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INTRODUCTION

The development of the textile and garment secdreing restructured
and modernized. Strong competition, changing coeswtemands, demand for
innovative products, short-term agreements withtausrs and a growing
attention to a knowledge-based society encouragesifacturers of embroidery
systems to rapidly adopt new technologies, inclgdimformation and
telecommunication ones, along with striving to be teader in the development
of new products. The application and developmentlettrically conductive
embroidery systems is closely associated with #neldpment of smart textile
technologies. The latest smart embroidery systerasable to receive cell
signals, control health status, warn at risk, memablood pressure, etc.

The formation of defects in embroidery systems jsablem faced during
the technological processes, when textile mateasdsmechanically exposed to
pressing, crushing, stretching, buckling and beiiggced many times by the tip
of the needle. As a consequence of this, the faromposition, geometric
parameters, mechanical and physical propertieshef @mbroidery elements
change depending on the parameters of the techinalogrocess, nature of
loads, stitching method and the properties of tla¢enml. Therefore, assessment
of the deformation of textile materials is extrepnghportant when examining
the factors influencing the quality and functiohalof embroidered systems.
Recently, scientists have started taking an inténethis problem, however, it is
still not widely investigated, and there is a lamkqualitative analysis of the
embroidery element itself.

Electrically conductive systems are increasinglgdum various technical
areas: design of sensors, as conductors and pootegainst static charges, etc.
There are several kinds of conductive textile tsga.e. with a conductive
coating, with a conductive filler, and fully ecceaally conductive threads.
Their mechanical behaviour is close to the behaviduextile threads, but they
have some defects: they have a rough surface wteli¢they are quite expensive,
and therefore it is important to acheive a highlityuand functional embroidered
system. In order to get the precise shape of an@ddry element it is important
to evaluate the process technological factors tiposof an embroidery element
with respect to the direction of fabrics, and theugure and properties of
materials used in the embroidered system.

Square shaped embroidery elements with good efatio properties are
often used in the development of embroidered txglectronic” systems, and
are therefore recommended for the production apticgtion of portable dipole
antennas, sensors, etc.

The functionality and features of embroidery cortithgcsystems have been
widely discussed in scientific research. Howeveshiould be emphasized that
the majority of research involves general peculesiof the development of
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embroidery systems without considering the infleein technological factors
on geometric parameters, quality and functionalftthe embroidery element.

Relevance of the dissertation

Considering the needs of consumers and competitizgket conditions,
producers of textile materials and compounds musirantee high quality
products throughout the entire service life. Pieais reliability, appearance,
wear properties and functionality of embroiderednsnts have a significant
influence on the high qualitative requiremerisis doctoral thesis deals with the
subject of compliance of geometrical parametergrabroidery elements with
the design size, and electrical conductivity of dwcetive closed-circuit
embroidery elements by analyzing the technologieabhmeters of the process,
the physical properties of the fabric, and the afieg factors. The research
provides a quantitative assessment on non-comgiant closed-circuit
embroidery elements with the design size and itstfanality depending on the
structure of the fabric, which may be useful fog thpidly growing development
of advanced technologies, identifying causes ofouar defects and developing
new quality requirements and standards for embredlgems.

The aim of the doctoral dissertation
To investigate and assess the influence of faltricture on the quality
and functionality of embroidery elements.

Tasks of the thesis:
1. to assess the impact of fabric structure and tdofgiwal parameters of the

compliance and shape of the embroidered elemanatoh the designed
size;

2. to analyze factors that affect geometrical pararseibsquare shaped closed-
circuit embroidery elements and assess the unogrtai research method;

3. to identify the influence of technological parametef the embroidery
process on geometrical parameters and electricalumdivity of square
shaped closed-circuit embroidery elements;

4. to investigate and analyze the influence of opegaftictors on geometrical
parameters and electrical conductivity of conducsqguare shaped closed-
circuit embroidery elements.

Novelty and practical value of the dissertation

In most cases, scientific literature provides acdpson of embroidered
systems only by a visual assessment of an elermpdtthere is a lack of deeper
investigations; such as the influence of the textihaterial properties and
technological parameters on geometrical parameterd functionality of
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embroidery elements. The accuracy of shapes isofrtbe main qualitative
requirements of functional embroidery elements, dhdrefore it is very
important to select both textiles with approprigeperties and appropriate
technological parameters. It should be emphasibatl defects, such as non-
compliance of embroidery elements to the projept,sdeformation of shapes,
slippage of threads, buckling, etc. are the mosiblé defects, therefore special
attention must be paid to the analysis of the factbat have an influence on
defects.

The thesis provides research on the accuracy ohgegiral parameters of
closed-circuit embroidery elements, taking intocaot the fabric properties and
technological parameters of the process. In additen assessment of the
uncertainty of method of the analysis of geomeprdzameters of embroidery
elements is included. The expanded measurementrtaimtg of each
embroidery element circuit was measured by usiegMibnte Carlo Simulation
Technique. The thesis also provides research aatysas of the influence of
technological parameters of the embroidery prooesslectrical conductivity of
the embroidery element. The influence of speeth@&imbroidery process on the
quality of embroidery elements was also assesskeé.study includes research
and analysis of the influence of exploitation fastoon conductivity and
geometrical parameters of the electrically condecembroidery elementhe
research gives an assessment of the influence ofitith and exploitation of the
circuit on conductivity of embroidery elements. Atdthally, a quantitative
assessment on non-compliance of closed-circuit eishdry elements with the
design size and its functionality depending on fideric structure is assessed,
and may be useful for identifying the causes oforar defects and developing
new quality requirements and standards for embredigems.

Approval of the research results.The results of the research are presented in
10 scientific publications, 5 of them — in the issuhat correspond to the list of
Institute of Scientific Information (Web of Science - in the issue, which
corresponds to the list of data base of an InstitdtScientific Information and 3
publications — in the other referred scientific [iedtions in International
Database. The results have been presented atetfatibnal conferences.
Structure of the doctoral dissertation. The doctoral dissertation consists of an
introduction, 3 chapters, conclusions, list of refeces (135 entries) and a list of
scientific publications. The material of the doefodissertation is presented in
103 pages, including 34 figures and 5 tables, aleitiy 5 annexes (including 12
figures and 1 tables).



CONTENT OF THE DOCTORAL DISSERTATION

Introduction presents the relevance of the dissertation, stiagesbjective
of the thesis, and describes the novelty and malotalue.

Chapter | provides a review of scientific literature relatedthe topic of
the dissertation.

Chapter 11 part one. Presents the basic characteristics of the inwagstiy
selected fabrics and embroidery, conductive threadd original research
methods.

The characteristics of the tested fabrics wererdeted in accordance
with the following standards: the thread densitysveetermined according to
LST EN 1049-2, surface density and linear densitgrew determined in
accordance with LST 1SO 3801, and the thicknessthaf material was
determined in accordance with LST EN ISO 5084. tiiton, performce
measurements using the SCHMIDT thickness gauge rulodel and no-load
conditions, pressure 1,0 kPa, measurement er@0ik mm are discussed. The
filling index of the fabric gand the linear filling indexes,ge, were calculated
by applying a medium warp and weft density &hd R per unit length (cif),
and the thread contouring diameter of the fabrjg, (dw) (Wwhen ,> 1 or > 1,
e~1).

Chapter |1 part two. The shape of embroidered items is obtained bydlli
the embroidered area with two different filling &§Z (zigzag) and T (tatami)

(Fig. 1).

Sample Fixed stitch 4
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Fabric threads (E;bflz liﬁr‘iv;lgé)
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Fig. 1. Diagram of assembling of the embroidery elemengmwia — filling typez; b —
filling type T, whereEJ — embroidery element widtlsL — stitch lengthEL —
embroidery element length

6 samples of each fabric under investigation hagenbembroidered
during the research.
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Technigue used for _determining the length and width of strip-shaped
embroidery elements. The embroidery process of the strip-shaped embnpide
element is performed at 4 different spe&tisnin™: 600, 800, 1000 and 1200.
The samples are embroidered in the directions apvead weft threads using
filling types Z and T.

The length and width of the embroidery elementsewaeasured using a
COREL DRAW 12 software package. Scanned sampleamage transferred to
a computer media and opened at a scale of 1:1dnCOREL DRAW 12
programme and were measured by increasing theut&sul The measuring
diagram of the strip-shaped elements is showngnZi

Sample

| EL \

EJ

Fabric threads
(warp and weft)

T
em]1 2 3 4 5 6 1
‘\Mrﬂ&\ \|3!\.\\\|‘|;‘\N|||\:L\liﬂ\\ ||!\\ b \‘ i \| Lhihl:\:\ii\hhhl Wil :‘ | \iiﬂ“‘\ﬁ\f\\|.| i

Fabric threads
(warp and weft)

Fig. 2. Strip-shaped embroidery element length and widtasmeement diagram where:
EJ — embroidery element widtEL — embroidery element length

The research analyzes the average lengths and swiltkained. The
coefficient of variation in the length of the elemeadid not exceed 4 %, the
coefficient of variation of the width did not exckd %.

Research _methodology for the investigation of close-circuit sguare-
shaped embroidery elements. 60 x 60 mmsquare-shaped close-circuit elements
were embroidered using filling type The selected circuit widths of 6 mm, 10
mm, 14 mm, 18 mm, and 22 mm allowed different shapieelements to be
obtained. PoinA is the start and end point of the embroidery pgsdéig. 3).
The embroidered element is obtained by embroiddrimysegments in the weft
direction — segmentaB, CD, and by embroidering two segmeBS, DA in the
warp direction. The geometric parameters of thenetgs were measured using
the COREL DRAW 12 software package. The resultthefinvestigation were
statistically processed and the variability of tlesults did not exceed 6 %.
Measurement tolerances have varied from + 1% t&ot 5




Research methodology for the investigation of contour width of square-
shaped elements. Measurements of the contour widihV are carried out on all
sides of the square within the length and heighhefelement, at the intersection
points of the inside circuits, and at quarter aettial points of the inside
circuits. The measurement diagram is shown in Fig.
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Fig. 3. The embroidery element contour width measuremexgrdim: wher&W — the
contour width of the embroidered element, A — dteet and end points of embroidery,
—» — embroidery directior;—* in the direction of we=—=> —in the direction
of warp

The research analyzed the average obtained widtthefembroidery
elementEW. The overall relative incorrectness of the resoftsneasurements
ranged from 1 % to 5 %. The coefficient of variattid not exceeded 5%.

Research methodology for measuring of uncertainty of contour width of
square-shaped embroidery elements. The reliability of analysis method of
geometric parameters for the investigated embrpigdements was analyzed
taking into account general, group and specifieaesh factors. The uncertainty
is analyzed by evaluating the sources of procederfor systematic or random
errors. Calculation of uncertainty is based onabailable different variables.

The study considers that the componélts, Al o, Al  are fixed at zero

rather than uncertainties thereof, and they arerelated. Where:Al g, — the
influence of sample preparation proceséxd,ic — the influence of digital image

caIibration,AIdp — the influence of data distortion.

When analyzing the metrological parameters of tle@surement method,
it is intended that the parameters defining thesueament uncertainty value are
adequate for the measuring purposes, i.e. therezhjaiccuracy. Based on this
statement, the study analyzed the uncertaintiéiseofneasurement method.

The uncertainty of the result is evaluated accgydma Flow Algorithm
Scheme provided in Fig. 4.
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Fig. 4. Flow chart of geometrical parameters (width) measient and sources of

uncertainty

The extended uncertainty of five different circwitlths was evaluated by

using the Monte Carlo simulation technique. Theoatgm for the Monte Carlo
technique analyzes total uncertainty components:

standard deviation of the obtained average regottsvarp direction
contour width measurement;
standard deviation of the obtained average refuitthe weft direction
contour width measurement;
reference ruler calibration uncertainty;
digital image calibration;
data processing;
11



e preparation of element.

The linear displacement detected during the ingatitin is related to the
displacement measurements and digital image asaly$he expanded
measurement uncertainty is calculated using a egeefactor of k=2, with
normal distribution and coverage probability P 83).The thesis calculates the
maximum deviation from the average error of circwidth, i.e. standard
uncertainty is 0.07 mm, related to a contour wifti8 mm.

Research methodology for the investigation of inside and outside widths
of sguare-shaped elements. Due to the peculiarities of the closed circuit and
square shape, the investigation analyzes the eutd@nent width-c and inside
element width-Ic (Fig. 5).

14 mm

A
I
I
I

Fig. 5. Square-shaped embroidery element outside wittland inside widthFlc
measurement diagram: where a — contour width 6 lormcontour width10 mm, ¢ —
contour width14 mm, d — contour width 18 mm, eoatour width 22 mm, f — outside
width Fc measured sections diagre—> — embroidery direcz=:=* —in the

direction of weft, =™ —in the direction of warp
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The outside element widthc measurement was carried out within the
length of the sides, at the intersection pointghef inside circuits, and at the
central points of the circuits (Fig. 5., f). Measgr points of the outer widtkc
of the square-shaped embroidered elements in tteetidin of axis x of the
diagrams are marked with numbédrs2, 3, 4, 5. The inside element widthlc
was carried out within the length and the centerthef sides (Fig. 5). The
experiment examines the outsifle and insideFIc widths of the embroidered
elements. The arithmetic average of 6 samplesnsidered as the final width
values. The measurement tolerance has varied frob% #o *+2%. The
coefficient of variation did not exceeded 5 %.

Research methodology for sguare-shaped electrically conductive
embroidery elements. 60 x 60 mm and 6 mm and 14 mm wide closed circuit
square-shaped embroidery elements have been us#tkfoesearcin order to
evaluate the influence of technological parametershe electrical conductivity
of the embroidery elements. The embroidered clasedit elements of widths
6 mm and 14 mm were made using typdilling with two stitch densities: 3
stitches/mm and 4.5 stitches/mm (Fig. 3). Measungsnef resistance of the
investigated closed circuit to the electrical cortdlity (electrical resistivity)
R (Q) were carried out within the range of the squdmaped circuit (Fig. 6, a).
In the study, the measuring wires are firmly coneédo the measured circuit by
attaching them to a special frame (Fig. 6., b).

«—Multimeter

Wire

Place
for wire

| Measuring
plate - probe

A

Branch resistivity \ R,

.5, 1
il
R R R

a b

Fig. 6. The analyzed diagrams of the electrically condecémnbroidery element: a —
electrical resistivity diagram, wheRe(Q2) — electrical resistivity; b —
electrical resistivity measurement scheme
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The measurements of the electrical resistivityhef €mbroidered square-
shaped contour embroidery elements were perform@dgua multimeter
BRYMEN BM811S.

The obtained averages of electrical resistivity Rtlee embroidered
closed-circuit element were analyzed. Statisticatpssing determined the value
of the variation coefficient to be up to 6 %, art trelative error of the
measurements was from =1 % to + 7%.

Evaluation of changes of geometric parameters of the electrically
conductive embroidery element after a washing cycle. After the process of
embroidery with conductive thread, in order to restie the influence of
operating factors on the element's contour wi@® the objects tested in
accordance with LST EN ISO 6330:2012 have beenetewith seven wash
cycles and dried by hanging up in the extendedtiposi The width of the
embroidery element contour CS was measured beéare wash cycle, and the
width CS¢ —after the first, third, fifth and seventh wash leyclhe widths of the
electrically conductive embroidery elemen®S and CS¢ were measured
according to the above methodology. The contouthwideasurement diagram is
shown in Fig. 7.

Research measurement results were obtained frorarithenetic average
of five samples. Disseminating research resultscoftour width of all
investigated sample elements is low, the coefficidivariation did not exceeded
6 %, and the relative error of measurements diceroteded 7 %.

Chapter IlI part one.

The influence of technological factors and material properties on
geometrical parameters of a drip-shaped embroidery element. The
investigation of lenghts of embroidery elements fetmed with filling typeZ
and different speed levels, and when comparing thétm the design size has
shown that the length of the embroidery elemertegdoto the designed one was
obtained when the the embroidery element was pagdron the fabric A2 in the
weft direction with the speed of the embroiderygessV = 1000 mift. When
the embroidery element is formed with filling tygein all cases the length of
the element is less than the length of the desigheohent. The results of the
investigation of width of the embroidery elem&dtshowed that using different
embroidery speed results in an uneven width oethéroidery element. In most
cases, there is a strong linear dependence betiveenidth of the embroidery
elementEJ and embroidery spead min'(Fig. 7).

The results of the research have shown that thgtHeand width of the
embroidery element formed with another filling typealso do not match the
design size and depends on the speed of the erabyqitbcess (Fig 8).
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Fig. 7. Dependance of widtBJ (mm) of the embroidery element formed with fillibge
Z on the embroidery spe&t min*, when the fabric embroidery direction: a — in the
direction of warp, b — in the direction of weft,dth of the designed eleme®  —
fabric A1; @ — fabric AZ& — fabric A3
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Fig 8. Dependence of widtBJ (mm) of the embroidery element formed with fillibge
T on the embroidery spe&f] min, when the fabric embroidery direction: a — in the
direction of warp, b —in the direction of weft, al=== — width of the designed element;

¥ _ fabric A1;® — fabric A& — fabric A3
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The analysis of investigation results of embroideztements formed with
filling type T and warp and weft directions showed that Blewidth of the
embroidery element is closest to the designed widitthe maximum speed of
V=1200 mirt. On both fabric directions there is a strong lmearrelation
dependance of width of the embroidery element enetimbroidery speed {&
to 0.85) (Fig. 8).

When comparingdifferent filling typesZ and T, it was found that the
length of the embroidery elemest. embroidered with filling typ& is less than
the length of the designed element, whereas thgtHesf the embroidery element
embroidered with filling typd is close or higher.

The research determined that the width of the eitbrg elementEJ
increases along with the increasing embroidery dp¥e When forming
embroidery elements with filling typesandT, at the process speeds of 600, 800
and 1000 mif, width of the elemenEJ from ~ 10 % to ~ 18.3 %, and at the
process speed of V = 1200 nlifrom ~ 5 % to ~ 11.7 % obtained less than the
designed value.

Analysis of compliance of different contour widths of sguare-shaped
embroidery elements to the designed elements. Analysis of contour width of the
embroidery elemerEW and its comparison with geometrical parameterthef
designed element showed that contour wielthf in warp and weft directions
does not meet the designed value (Fig. 9).

The most accurate contour width of the embroiddgment fabric Al

(~ 2.1 % less than the designed width) was obtaingdembroidering at a
minimum width of 6 mm (Fig. 9., a). Comparison #fA2 fabric closed circuit
square-shaped embroidery element contour widhswith the designed one
and internal comparison shows that the most aceurantour width of the
embroidery elemenEW meeting the designed width was obtained in thepwar
direction sections of 6 mm and 10 mm sample consodths (Fig. 9).
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Fig. 9. Contour width of the embroidery eleméw (%) when contour width of
the designed element: a— 6 mm, b —10 mm, cmb4d — 18 mm, e — 22 mm,

where— - contour width of the designed elent&M%), contour width of the
embroidery elemerEW (%)accomplished or----- —fabric A=—=  — fabric
A2, v — fabric A3

The research showed the slippage of fabric threutts respect to the
other contacting system in the elements with atimasn contour width of 22
mm. The investigation showed the formation of aitabuckle at the corners of
the embroidery elements, which is not covered wétbroidery threads.
Buckling of textile fabrics can be observed undeishing and low longitudinal
forces. During buckling, due to transverse compoestorces, they lose flatness
, form a round wave that changes in shape withea®ing compression
deformation. This defect-buckling and lack of stés at the corners of the
embroidery element can be described as the effattecbuckling phenomenon
that is strongly affected by tensile stress corregions formed near the defect.

The obtained width of the smallest contour of erdeed elementg&wW
of fabric A3 in the warp direction secti®C is ~ 3.3 % less than the designed
width, the width in the other section of the sanredaion DA is ~ 1.7 % less
(Fig. 9., a). The investigation of widths of emlgimied elements of fabric A3 in
the warp direction showed that the average valueidth EW is up to ~ 1.7 %
less than the designed width.

The comparison of the investigated embroidery etgmeontour widths
EW of all fabrics in the warp and weft direction witie designed one shows that
in most cases the embroidery elements of twill veefabric A2 are closest to the
designed value (the obtained widgkV is from ~ 0.1 % to ~ 3.4 % less than the
designed one) (Fig. 9).
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The investigation of changes in the width of theseld-circuit square-
shaped embroidery elements showed a linear redesendence between fabric
filling indexes and changes EW contour widthAP (%), which means that the
fabric thread filling indexes affect the geometrigarameters of the close-circuit
embroidered element. The investigation showed arage and high inverse
dependence (Fig. 10).

It can be stated that in most cases the contouthviatlV of the closed-
circuit square-shaped embroidery element is claséhe designed width in the
warp direction. In the investigated case, the liffifling indicatorse,; in the warp
direction is from ~ 33 % to ~ 45 % higher than limear filling indicatorse;, in
the weft direction. The determined A2 fabric fillinndicatore; is from ~ 1.4 %
to ~ 6.9 % higher than those of other investigafdatics. Thus, taking into
account the characteristics of the investigatedidatand after an evaluation of
the results, it can be stated that the filling @adors have a significant influence
on the contour width of the embroidery element.

The information obtained during the investigatidmows that fiveEW
widths of the investigated fabrics embroidery elataeare not equivalent to the
designed width and also depend on technologicalljeities of the filling type,
composition of fabric and direction of stitches tbE embroidery element in
respect of the fabric. The obtained results shawttie elements are closer to the
designed size at a higher filling index of the fabr

Fig. 10. The dependency of contour width changes of the embroidery element
AP (%) on the indexes of fabric filling e (%), when the contour width of the

embroidery element EW: * 6 mm; ™ —10 mm; kai & —14 mm; kai X —18
mm; kai X —22 mm
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Uncertainty assessment of an investigation technique for contour width
of square-shaped embroidery elements. According to the developed
investigation technique the analysis used the M@atdo Simulation Method, in
which uncertainties of individual components affemthl uncertainty. It can be
assumed that the uncertainties of individual coreptghave an influence on the

despite their

total uncertainty, and their componentdl, ,Alg,Aly,

uncertainties, are not related to each other. ltelfeved that the measurements
used are considered to be independent of the sgmagidon and the standard
width in the area.

The total deviation of the test sample width frdre tesigned sample is as
follows:

Al=((lyg +1,2)12) =1+ Al + Al + Al g; (1)

The information obtained during the investigatidows that the average
dissipation of the measured values of different emogamples and contour width
is equal to 3.5 %, and the absolute value variesnf0.2 mm to 0.8 mm
depending on the width of the contour (6 mm — 22)mm

The contour width of the element in both directiafisvarp and weft are
highly correlated with each other. Therefore, thandard uncertainty of
measurement of the nominal contour width of theviddial samples consists of
three components, one of which is the correlatmmmonent of the estimation of
the contour width in different directions. Covaigat of estimated,; andl,,
gives an additional contribution to the uncertaiofyneasurement of the width.
Multiple measurements of samples of the same vattwed the calculation of
average standard deviations in both directions afpwand weft, as well as an
evaluation of the correlation coefficient. Therefothe following formula is used
for the calculation of a total uncertainty in thetimation of the sample width:

U(ly) =020 +02(,0) + 20 (), (L) T () ()

It was revealed that in most cases the sample mirdded by the
component of the sample preparation (which reptesamaverage around 40 %
of the total standard uncertainty). The componepfs uncertainty of
measurement of contour width in both directionsvafp and weft represent on
average around 25 % of the total standard unceéytasand decreases with
increasing contour width (Fig. 11).
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Fig. 11. The influence the uncertainty components % ondted uncertainty, when the
contour width of the embroidery eIemeD -6 r-,— 10 mm, O -1 mrr
18 mm,D — 22 mm

The investigation showed that in the case of defimaterial characteristics,
this method has a negative error of ~ 2.4 %, withe&panded uncertainty of
~ 3.3% for measuring the width of the embroideredtour between 6 and 22
mm. The obtained tolerance is not high and theltesue reliable. On the other
hand, this shows that particular attention sho@gaid to the preparation of the
sample and on the measurement of width of the dlogeuit embroidery
element in relation to the direction of fabric thds.
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Investigation of accuracy of the width of the outer and inner squares of
the square-shaped embroidered elements. The results show that the average
outer width Fc of the element made on fabric Alsdoet meet the fabric in the
direction of warp. The comparison of the outer WiBit of the entire embroidery
element of fabric Al at different meassuring pointsh the designed width,
leads to the conclusion that the outer wiHthat the measureaingular positions
and at the center is determined to be uneven {Rig.a, b).
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Fig. 12.Outer widthFc of the embroidery elements, when the contour widttine
designed elementi® —6m®  _10r4), —14 2, 18 mm,

— 22 mm: a — accomplished on fabric Al in thediom of warp, b —
accomplished on fabric Al in the direction of weft- accomplished on
fabric A2 in the direction of warp, d — accomplidhan fabric A2 in the

direction of weft, e — accomplished on fabric A3he direction of warp, f—
accomplished on fabric A3 in the direction of weft

The investigation found that in the direction oé tvarp of fabric Al, at
the marginal measured points, the change in ther exitlth of the entire element
is that Fc is ~ 3.3 % greater than at the centregrev the change in the outer
width of Fc is ~ 1.2 %. Meanwhile, the obtainedesuvidth Fc in the direction
of weft at the marginal measured points of theisedAB (Fig. 12., b, measured
points 1, 2)is closerto the designed value than at the sectiih (Fig.12., b,
measured points 4, 5). It should be emphasizedttigatietermined outer width
Fc of the element at the central measured pointsom f~0,5% to ~3,4 %
greater than the designed one (Fig.12., a, b, medgwints 3).

The analysis of shape of the inner square showadithmany cases the
inner shape of the embroidery element does nothrtate designed shape. The
results showed that the inner width of the sqidoeof fabric A1 in comparison
with the designed width in the direction of the wdras changed more at the
corners than at the center. Taking into accountatrerage value, the obtained
inner widthFlc of the closed-circuit square-shaped elements dthwof 6 mm,
10 mm and 18 mm accomplished on fabric Al in thedation of the warp is ~
0,6 % to ~ 1,3 % less than the designed value.chhege in the inner widthlc
of the inner square embroidery elements of 14 mniozw width in comparison
with the designed value in the direction of the pvat the measured points@,
E;F; have met the designed value. In general, it wasdothat the obtained
width Flc in the direction of the weft is closer to the desd value.
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The investigation found that the direction of thebeoidery, fabric
properties and the contour width of the embroidelgment has a significant
influence on the quality of the embroidery elemdnt.this case, in all the
investigated fabric, the obtained elements of fabk2 were closer to the
designed value.

The investigation of widths of the embroidery eletseaccomplished on
fabric A2 showed that the width of the entire eletriec mostly differs at the
ends of the measurable sections, and in most dasesiter width=c is less than
the designed width. (Fig. 12., c, d). The obtaimédth Fc of the embroidery
elements of width of 6 mm, 10 mm and 14 mm in tiveation of the warp is
~1.3 % to ~ 2.5 % less than the designed valug. (E2., c).However, the
obtained width~c of the embroidery elements in the direction oftigflose to
the designed width (Fig. 12., d).

The entire outer widtlrc of fabric A2 in the direction of weft, with the
contour width of 6 mm, 10 mm, 14 mm, is determiaadclose to the designed
value. (Fig. 12., d). Investigation of elementshwnitontour width of 18 mm
accomplished on fabric A2 showed that the entirdttwi~c in the direction of
warp in all measured points varied from 58.5 mn%88 mm, i.e. the obtained
outer widthFc is from ~ 2 % to ~ 2.5 % less than the designexl Bvhereas the
obtained entire widthli-c at some points of elements of the mentioned contou
width in the direction of weft is close to the dgwd value. Investigation of the
shape of the elements with the highest contour hwidt 22 mm and its
comparison with the designed one showed that th&ired entire width-c of
fabric A2 in the direction of warp is from ~ 1.2 % ~ 2.5 % less than the
designed width, whereas the width of the elemetténdirection of weft in most
cases is larger by approximately ~ 0.7 % than #wgthed one (Fig. 12).

The analysis of inner widthlc of the inner square of embroidery elements
accomplished on fabric A2 showed that in most céisesaverage widtFlic in
the direction of warp is less than the designed. dinés established that the
difference is ~ 1.3 % when the width contour is @ @and 10 mm. In results of
elements of a larger contour width of 14 mm andri8, their width differs by
~ 0.9 %. Whereas the investigation of the elemavith the largest contour
width of 22 mm showed that the obtained averageh/#tt of the element in the
direction of warp is ~ 3.1 % larger than the des@ywidth.

The obtained average square widitlt of fabric A2 in the direction of
weft in the case of larger contour widths of 14 ni, mm and 22 mm is
~06%, ~1.7%, ~4.4% larger than the desigmédth. Fabric weave,
structure, direction and physical characteriticseha significant influence on
deformations. The investigated woven fabrics diffigrthe type of weaving and
level of yarn crimp — these factors are importattew applying embroidery
threads into the structure. The comparison of tesflinner contour widthElc
of all the investigated group of samples showetlithgeneral, the inner contour
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width Flc of elements accomplished on fabric A2 is closesthe designed
width. During stretching, the tensile strength bé tfabric yarns, along with
increasing friction between yarns and dependinghertype of the woven fabric
and characteristics — affects the occurrence dfdrigensile strength. Therefore,
it can be said that during the formation of stishthe yarn systems are unevenly
compressed and this affects the obtained resudtedeto the inner widtklc of
embroidery elements.

The investigation of embroidery elements accompliston fabric A3,
showed that the outer widffc of the embroidery element in both directions of
fabric yarns is similar (Fig. 12., e, f). In mostses, the entire square widkb of
the elements embroidered in warp and weft direstisrup to ~ 1 % less than the
designed one. The analysis of elements with contdths of 6 mm, 14 mm and
22 mm accomplished on fabric A3 in the directionnafrp shows that the entire
outer widthFc differs from the designed width by approximatel®.8 %. When
the contour width is 10 mm, then the entire widtitained is ~ 1.7 % less than
the designed one. When the width is 14 mm, theretitiee widthFc obtained is
~ 1.3 % less than the designed one (Fig. 7., ggshigation of the shape of the
elements with the smallest contour width of 6 mroveéd that the determined
width of the entire squargc in this direction is ~ 0.8 % less than the designe
width. The closest entire widtRc of fabric A3 in the direction of weft is
obtained with a contour width of 10 mm.

For samples with contour widths of 14 mm and 18 rime, entire outer
width Fc obtained is ~ 1.5 % less than the designed widiththe case of the
maximum width, theFc width differs from the designed one by ~ 0.3 %
(Fig. 12., f). The outcome of the investigationwhd that in all cases the shape
of elements embroidered on fabric A3 in both ditet is narrower at the edges
than that in the center (Fig. 12., e, f). In boifections, the obtained outer width
Fc does not meet the designed value by up to ~1.%he case under
investigation, the linear filling indexes of fabrk3 in different directions are
closer than those of other investigated fabrics.

The investigation showed that regardless of thaazonwidth, the outer
width Fc of the embroidery element in all cases is narroatéhe edges than that
in the center. This applies to both directions afrfc yarns (Fig. 12.). In most
cases, the investigated embroidered elements wesmaller size (Fig. 12.).
Diameter, density, length of threads, fabric weavew tight the fibres are
placed, interconnected with each other and fibdresiveness are the most
important factors that influence the geometricalapzeters of the fabric. Since
the surface density of fabric A2, yarn density ¢éindar density is the highest of
all the investigated fabrics, then the obtainednelats accomplished on fabric
A2, taking into account their average values, doser to the designed value
than those of other fabrics (Fig. 12).
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Based on the results obtained, it can be statedhitbaletermined changes
in geometrical parameters of embroidery elementge hen influence on the
stability and accuracy of the embroidery elemente®ion of the process, with
respect to the fabric structure and technical ataretics of used filling type,
are very important for the accuracy of embroiddeyreents (Jucieh) etc., 2016).
In this case, filling type T, with the wider closeduare-shaped contour, longer
lines of stitches are formed in the embroidery eets compared to those in the
investigated narrower contours. Considering tHmdltype T of the embroidery,
stitch overlap is on the reverse side of the endemnyi system, therefore, the yarn
tensile loads are not uniformly distributed. Wheiming longer lines of stitches
of filling type T, the upper sewing thread passes more times thrihggheedle
hole than in shorter stitch lines, therefore thebemdery elements of wider
closed contour undergo higher mechanical stress.

The analysis of shapes of elements revealed onenconuefect of the
shape — curved sides at the center of the squayel®.

Fig. 13.Defects of sides of square-shaped embroidery elsnaecomplished
on fabric A3 element

The analysis showed that the conformance of gedrakiparameters of
the embroidery elements to the designed valuedsety related to the shape
stability. It was determined that the investigatgeometrical parameters of
closed-circuit square-shaped elements, i.e. ougthwc and inner width-Ic, is
different in relation to the fabric yarn system.
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The assessment of functionality of electrically conductive embroidery
elements. The electrical conductivity of the circuit is ayzéd by evaluating the
electrical resistivity R of the embroidered clossduit. The higher the
resistance in electrical circuits, the lower thedactivity, and vice versa the
lower the resistance, the higher the conductivitize analysis of electrical
conductivity of the embroidered closed-circuit etamh showed that the
difference in the electrical resistivitydepends on the technological parameters.
When the elements were filled with a higher stidemsity (4.5 stitches/mm) and
the contour was 6 mm and 14 mm wide, in all cabesdbtained electrical
conductivity was higher than those elements filleith a density of 3
stitches/mm. The obtained results showed that adivity of closed-circuit
embroidery elements of 14 mm contour width was 43t ~ 61 % greater than
that of 6 mm wide. In this case, the determinedtatal resistivity R Q) is
from 0.59Q to 0.80Q (Fig. 14).

This comparison of electrical resistiviRof all the investigated fabrics of
6 mm contour width filled with a density of 3 stiks/mm and 4,5 stitches/mm,
shows that conductivity of elements filled with déwy 4,5 stitches/mm is higher
by ~19 % to ~ 21 % (Fig. 14., b). Among all teatnples under investigation,
the greatest conductivity was achieved when theetds were accomplished on
fabric A2. In this case, the electrical resistivRyf fabric A2 elements was 0.59
Q and 0.75Q, which is from ~ 6 % to ~ 9 % lower than the regiseR of the
other test samples (Fig. 14., a).
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Fig. 14.Resistance of the embroidery closed-circuit elanmthe electrical conductivity
R, when the designed contour width of the elemerd is 6 mm; b —14 mm,

in case of stitch densiti N _ 3 stitches/r E, -stitbhes/mm
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Experimenting on the elements of a wider 14 mmaantvidth filled with
stitches of different density showed that the catigity was by ~45 % to ~61 %
higher when the stitch density was 4.5 stitches/mrthis case, the electrical
resistivity R of the embroidered elements accomplished on fah2iavas also
the lowest and their electrical conductivity in quamison to the elements
accomplished on the other fabrics was by ~ 32 %38 % higher (Fig. 14., b).

Analysis of factors that have an influence on fiowdlity of electrically
conductive embroidery elements showed the linegeddence between fabric
filling indexes and electrical resistivity, wheteetreverse correlation coefficient
R« between the index of the fabric filling and elészl resistivity R (Q) in cases
where the stitch density of the contour was 41stsis/mm was from 0.9 to 0.95.

The results of the analysis showed that in gereasgs the stitch density
used in the process has the greatest influencemauctivity of the embroidery
elements. The highest electrical conductivity watedmined when the contour
width was larger, which in the case under invesibpgawas 14 mm, and the
stitch density was 4.5 stitches/mm. In general hilghest electrical conductivity
was obtained when the embroidery elements wereupeatl on fabric A2
(Fig. 14).

The performed analysis showed that in most casésglaer electrical
conductivity is obtained in closed-circuit squaheysed 14 mm width contour
fabrics of different weave than in 6 mm contour tidlements (Fig. 14).

The investigation showed that the electrical cotigitg of closed-circuit
square-shaped 14 mm width contour elements is % 3d ~ 61 % higher than
the conductivity of 6 mm width contour elements tectrical resistivityr (Q)
obtained 0.592 to 0.80Q. The research found that the contour width artdhsti
density has a great influence on the electricaldootivity of closed-circuit
embroidery element depending on characteristicthef fabric. The highest
electrical conductivity was reached on the elemehtswider, 14 mm
contour width and stitch density 4.5 stitches/mm.

Analysis of the investigation results revealed titat difference between
the electrically conductive element contour wi@in the direction of warp and
weft AE (%) varies compared with the designed one (Fig- 15).

When comparing the results of contour widt@S of all electrically
conductive embroidery elements fabric samples wiéimd between the designed
values, it was found that contour wid@s is closest to the designed one when
the samples contour width is 14 mm and the applitsity of 4.5 stitches/mm.
In general, the average contour wid@® closest to the designed one was
obtained in samples accomplished on fabric A2, onll.8 % greater than the
designed one. The greatest non-compliance of comtadth CS with the
designed size (on average, up to ~ 3.5%) was dutamostly in samples
accomplished on fabric A3 (Fig. 15 — 16).
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Fig. 15.DifferenceAE (%) of the contour width CS of electrically cotive embroidery
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The performed analysis showed that in generaldivest obtained electric
resistanceR=0.23 (Q) and the highest conductivity was reached on eahsne
accomplished on fabric A2 with a contour width df hm and stitch density 4.5
stitches/mm. It was determined that contour wid8of elements accomplished
on fabric A2 with filling indexe; was from ~ 1.4 % to ~ 6.9 % greater than other
tested fabrics and is closer to the designed vakeby ~ 1.8 % greater. It was
determined that filling indexes have an influenceconductivity of embroidery
elements. The obtained linear dependef@eto 0.95) between the fabric filling
index and electrical resistivitR () with a density of 4.5 stitches/mm showed
the influence of fabric characteristics on the fiomality of an embroidery
element. By linking the functionality of element#lwgeometrical parameters, it
can be seen that the lowest resistance to therielatonductivityR=0.23 Q)
and the contour width closest to the designed agmeafer by ~ 1.8 %) was
obtained with a contour width of 14 mm and stitemsity 4.5 stitches/mm. This
demonstrates that the same factors have an infuencthe functionality and
geometrical parameters of the elements.

Influence of exploitation factors on the functionality and geometrical
parameters of the embroidery element. The investigation results of electrical
resistivity after the exploitation processes showtkdt wash cycles have
significantly changed the electrical resistivityg ) of closed-circuit
embroidery elements (Fig. 17). It was determined the electrical conductivity
of the tested samples of embroidery elements witbraour width of 6 mm and
stitch density 3 stitches/mm changed after the figsh cycle and the electrical
resistivity R (Q2) reduced: elements accomplished on fabric A1 ~9%.5
elements accomplished on fabric A2~ 14.7 %, elemnantomplished on fabric
A3 ~ 10.7 %. After three wash cycles, the electriesistivity R: (€2) increased
respectively: elements accomplished on fabric Al 23.8 %, elements
accomplished on fabric A2 ~ 9,3 %, elements accimmpdl on fabric A3
~17.3 %. Upon measuring the electrical resistiuiter five wash cycles, it was
identified that the electrical resistivity of fabrAl increased by up to ~ 40 %,
elements accomplished on fabric A2 ~ 30.7 %, elésnaccomplished on fabric
A3 ~ 33.3 %. The largest differen&ER in electrical resistivity R(Q) was
obtained after a maximum seven wash cycles: forpgsnof fabric Al it
increased by up to ~ 51.3 %, for samples of faBéc- by up to ~ 50.8 %, for
samples of fabric A3 — by up to ~ 40 % (Fig. 17).

The obtained results show that the electrical cotidty has increased
after the first cycle. The investigation revealkdttthe resistance of the elements
to the electrical current is higher after 3.5 andiésh cycles. When evaluating
the average of electrical resistivity differentER with non-washed samples, it
was found that exploitation processes have thaegemfluence on conductivity
on the group of samples of elements accomplishefaloric A1 with contour
width 6 mm and stitch density 3 stitches/mm (~ 28.1), and the lowest
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influence (~15.3 %) on elements accomplished diridaA2. The average

electrical conductivity differenc&ER of fabric A3 was up to ~ 18.7 %. A strong
linear correlation was determined between eledtresistivity and wash cycles
(RPks to 0.96) (Fig 17).
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Fig. 17.Electrically conductive 6 mm contour width elengfiled with 3 stitches / mm
stitch densities closed circuit electrical resiseRE {2) after exploitation, wher¢®  —

fabric Al elements ™  — fabric A2 elemer™*; — faky3 elements

The investigation of the group of samples of endeoéd elements with a
contour width 6 mm and stitch density 4,5 stitches/showed that the electric
resistance after the first wash cycle of fabricr&dluced by ~ 16.1 %, fabric A2
~ 22 %, fabric A3 ~ 15.4 %. (Fig. 18).
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Fig. 18.Electrically conductive 6 mm contour width elenefiled with 4.5 stitches /
mm stitch densities closed circuit electrical resise RE Q) after exploitation, where:

¢ _elements of fabric AL — elements of fabric > — elements of fabric A3
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It was determined that after three wash cyclegdbistance to the flow of
an electric current of all tested fabrics increakech ~ 1.5 % to ~ 12.9 %. The
analysis of conductivity of samples of the mentbrdements after five wash
cycles showed that the resistance increased: félirie 37.1 %, fabric A2 ~
18.6 %, fabric A3 ~ 13.8 % (Fig. 18).

The analysis of influence of wash cycles on eleatriconductivity of
embroidery elements with a contour width 14 mm eastiich density 3
stitches/mm showed that the electric resistanceheftested fabric samples
decreased from 8.8 % to ~ 24.5 % after the firgha@ycle. In this case, a strong
linear correlation between electric resistance amash cycles has been
determined R«s to 0.89) (Fig. 19).
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Fig. 19.Electrically conductive 14 mm contour width elenefiled with 3 stitches / mm

stitch densities closed circuit electrical resis@RE () after exploitation, wherc.’ -

elements of fabric Al,. — elements of fabric 1_‘_;— elements of fabric A3

The obtained results showed that after seven wgsles; the electric
resistance of the tested samples has increased-felérd6 to ~ 59.7 % (Fig. 18).
Exploitation processes had the greatest influemcén@ embroidered elements of
fabric Al. The determined strong linear correlatiependenceRfsto 0,90)
(Fig. 18) of electric resistance of elements witlntour width 6 mm and stitch
density 4.5 stitches/mm on the number of explatatrocesses shows that the
electric conductivity reduces with increasing exgliion. The investigation
showed that the electric resistance of the tesdetpkes with contour width 14
mm and stitch density 4.5 stitches/mm reduced agdimat of previously
investigated groups of samples. It was determied &xploitation processes
mainly influenced the electrical resistivity aftdie seventh wash process. In all
cases, a strong linear correlation was obtainegl ¢).
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Fig. 20.Electrically conductive 14 mm contour width elensefiled with 4.5 stitches /
mm stitch densities closed circuit electrical resise RE Q) after exploitation, where:
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In general, in the cases the electrical condugtivitfabric A1 embroidery
elements with a contour width of 6 mm, the resistahas increased on average
~ 28.1 % (Fig. 17). The exploitation processes thadeast impact on fabric A2
samples — in this case the electrical resistivag bnly increased on average by
~ 14 %. The obtained results of the electricalstasty showed the variability of
electrical conductivity of the investigated sampléspending on technical
parameters and quantity of exploitation processElsis is because the
investigated samples were embroidered with diffecemtour widths of 6 mm
and 14 mm using different stitch densities of 3 drilstitches/mm. In addition,
the samples were mechanically exposed to diffargeles and a number of wash
processes, during which they were soaked in wastieigrgents, compressed,
rolled, yarn fibers were exposed to friction forcasd are therefore more
deformed. This aspect affects the faster wearepthbduct.

The obtained results showed that the electricaldgotivity of none
exploited elements was higher than those after3h& and 7 wash cycles
(Fig. 17 — 20). The number of wash cycles influentee level of exploitation
and moisture of the element. The more often thereitdry element is washed
and exposed to moisture and mechanical effectsymtwe the surface of the
element is mechanically exposed and, as a rebalizdnductivity for absorption
increases, resulting in the fabric shrinking anddecrease of electrical
conductivity.

The investigation showed that the electrical cotiglilg of the
investigated fabrics varies depending on the charatics of the fabric,
technological parameters and quantity of explatatiprocesses. It was
determined that the exploitation processes mairffieced the electrical
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resistivity after the seventh wash cycle. In abe a strong linear dependence
between electrical resistivity and exploitation legcR«s to 0.96) was obtained.

The investigation found that the minimum resistarice electrical
conductivity R =0.33 Q) was determined for samples accomplished on fabric
A2, with a contour width of 14 mm and stitch depsit5 stitches/mm. It was
found that the least influence on the electricahchectivity for all groups of
investigated embroidery elements was after thé iesh cycle, as the electrical
conductivity in all tested cases improved aftet.tha

The obtained results showed that after the waslkesythe contour width
of the elemen€CS¢ in warp and weft directions was different. It ispgortant that
the widthCS¢ both for embroidered samples CS and washed saispdiEferent
between the sides of the same direction.

Comparing the results of all four investigated gouof washed
embroidery elements, it was found that in most €dke contour widtlCS in
the direction of warp was greater than the embremsize, but was the closest
to it. It was determined that after processes pfatation, the least difference in
width CS¢ was found in a group of samples with the elemddthw 6 mm and
density 3 stitches/mm. In most cases it was foumad the contour width value
CS moved away from the width of the embroidered conte8 after 5 and 7
wash cycles

Washing is a very common and important process urselbaning and
decoration of various textile products. Due to mois absorption during
washing, the fibers swell and change structurenglavith physical and
mechanical characteristics of the fabric. Fibersnoe absorption, evaporation
phenomena and structural changes are closely etdgzd. With the larger
number of wash cycles, the diameter of fibers iases; resulting in structure
swelling and expansion (Fig. 21).

The comparison of pictures with images of the sig$aof embroidered
electrically conductive elements before (Fig, 24).,and after washing (Fig,
21., b) revealed differences: the fibers were ssvohlifter washing and became
thicker, with visible fiber lesions, broken endsiamdistorted shape. Therefore,
it can be argued that the influence of exploitation the changes in
characteristics of embroidery elements is significdn the investigated case
after 7 wash cycles, the average width of the aan@8¢ of the tested fabrics
increased from ~ 2.2 % to ~ 4.1 %.
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Fig. 21 SEM photos of A2 elements for conductive fabaie: sample before
washing; b — sample after 7 wash cycles

The analysis showed that the width of the embrgiddementCSc was
mostly influenced by the higher number of wash eg@nd application of higher
stitch density. When the embroidery element is madmg higher density
stitches, 4.5 stitches/mm, in most cases the comtalth CS; in the diderction
of warp after the exploitation processes was grahta the designed value, and
varied in the direction of weft. It was found thatgeneral, the contour width
CS¢ , which is closest to the embroidered contour wid8) @as obtained in the
elements accomplished on fabric A2 in the directbrvarp after 1 and 3 wash
cycles. During exploitation cycles, the embroidemdtems are affected by
various mechanical forces in different directiorfstioe fabric, they swell -
resulting in irreversible changes in their surfateggpe and properties.

The investigation showed that after exploitatidrg €lectrical conductivity
and contour width of electrically conductive emldery elements appeared to
have differences in different exploitation condittoand changed depending on
the parameters of technological mode, selectiorelement size and fabric
direction. The linear dependence between electresiktivity and exploitation
cycles with correlation coefficient up ®&«s = 0.96, which was revealed in the
investigation, shows that the exploitation procedsave a great influence on the
electrical conductivity of the elements. The perfed analysis showed that the
higher the electrical conductivity of the elemenatsd the size of the element
contour widthCS¢ closest to the designed one, was identified omefs
accomplished on fabric A2, where filling indexes &igher by up to ~ 28 %
the direction of warp, up to ~ 37 % in the direoticof weft, and the generalis
from ~ 1.4 % to ~ 6.9 % higher than those of ofimwestigated fabrics. As a
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result, the elements made on this fabric showed lbet indicators of
functionality and geometrical parameters afteretgloitation process.

CONCLUSIONS

1. The analysis of the results showed the differenédsngth and width of the
embroidery elements under the same conditions diépgron the type of
filling and the direction of the embroidery elemémtrelation to the fabric.
In the case of the embroidery element with fillilgge Z, the obtained length
in all cases is less than the designed length (to/9%6), and in the case of
filling type T, the obtained embroidery element length is gretitan the
designed one (to~ 1.5 %).

2. The investigation found that the width of the elemembroidered with
filling types Z andT, compared with the designed element width, diféerd
may vary from ~ 5 % to ~ 20 %. In all the investaghcases, the obtained
width of embroidery elements is less than the desigvidth of the element.
In most cases, the width of the element embroidevigd filling type T is
closer to the designed one than that of the emeredielement with filling
typeZ.

3. The investigation showed the strong linear depeceldi¥s, iki ~ 0,99)
between the width of the embroidery element andetihbroidery speedn
general, the obtained length and width of sampléshe embroidery
elements accomplished on the denser fabric A2 avidrger surface density
are closer to the designed one than those of eksnaenomplished on other
fabrics.

4. A strong correlation between fabric filling indexasd changes in contour
width of the embroidery element has been determiiiée obtained linear
inverse dependence {ii ~ 0,80)showed that the technological parameters
and properties of fabric structure determine thactien of systems of
embroidered elements to external influences andigiom. The contour
width of the embroidered element closest to thegtes size was obtained
on fabric A2 at an embroidery speed of 1200 ising filling typeT in the
direction of warp.

5. It was determined that the investigated geometpashmeters, the outer and
inner widths are different for the fabric yarn st The investigation found
that irrespective of the width of the contour irttbdirections of the fabric
yarn, the outer width of the element in all cases warrower at the corners
than at the center of the sides and does not rheaddsigned size by up ~
6.5 %

6. The reliability of the investigated measuremenhiggue for closed-circuit
square-shaped embroidery elements applied for sisalyf geometrical
parameters is directly related to the measuremeartdertainty, which
objectively reflects the spread of component valitesas found that, in the
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10.

11.

12.

case of material characteristics defined using ttiethod and intended for
measuring of contour width of embroidered elemeninf6 mm to 22 mm,
the typical negative error is ~ 2.4% with an expgahdncertainty of ~ 3.3%.
The analysis of the effect of the combined standskrtainty components
on the measurement result has shown that partiattkmtion should be paid
to the preparation of the sample and the measuteaighe width of the
embroidered closed contour element, depending endihection fabric
yarns. The components of this uncertainty makescxppately ~ 65% of
the total standard uncertainty.

The investigation found that after the first waslcle the electrical
resistivity of embroidery elements reduced from 26 to ~ 245 %
compared to the non-washed samples, and aftehtfig fifth and seventh
wash cycle the electrical resistivity increasedupyto ~ 28.1 %. In all
cases, the obtained strong linear dependentg (KR ~ 0,96) between the
electrical resistivity and exploitation cycles stow reduction of electrical
conductivity with the higher number of wash cycles.

After analyzing the functionality of the elementsdathe accuracy of their
geometrical parameters, it was found that the mininelectrical resistivity
0.23 ), and the contour width closest to the designeal (6n1.8% higher)
were obtained when the contour width of the elesmevdas 14 mm and the
density was 4.5 stitches/mm. The investigation gtbthat the functionality
and geometrical parameters of the elements aretaffdy the same factors
of technological process, i.e. contour width aritistdensity.

During the investigation the highest electrical doctivity was determined
when the contour width is larger (14 mm), and thitcts density is 4.5
stitches/mm. Strong linear dependencéy (fki ~ 0,81) between fabric
filling indexes and electrical resistivity showstHabric characteristics have
a significant influence on the functionality of takements.

The performed analysis showed that after exploitatithe strongest
electrical conductivity of the elements and thetoan with closest to the
designed one was obtained in the elements accdmaglisn fabric A2, with
filling indexes in the direction of warp by up to28 % and in the direction
of weft ~ 37 %, with the total filling indicatordm ~ 1.4 % to ~ 6.9 %
higher than those of other investigated fabricg fam this reason; features
of functionality and geometrical parameters of #diements accomplished
on this fabric were the best after the exploitafioocess.

The research showed that in order to obtain preslsetrically conductive
embroidery systems it is recommended to use adillype with denser
stitches. When the embroidery elements are filléth viigher density
stitches of 4.5 stitches/mm and contour widths@ram or 14 mm, in all
cases the electrical conductivity is higher tha@ ¢hements with a filling
density of 3 stitches/mm. The obtained resultsaatbthat the conductivity
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13.

of 14 mm contour width embroidery elements was fren34 % to ~ 61 %
higher that those of 6 mm contour width. In thisesathe detected electrical
resistivity was from 0.59 to 0.80Q.

Taking into account the results of the researck, ahcomplishment of
embroidery elements requiring high precision onseefabrics with higher
filling characteristics (recommended close to 03 filing index) is
recommended. The higher filling rates in densermi¢abprevent fabric
compression between introductions of a needle witibroidery threads in
the confined space and the twisting of the fabeeng in relation to each
other, thus ensuring a decrease in the contourhwadtthe embroidery
element compared with the designed width.
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REZIUM E

Tekstiks bei aprangos sektoriaus ir siwjimo sisteny gamybos gitra
yra restrukdirizuojama ir modernizuojama. Stipri konkurencijaintéantys
vartotoy poreikiai, inovatywi produkty paklausa, trumpalaikiai susitarimai su
klientais, digdjantis ctmesys Ziniomis paremtai visuomenei, skatina sityin
sisteny gamintojus greitaisisavinti naujas technologijaskaitant informacines,
bei siekti it pirmaujargiais kuriant naujus gaminius. Elektrai laid&iuvinety
sisteny pritaikomumas ir gtra yra neasiejamas nuo iSmgni tekstiks
technologij kirimo. Naujausios iSmaniosios siuvinos sistemos geba priimti
mobiliuosius signalus, kontroliuoti sveikatosivfy persgti esant pavojui,
matuoti kraujospd; ir kt.

Siuvinéty sisteny defekty susidarymas yra problema, su kuria susiduriama
technologiniuose procesuose paveikus telsstihedziag mechaniskai, kai ji
buna spaudziama, gniuzdoma, tempiama, lenkiama igydgkarty perduriama
adatos smaigalio. Priklausomai nuo technologiniocpso paramajr apkrow
pobidzio, dygsny atlikimo technologijos ir medziag savyby, siuvirtty
elemeny forma, sandara, geometriniai parametrai, mechkaniin fizikinés
savyles pakinta. Bl to, tiriant siuvirety sisteny kokylbe ir funkcionalum
lemiartius veiksnius, teksttb medziag deformacij; vertinimas turi itin svarhi
reikSne. Pastaruoju metu mokslininkai pegol dometis Sia problema, tau, ji
vis dar rera taip pldiai tiiama, o iSsamj paties siuviato elemento ir jo
kokybes analizy pasigendama.

Technirese srityse vis plaau naudojamos elektrai laidzios sistemos:
jutikliai, priimantys, fiksuojantys ir perduodantgplinkos signalus, laidininkai
skirti elektronigms grandigms kaip apsauga nuo susidatiarstatinio kivio ir
kt. Elektrai laidis siilai tekstikje gali biti keliy raSiy: su laidzia danga, su
laidziu uzpildu ir visiSkai elektrai laih siilai. J3 mechanig elgsena artima
tekstiliniy sialy elgsenai, bet jie turi ikumy: jy pavirSiaus strukira Siurksti,
todkl yra pakankamai Siurkés. Norint, kad bty iS karto gauta kokybiSka ir
funkcionali siuvireta sistema, t. y. gauti siuvéto elemento tiks}§j formg, svarbu
jvertinti technologinio proceso veiksnius, siwtm elemento padj audinio
krypties atzvilgiu, siuviatos sistemos medZiagtrukfirg ir savybes.

Kuriant iSsiuviretas tekstilines ,,elektronines” sistemas daznadapumi
kvadrato formos siuvitti elementai, kuriems talingos geros elektrostadis
savyles. D¢l pamirgty savybi; rekomenduojama, kad Sie elementatiybtaikyti
gaminant nesiojam dipoliy antenas ir jutiklius. Siuvitty elektrai laidzy
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sisteny funkcionalumas ir jo ypatumai yra itin @lai nagrirgjami mokslininkg
darbuose. T@au akcentuotina tai, kad daugiausia Sie tyrimamapsiuvirety
sisteny atlikimo ypatumus, o technologipiveiksniy jtaka siuvigto elemento
geometriniams parametrams, kokybei ir funkcionalundua tirta. Tai rodo, kad
siuvinety sisteny atlikimas ir j kokyke, funkcionalumas yra aktuali,
reikalaujanti iSsani, sistemos komponanir jy charakteristily jtakos kokybei,
analizy. Jvertinus esamsituacip galima teigti, kad yraiina atlikti siuviréty
sisteny kokybei jvertinti naujus tyrimus, kurie leigtkompleksiSkaijvertinti
siuviréty sisteny funkcionaluna.

Temos aktualumas

Siuviréty sisteny gamintojai, atsizvelgdami vartotoy poreikius ir
konkurencingas rinkosalygas, turi garantuoti aukftgaminamos produkcijos
kokybe per vig dévejimo laikotarg. Siuvirety elemeny tikslumas,
patikimumas, iSvaizda,édimosios savyks ir funkcionalumas turi dideljtaka
siekiant aukStos gaminio kok§h Disertaciniame darbe nagijiamas siuviaty
elemen geometrinij paramety atitikimas projektuotam dydziui ir elektrai
laidziy uzdarojo koritro siuvirety elemeng laidumas analizuojant proceso
technologinius parametrus, audinio fizikines saweylreeksploatacij. Atliktas
tyrimas leidzia, priklausomai nuo audinio sandacbarakteristily, kiekybiSkai
jvertinti uzdaro koritro siuvirety elemeng neatitikiny suprojektuotam dydziui
ir jo funkcionalum. Sis tyrimas naudingas siekiant sukurti ir tobtilpazangius
technologinius procesus, prie§ tai nustatawdiriy defekty prieZastis bei
tobulinant esamus ar sudarant naujus, siyigamini; kokybes reikalavimus ir
standartus.

Darbo tikslas
IStirti ir nustatyti audini sandarogtaky siuviréty elemeng kokybei bei
funkcionalumui.

Darbo uzdaviniai:
1. jvertinti audiny sandaros ir siuvilimo proceso technologini paramety
itaky siuvinéto elemento formos atitikimui suprojektuotam dydiziu
2. iSanalizuoti kvadrato formos uzdaro komd siuvintty elemeng
geometrinius parametrus leméuns veiksnius irjvertinti tyrimo metodo
neapibeztj;
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3. nustatyti siuvigjimo proceso technologigi paramety jtaky kvadrato
formos uzdaro komfo siuvirgto elemento geometriniams parametrams ir
elektriniam laidumui;

4. iSanalizuoti eksploatacijos veiksgnitaka elektrai laidaus siuvirio elemento
geometriniams parametrams ir laidumui.

Darbo naujumas

Mokslinés literatiros Saltiniuose, siuvity sisteny kokyhbe daZniausiai
apraSoma tik vizualiajvertinus element o iSsamesni tyrimy, tokiy kaip
tekstiks medziag savybi ir technologiniy paramety tyrimy siuvirgty element
geometriniams parametrams ir funkcionalumui, pasigena. Funkcionali
siuvirety elemeny kokybés reikalavimuose form tikslumas yra vienas i$
svarbiausi reikalavim;. Tam labai svarbu parinkti tiek reikiamsavyby
tekstiks medziagas, tiek tinkamus technologinius parametkiacentuotina tai,
kad siuvirety ir elektrai laidzi siuviréty elemeng neatitikimas projektuotam
dydziui, formy deformacija, sily slydimas, santrauka ir kiti defektai iSrygk
dazniausiai, tod ypatingas dmesys turi bti skirtas defektus lemiantiems
veiksniams analizuoti.

Darbe, jvertinus audinj savybes ir proceso technologinius parametrus,
atlikti siuvinéty uzdaro koniro elemeni geometrini paramety tikslumo
tyrimai, taip pat atliktas siuvity elemeny geometring paramety tyrimo
metodo neapildZties vertinimas. Kiekvieno siuwio elemento komiro
iSplestine neapibéztis taip pat apska&iuota naudojantMonte Carlo metod.
Darbe iStirta ir iSanalizuota siuviimo proceso technologiniparamety jtaka
siuvinéto elemento elektriniam laidumui. Taip gaertinta siuvigjimo proceso
grekio jtaka siuvitty elemeny geometrini paramety charakteristikoms.
Disertaciniame darbe iStirta ir i5analizuota ekagdgijos veiksnj jtaka elektrai
laidaus siuviato elemento laidumui ir geometriniams parametramgimy
metu jvertinama kontro plcio ir eksploatacijosjtaka siuvity elemeng
laidumui.

Darbe atlikti tyrimai leidzia, priklausomai nuo ani sandaros
charakteristily ir eksploatacijosjvertinti uzdaro korniro siuvirety element
geometrinius parametrus ir funkcionaluirei gali kiti naudingi nustatarivairiy
defekyy priezastis ir sudarant naujus siwtin gaminiy reikalavimus ir
standartus.
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ISVADOS

1.

Atlikta rezultat; analiz paro@, kad siuvigty elemeny ilgis ir plotis esant
vienodoms glygoms skiriasi priklausomai nuo uzpildymo tiposiuvinéto
elemento krypties audinio atzvilgiu. Kai siuvias elementas yra atliktas
uzpildymo tipu Z, visais atvejais ilgis gautas mazZesnis nei SuRtofo
elemento ilgis (iki ~ 1,7 %), o siuvjant uzpildymo tipuT, siuvinsto
elemento ilgis gaunamas didesnis nei suprojektydtas- 1,5 %).

Nustatyta, kad iSsiuvitio Z ir T uzpildymo tipais elemento plotis, lyginant su
projektuoto elemento pdtu, néra vienodas ir gali skirtis nuo ~5 % iki
~ 20 %. Visais tirtaisiais atvejais siuetg elemeng plotis gautas mazesnis
nei suprojektuotas elemento plotis. Daugeliu atvapvingjant uzpildymo
tipu T, siuvinéto elemento plotis gaunamas artimesnis projektuoteain
siuvingjant uzpildymu tipuz.

Tyrime gauta stipri tiesin priklausomy (R’ iki ~ 0,99) tarp siuvisto
elemento pldio ir siuvingjimo greiio. Apibendrinant gauta, kad ant
tankesnio, didesnio pavirSinio tankio audinio ARka bandini, siuvirety
element ilgis ir plotis gauti artimesni projektuotam dydginei elemen,
atlikty ant kity audiny.

Nustatyta, kad yra stiprus rySys tarp audinio ugito rodikliy ir siuvinéto
elemento koritro plctio pokyio. Gauta tiesié atvirksStire priklausomytg
(R? iki ~0,80) parod, kad technologiniai parametrai ir audinstrukiiros
savyles glygoja siuvirety elemeny sisteny reakcip j iSorinj poveilf ir
tikslumg. Artimiausias suprojektuotam dydZiui siugio elemento koriro
plotis gautas audinio A2, esant siwjimo greiiui 1200 aps/min ir
siuvingjant uzpildymo tipul metmen kryptimi.

Nustatyta, kad uzdaro kamb kvadrato formos tirti geometriniai parametrai:
iSorinis ir vidinis pl@iai, audinio sily sistemos atzvilgiu yra skirtingi.
Tyrimu nustatyta, kad nepriklausomai nuo kwaotplogio, abiejomis audinio
sialy kryptimis siuviréto elemento iSorinis plotis visais atvejais tieadtiniy
kampais siauresnis nei ties kradfiniduriu ir neatitinka projektuoto dydzio
iki ~ 6,5 %.

ISanalizuoto siuviéty uzdaro konitro elemenj matavimo metodo, taikomo
geometrini paramety tyrimui patikimumas tiesiogiai siejamas su matavim
neapibeéztimi, kuri objektyviai atspindi dedaupy veriy sklaid. Nustatyta,
kad esant apibztoms medZziag charakteristikoms Siuo metodu, skirtu
iSsiuvireto kontiro plogiui matuoti nuo 6 iki 22 mm, dainga neigiama
paklaida ~ 2,4 % su iSgtine neapiliztimi ~ 3,3 %.

Kombinuot, standartini neapibézties komponent poveikio matavimo
rezultatui analiz paro@, kad ypatingasd@nesys turi bti skiriamas bandinio
paruoSimui ir siuvidto uzdaro kontro elemento pléio matavimui,
priklausomai nuo medziagosikj orientacijos krypties. Sios neapibties
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dedamosios vidutiniSkai sudaro apie ~65% bendr@andartinio
neapibéztumo.

Nustatyta, kad po pirmojo skalbimo siutin elemeng elektrire varza,
lyginant su neskalbtais bandiniais, sugjazuo ~ 2,5 % iki ~ 24,5 %, o po
trijy, penkiy ir septyniy skalbimy elemeng elektrine varza padiéjo iki ~
28,1 %. Visais atvejais gauta stipri tigsipriklausomyl (R iki ~ 0,96)
tarp elektrigs varZos ir eksploatacijos aklparodo, kad, esant didesniam
skalbimo cikl skatiui, elektrinis laidumas suméaja.

ISanalizavus elementfunkcionalum ir jy geometrinij paramety tikslumg
nustatyta, kad maziausia eleké&iwvarza 0,23 Q) ir artimiausias komiro
plotis projektuotam dydziui (~ 1,8 % didesnis) galti elemeni kontiro
plotis 14 mm ir tankumas 4,5 dygs/mm. Tyrimas péydkhd siuvirty
elemeng funkcionalumui ir geometriniams parametrams déakg tie patys
technologinio proceso veiksniai, Siuo atveju koat plotis ir dygsnio
tankumas.

Tyrime didziausias elektrinis pralaidumas nustatyteai kontiro plotis yra
didesnis (14 mm) ir dygspi tankumas 4,5 dygs/mm. Stipri tiesin
priklausomyls (R% iki ~ 0,81) tarp audinio uzpildymo rodikliir elektrincs
varzos rodo, kad elementfunkcionalumui audinj charakteristikos turi
didek reikSne.

Atlikta analiz paroa, kad po eksploatacijos stipriausias elemesiektrinis
laidumas ir artimiausias kamb plogio dydis projektuotam gautas elemgnt
atlikty ant audinio A2, kurio uzpildymo rodikliai metmerkryptimi iki ~
28 %, ataud kryptimi iki ~ 37 %, bendras uZpildymo rodiklis au- 1,4 %
iki ~ 6,9 % didesni nei kit tirtyjy audiny ir dél to Sio audinio element
funkcionalumo ir geometrigi paramety po eksploatacijos proceso rodikliai
geriausi.

Tyrimas parod, kad tikslioms, elektrai laidZioms siudtoms sistemoms
gauti, rekomenduotina daugiau naudoti tankeghigsniy uZpildymo tip.
Kai siuvinety elemeng plotas uZpildytas didesnio tankumo 4,5 dygs/mm
dygsniu ir kontiro plogiai 6 mm, 14 mm — visais atvejais elektrinis laicasn
didesnis nei elememt uzpildyty 3 dygs/mm tankumu. Gauti rezultatai
paroct, kad siuvigty 14 mm koniro plctio elemeng uzdaros siuviétos
grandires laidumas gautas nuo ~34 % iki ~61 % didesnip l&a mm
kontiro plasio elemeng laidumas. Siuo atveju elektéirvarza nustatyta nuo
0,59Q iki 0,80 Q.

Atsizvelgiant | tyrimy rezultatus rekomenduojama siudns elementus,
kuriems reikalingas didelis tikslumas, atlikti ateinkiy audiniy, turinéiy
didesnius uZpildymo rodiklius (rekomenduojama amén®,9-1 uZpildymo
rodikliui). Tankesniuose audiniuose, tufimose didesnius uZpildymo
rodiklius, iSvengiama audinio gniuzdymo tarp adatiisiy Siuvirgjimo
sitlais apribotoje erdyje ir audinio siily persislinkimo vienas kito atzvilgiu,



todél uztikrinamas siuviéto elemento komro plogio sumagjimas lyginant
su suprojektuotu.
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