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INFLUENCE OF TECHNOLOGICAL PARAMETERS ON
THE BASIS WEIGHT OF ELASTICIZED FABRIC

Purpose. The study of the influence of knitting technological parameters on the structure
and the basis weight of elasticized warp knitted fabric for the rehabilitation and prevention goods
manufacture.

Methodology. The mathematical planning of an experiment, standard test methods of the
knitted fabric, as well as statistical methods for processing and analyzing of an experimental data
were used to achieve this goal.

Results. The regression dependences between the knitting technological parameters and the
properties of knitted fabric were obtained based on the planned and conducted experiment. The
tension of the ground yarn, the linear density of the weft thread and the preliminary elongation of
the elastomeric thread were chosen as input factors. The dependences determine the influence of
the selected factors on the structural characteristics of elasticized warp knitted fabric, especially its
basis weight.

Scientific novelty. Mathematical models for prediction the basic structural parameters and
the basis weight of warp knitted elasticized fabric are proposed based on the following
technological parameters of knitting: the tension of the ground yarn, the preliminary elongation of
the elastomeric thread and the linear density of the weft inserted yarn.

Practical value. The research results increase the knowledge of the effect of knitting
technological parameters on the material consumption of elasticized warp knitted fabric of filling
interlooping and can be used at the design stage of rehabilitation and prevention goods to provide
high quality.

Keywords: technological parameters of knitting, structural parameters, elasticized warp
knitted fabric, elastomeric thread, medical textile.

Introduction. Resent decades the range and scope of medical textiles are significantly
expanded worldwide. There are several reasons for this. The main one is: significant increase of
requirements for social welfare and environmental safety rights [1]. Other important thing is the
rapid development of basic research in chemistry, physics, biology, and in engineering and applied
science. The choice of fiber composition, structural features and production technology of medical
textile is determined by its functionality and specific requirements for materials and products for
various purposes.

Elastic compressing and fixing goods are identified as a separate group of medical textiles
[2]. This group includes elastic bandages, abdominal binders, posture correctors, corsets, recliners,
etc. The design of products [3, 4] and their design features [5] are the topic of number of studies
carried out. The analysis of physical-mechanical and hygienic properties of abdominal bandages at
the Ukrainian market and the elastic bands used for their production are another topic of the
research publication in this field [6, 7]. The main attention during design of new elastic fabric for
rehabilitation goods is paid to such physical-mechanical properties as extensibility and deformation
characteristics, since they provide the basic functional properties of the medical compressing goods.

On the other hand, the materials consumption and resource-saving is the main task of
today’s economy. The resources cost is being reduced as result of scientific and technical activities
using the new energy saving technologies and new types of equipment, and introduction the low-
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waste processes and sustainable methods for raw materials use. The reducing of materials
consumption is the result of a successful technology or design and proper account of social,
functional and ergonomic requirements. Thus the design of elasticized fabric which would reduce
the raw material consumption throughout the combination of the structural parameters and physical
and mechanical properties is an actual task.

Objectives. The aim of this research is to create the elasticized knitted fabrics and to
investigate their structural parameters as well as to establish the properties dependence on basic
knitting parameters. The warp knitting has been chosen for fabrics manufacturing as the most
productive way. Modern warp knitting equipment [8] provides an interlooping variety for high-
quality fabric.

Research results. Elasticized warp knitted fabrics was an object of this research. The chain
with closed loops is the ground interlooping. The elastomeric thread is laying walewise at each
wale. The weft filling yarn is using for connection the separate chains into fabric. The weft yarns
are laying on both sides of elastomeric threads to cover them better. The weft guides movements are
in opposite direction to prevent the buckling.

All samples were made on a 15 gauge TCH Crochet Knitting machine [9]. The polyester
yarn 16.7 tex was used as ground and the polyester yarn 33.4 tex was used as weft. The
polyurethane with 0.8 mm diameter has been used as elastomeric thread. The number of using
needles are 150 that provides 240 mm fabrics wide.

In order to research the influence of technological parameters on the properties of fabric
three factors have been chosen: x; - the linier density of weft inserted yarn; X, - the tension of the
ground yarn; xs — the pre-elongation of elastomeric thread (Table 1). The linier density of weft
inserted yarn has been changed by yarn ends (k) that inlaying at each side of fabric: 2, 3 or 4. The
tension of ground yarn has been changed by the additional load (g) on the yarn: 2, 6 or 10 g. The
pre-elongation of elastomeric thread (¢) has been fixed at 210, 240 and 270 %. 27 variants of
elasticized warp knitted fabric have been produced totally (Table 2).

Table 1
Experimental Conditions
Additional load on Pre-elongation of
Weft yarm ends, k the ground yarn, q, g elastomeric thread, €, %
Factors level X1 X2 X3
Low (-1) 2 2 210
Middle (0) 3 6 240
High  (+1) 4 10 270
The variation interval 1 4 30

The structural parameters are the main characteristics that affect the basis weight at other
equal conditions. Therefore, the number of wales and courses per 100 mm as well as fabric
thickness have been tested according standard methods [10]. The ten parallel measurements were
made for each option, which average values are presented in Table 2.

Experimental results have shown that the number of wales per 100 mm of knitted fabric
(horizontal density) varies slightly with the changing of elastomeric yarn pre-elongation. So, the
number of wales per 100 mm is 62-63 for fabric made with 270% pre-elongation, while it is 64 for
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fabric made with 210% pre-elongation of elastomeric yarn that laid walewise. Mathematical
processing of experimental data has revealed no adequate regressions describing the process. The
filling interlooping on the chain base have been chosen for elasticized fabric production. In this case
the loop step, which is the inverse characteristic of Ny, is defined by the machine gauge. It is logical
that all fabric samples have a practically the same value of the number of wales per 100 mm of the
knitted fabric since they are made on the same knitting machine with the same fixed tension of the
weft filling yarn. The difference in measurement results that does not exceed 3% can be attributed
to the measurement error.

Table 2
Structural parameters of warp knitted fabrics
. Conditions Number per 100 mm Thickness, | Basis weight,
Variant
X1 X2 X3 wales, Ny, courses, N¢ T, mm ms, 9/sq.m
1. + + + 62 87 1.58 912.9
2. - + + 64 104 1.43 792.5
3. + - + 61 91 1.66 957.5
4. - - + 64 105 1.45 817.9
5. + 0 + 62 90 1.60 943.2
6. - 0 + 62 106 1.42 812.8
7. 0 + + 62 96 1.54 894.6
8. 0 - + 63 97 1.50 887.8
9. 0 0 + 63 96 1.50 864.7
10. + + 0 64 87 1.60 948.8
11. - + 0 64 100 1.42 793.8
12. + - 0 63 90 1.64 979.7
13. - - 0 64 102 1.43 809.1
14, + 0 0 63 88 1.60 958.2
15. - 0 0 64 101 1.42 806.6
16. 0 + 0 64 96 1.54 883.2
17. 0 - 0 63 96 1.52 901.4
18. 0 0 0 64 94 1.52 893.0
19. + + - 64 86 1.60 935.1
20. - + - 64 98 1.40 788.1
21. + - - 64 90 1.68 973.5
22. - - - 64 101 1.46 810.9
23. + 0 - 64 88 1.63 952.6
24, - 0 - 64 99 1.44 795.9
25. 0 + - 63 95 1.56 906.2
26. 0 - - 64 93 1.53 881.8
217. 0 0 - 64 93 1.50 881.2

As regards to the number of courses per 100 mm of knitted fabric, a wide spread of data
from 86 to 106 (table 2) is observed. The regression dependences were obtained as a result of
mathematical processing of the experimental data. The regression dependences on two parameters
for a fixed value of third factor that adequately reflect the dependence of N. on the variable process
parameters are presented in Table 3. It is observed that the number of courses per 100 mm of
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knitted fabric (vertical density) depends on all three factors xi, X, and xs, but their effects are
different.

It is obvious that the number of weft inserted threads has the greatest influence on N that
is, the linear density of the weft yarn is very important factor. When it is doubled (from 2 to 4 ends),
the number of courses per 100 mm of the knitted fabric decreases by 12-15%, which is directly
related to the increase in the loop height to the positioning of weft threads.

Table 3
Regression Dependences

Fixed factors level Number of courses per 100 mm Thickness, mm
£€=210% N.=111,8-58k-0.2q T=1,242 + 0,102 k - 0.004 q
£=240% N.=1146-6,2k-0,2q T=1,223+0,097 k
e =270% N.=119,7-7,7k T=1,235+0,089 k

q=2g9 N.=1058-6.2k+0,03 ¢ T=1,208 + 0.108 k
q= 69 N.=68,7+28k+0,2¢-0,04ke T=1,236 + 0.092 k

g=10g N.=81,0+0.3k+0,14¢-0,03k e T=1,240 + 0.091 k
k=2 N.=82,0+0,08¢-0,2q T=1,418
k=3 c=84,7+0.04¢ T=1,550-0.005q
k=4 N.=84,0+0,03¢-0.4q T =1,656 - 0.008 q

The effect of the pre-elongation of the elastomeric thread on the vertical density of knitted
fabric is directly related to the linier density of weft inserted yarn. Thus, for fabrics with two yarn
ends (k = 2), the pre-elongation change from 210 to 270 % leads to an increase of the vertical
density by 5 %, while for fabrics with k =3 or k = 4 the number of courses per 100 mm increases
by 3 % only. This is due the fact that the relaxation processes of elongated elastomeric threads
occur better conditions in knitted structure with a smaller number of threads as the weft. In such
structure, the chain loops of wale are tilted in opposite direction at neighboring courses and the loop
slope to the vertical increases with relaxation degree of elastomeric threads.

The tension of the ground yarn has the least influence on the number of courses per 100 mm
of fabric (vertical density). The change of additional loads from 2 to 10 leads to a decrease in the
number of courses N¢ by 1.5-3.0% only, which is associated with a change of the loop length. But
due to loops slope changing the loop length leads to a change of the slope angle and not the height
of the course. It should be noted that the effect of this factor was not fixed when pre-elongation of
the elastomeric threads was 270%. In this case, the loop configuration depends on the relaxation
degree of the elastomeric thread only and not on the tension of the ground yarn itself.

The thickness of knit is an essential factor determining the performance of elasticized
fabrics, and their raw material consumption particularly. The regression equations which adequately
describe the process under study have been obtained based on the mathematical processing of the
experimental data (Table 3). It is obvious and predictable that the thickness of the fabric depends on
the linear density and the number of weft threads. The doubling of the linear density (from 2 to 4
yarn ends) of the weft leads to an increase by 15% the fabric thickness. As a result of the studies, it
has been established that the pre-elongation value of the elastomeric thread does not affect the
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thickness of the elasticized fabrics, which indicates an equal degree of its relaxation in the knitted
structure: the thickness of the elastomeric yarn is the same for all fabric variants.

The influence of the ground yarn tension on the fabric thickness is directly related to the
weft inserted threads. With an increase in the number of threads in the weft as the pre-tension of the
ground yarn increases, the thickness of the elasticized knitted fabric is varying: there is no change
for k =2; the thickness decreases within 3 % for k =3, and the thickness decreases by 5 % for
k = 4. It can be assumed that with decrease of the loop length, which occurs due to the increase of
the additional weight on the thread, the loop is tightened and it presses the weft yarns to the
elastomeric thread that laid longwise. When using 3 and 4 threads as a weft, they can position in
several modes, which will depend on the loop size. When using 2 ends of weft yarn, they are
arranged one above the other anyway.

Previous studies [7] have detected that the above indicators determine the basis weight of
knitted fabrics in one or another way. Ehe mathematical dependences of the basis weight of knitted
fabrics on technological factors were obtained by mathematical processing of the experimental data

(Table 2). The graphical representations of dependences are showed on Fig.1 for a fixed value of
one of the technological parameters X3, X, Or Xs.
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Fig. 1. Basis weight dependences

Obviously, the number of yarn ends in the weft (Fig.1.a-f) has the greatest influence on the
basis weight of the elasticized knitted fabric. Reducing the ends number from 4 to 2 leads to a
significant (up to 20 %) reduction of the fabric weight, which naturally and without doubt. In some
cases, the effect of the pre-tension of the ground yarn (q) on the basis weight has been revealed.
This influence is very insignificant: a change of the additional load on the filament from 2 to 10 g
leads to a decrease of the basis weight by 3 + 4 % only (Fig.1.b, c, g), and by 5 % in case of using 4
yarn ends in the weft (Fig.1.i). Such influence of the tension of the ground yarn occurs by changing
the loop length of the chain interlooping. As for the pre-elongation of the elastomeric threads (g), no
effect on basic weight of elasticized knitted fabric has been established in this study.

It should be noted that the elasticized knitted fabric has the smallest basis weight when only
2 yarns ends are used as the weft and the additional load on the ground yarn is 8 + 10 g. From 0.25
to 0.35 m? of elasticized fabric is used for one abdominal binder production. Consequently, the
using of fabric with up to 800 g / m? basis weight instead the traditional 900 + 1000 g / m? leads to
an average decrease the items weight by 50 g.

Conclusion. Design of elastic materials for medical purposes is aimed not only at improving
the structural and functional properties, but also at reducing the material consumption as well as the
items weight. It has been established as a result of the study that the linier density of weft inserted
yarn has the greatest influence on the characteristics of knitted fabric, especially on the basis weight
of fabric. Twice increase of linear density leads to increase by 15% the number of courses per 100
mm as well as the fabric thickness and by 20% the basis weight. The influence of the tension of the
ground yarn and the pre-elongation of elastomeric thread does not exceed 5%. Therefore, in order to
reduce the material consumption, it is necessary to reduce the linear density of the weft yarn, which
used as a binding element and as the cover to prevent the elastomeric yarn contact with the human
body also.
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BJIMAHUE TEXHOJOI'MYECKHUX ITAPAMETPOB HA ITIOBEPXHOCTHYIO
IIVIOTHOCTD 3JJACTUYHBIX TIOJOTEH
KM3UMYVK E.II., MEJIbHUK JIL.M., JIIXOBA B.P., 'YBAP N.U.

Kuesckuii hayuonanvhsiil yHusepcumenm mexHoao2uil 4 Ou3atiia

Ilens. M3yuenue enusnus MEXHOIOSUYECKUX NAPAMEMPOS8 6A3AHUS HA CMPYKMYpY U
MamepuanroemMKocmy OCHOBOBA3AHO20 INACMUYHO20 MPUKOMAXCa OJisl U320MOGNEHUS. U30enUll
PeaburumayuoHHO20 HA3HAYEHUS.

Memoouka. J{na  Oocmudicenus  NOCMABIEHHOU  Yeau  UCNONb308AHbL  Memoobl
MAMeMAmMuyecKkoe0 NIAHUPOBAHUS  IKCNEPUMEHMA, CMAHOAPMHblE MemoObl  UCCIe008AHUS
napamempog CmpyKmypbvl MpUKoOmanxcd, a makice cmamucmuyeckue memoosvl 00padomru u
AHANU3A IKCNEPUMEHMATbHBIX OAHHDIX.

Pesynomamul. Ha ocHosanuu CniaHupo8aHHO20 U NPOBEOEHHO20 JKCNepumMenmad, 8
KOMOPOM 6 Kauecmee 6XOOHbIX (Dakmopog Obliu GblOPAHbl HAMANCEHUe 2PYHMOBOU HUMU,
JIUHENHAs NJIOMHOCMb NONEPEYHOU YIMOYHOU HUMU U npedsapumenvroe YOIuHeHue 31acmomMepHou
HUMU, NOJYYeHbl MamemMamuyecKue 3a8UCUMOCTU, NO360IAI0WUe ONpedeums Cmenets GIUsHUs
BbLIOPAHHBIX  MEXHONO0SUYECKUX NAPAMEempos8 6A3aHUs HA CMPYKMYPHble XAPAKMEPUCMUKU
MPUKOMANCca, 0COOEHHO €20 NOBEPXHOCHMHYIO NJIOMHOCb.

Hayunasa mnoeusna. Ilpeonosicenvt mamemamuyeckue mooenu O HPOEKMUPOBAHUsL
OCHOBHbLIX NAPAMEMpPO8 CMPYKMYPbl U NOBEPXHOCMHOU NIOMHOCIU OCHOB0BA3AH020 INACMUUHOZO
MPUKOMAACA, 8 OCHOBY KOMOPLIX NOLOHCEHbI CedyIoujue MexHoI02UYecKue napamempol 6A3aHUL:
HamsiceHue 2pyHmosol Humu, npeogapumenvhoe YOJIUHeHUe 1ACMOMEPHOU HUMU U JTUHelHAs
NJIOMHOCIb HONEPEYHOU YMOYHOU HUMU.

Ilpakmuueckasa 3nauumocmes. Illonyuennvle pe3yrbmamvl UCCAEO08AHUS  PACUUPSAION
3HAHUSA O GIUAHUU MEXHOIO02UYECKUX NAPAMEMPO8 6A3AHUA HA MAMEPUATOEMKOCIb OCHOBOBA3AHBIX
NACMUYHBIX  NOJOMEH YMOUHO20 Nepenjiemenus U MOZYm UCHOIb308AMbC HA  dmane
NPOEKMUpOBaHUsi peabuUIUMayuoHHbIX U30enusi obecneyusdas npocHo3upyembvie NOKA3amenu
Kayecmea.
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Knrouesvie cnoea: mexnonocuueckue napamempwvl 6:A3aHUSA, NApaMempvl CMPYKmMypbl,
OCHOBOBA3GHbIL INACMUYHBIU MPUKOMANC, INACTNOMEPHASI HUMDb.

BIIJIMB TEXHOJIOTTYHUX ITAPAMETPIB HA ITIOBEPXHEBY I'VCTUHY
EJACTUYHHUX ITOJIOTEH
KM3UMYVYK O.I1., MEJIbBHUK JI.M., JIIXOBA B.P., I'VBAP LL

Kuiscoxuil nayionanbruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. Bcmanoenenns 6naugy mexXHONOSIYHUX NAPAMEMPIE 6 A3aHHA HaA napamempu
CMpPYKmypu ma MamepianoEMHICMb OCHOB08  A3AH020 eNACMUYHO20 MPUKOMAHCY NPUSHAYEHO20
07151 8U2OMOBGIEHHS peadiiimayiuHux eupoois.

Memoouka. /[ns 0ocsicHeHHs NOCMABNEeHOI Memu 8UKOPUCTIAHO MemoOU MamemMamuyHo2o
NIAHYBAHHA ~eKCNePpUMEHMY, CMAHOAPMHI Memoou OO0CHIONHCEeHHs napamempis CmpyKmypu
MPUKOMA®CY ma CMamucmuyHi Memoou oo6pooKu ma ananizy eKCnepuMeHmaitbHux OaHuUXx.

Pesynomamu. Ha ocHo8i cniano8ano2o ma npogedeHo20 eKCnepumenmy, 6 aKomy K 6XioHi
¢daxmopu obpano Hamse epyHMOB0I HUMKU, JIHIUHY 2YCMUHY NONepedHOol YMOK080I HUMKU md
NONepPeoHe BUOOBHCEHHS eNACMOMEPHOI HUMKY, PO3POOIEHO MAmMeMamuyti 3a1eHCHOCMI, Wo
003601510Mb BUHAUUMU CMYNIHbL GNIUSY MEXHONO02IYHUX Napamempie 6 A3aHHA HA CMPYKMYpPHI
XapakmepucmuKu mpuKomasicy, 0coOIUB0 U020 NOBEPXHEBY Y CIUHY.

Haykosea nosusna. 3anponoHosano mamemamuyni Mooeni O NPOeKmy8aHHs OCHOBHUX
napamempie cmpykmypu OCHO808 A3AH020 eNACMUYH020 MPUKOMANCY, 8 OCHOBY AKUX 3AKIA0EHO
HACMYNHI  MeXHON02IYHI napamempu: Hamse 2PYHMO80i HUMKU, NONEPeoHE BUOOBIHCEHHS
e1acmomMepHoi HUMKU ma JiHIUHA 2YCMUHA NONEPEYHO20 YIMOKY.

Ilpakmuuna 3nauumicme. Ompumani pesyrbmamu, 00360J10Mb POSUUPUMU SHAHHS NPO
6NIUE MEXHONOIYHUX NAPAMEmpPI8 8 A3aHHA HA MAMEPIalOEMHICIb OCHOBO8 A3AHUX eNACTNUYHUX
macvM YMOKO8020 NEpPenyiemenHs ma MOJ’CYMb OYmu BUKOPUCMAHI HA emani NpoexKm)y8aHHs
8UpobiI6 3a6e3neuyrouu NPOSHO308aHI NOKA3HUKU AKOCTI.

Kniouosi cnosea: mexuonociuni  napamempu 6 A3aHHA,  napamempu  CMpyKmypu,
OCHOB08’ A3aHUIL eNACMUYHU MPUKOMAIC, e1ACTNOMEPHA HUMKA.
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