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Abstract

Fabric thickness is one of the important knit-
ted fabric parameters influencing the insula-
tion properties, handle and material consump-
tion. In the previous research, fabric thickness
was mainly examined within the framework
of studies of other knitted fabric structural pa-
rameters and properties, and only rarely as the
main research topic. The research objective was
to comparatively analyse fabric thickness and
Knapton constants of knitted fabrics made from
core-spun yarns with elastane core and those
made from conventional yarns. It was estab-
lished that the knitted fabrics made from yarns
with elastane core are significantly thicker than
the knitted fabrics made from yarns without
elastane core, with equal linear density, pro-
duced on the same knitting machine under
the same conditions, all influencing the perfor-
mance properties of elasticized knitted fabrics.
It was also established that the Knapton con-
stant of dense and loose knitted structures from
yarns with elastane core decreases while it in-
creases for the yarns without elastane core. A
new parameter, i.e. fabric thickness interlacing

factor, was defined.
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lzvlecek

Eden pomembnih parametrov pletiva je debelina, saj vpliva na izo-
lacijske lastnosti, otip in porabo materiala. V dosedanjih raziskavah
je bila debelina pletiva vec¢inoma obravnavana v okviru studij dru-
gih strukturnih parametrov in lastnosti pletiva, kot glavni predmet
raziskav pa le redko. Cilj raziskave je bil primerjalno analizirati debe-
lino pletiv in Knaptonove konstante pletiv iz prej z elastanskim je-
drom ter iz konvencionalnih prej. Ugotovljeno je bilo, da je pletivo iz
prej z elastanskim jedrom, gosto in redko pleteno, pomembno de-
belejse od pletiva iz prej brez elastanskega jedra enake nazivne dol-
Zinske mase ter pletenega na istem stroju in pod enakimi pogoji,
kar vpliva na uporabne lastnosti pletiv z elastanom. Ugotovljeno je
bilo tudi, da se z mokro relaksacijo Knaptonova konstanta gostih in
redkih pletiv iz prej z elastanskim jedrom zmanijsa, pletiv iz prej brez
elastanskega jedra pa poveca. Definiran je bil nov parameter debe-
linski faktor vpletanja niti.

Klju¢ne besede: pletenje, pletivo, debelina pletiva, Knaptonova
konstanta, debelinski faktor vpletanja niti

1 Uvod

Pletiva so kompleksne in dimenzijsko ob¢utljive strukture. Spre-
membe temeljnih parametrov, tj. $irine, viine in dolZine zanke
ter debeline pletiva, pomembno vplivajo na uporabne in udobno-
stne lastnosti pletiv ter na nacrtovanje njihove proizvodnje, zato
so geometrijski parametri pletenih struktur Ze dolgo predmet po-
globljenih raziskav. En pomembnih parametrov pletiva je tudi
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1 Introduction

Knitted fabrics are complex and dimensional-
ly sensitive structures. A variation of basic pa-
rameters, i.e. loop width, height and length,
and fabric thickness, significantly influenc-
es the performance and comfort properties of
knitted fabrics and their production planning.
Consequently, geometrical parameters of knit-
ted structures have been an extensive research
topic for some time now. Fabric thickness is one
of the important knitted fabric parameters in-
fluencing the insulation properties, handle and
material consumption.

Until now, the optimal knitted loop and knit-
ted fabric parameters have been defined solely
for the fabrics knitted from conventional yarns.
Due to the compactness of relaxed fabrics, the
parameters of knitted fabrics made from high-
ly elastic yarns with elastane core differ con-
siderably from the parameters of knitted fab-
rics made under same process conditions from
yarns without elastane core. The research ob-
jective was to comparatively analyse the thick-
ness of knitted fabrics made from yarns with
elastane core and from conventional yarns, re-

spectively.

2 Knitted fabric thickness, yarn
diameter and Knapton constant

The knitted fabric thickness as a geometrical
parameter was mainly discussed by the scien-
tists who treated their loop models as a space
curve. In 1914, Tompkins [1] wrote that the
knitted fabric thickness equals twice the yarn
diameter. Although Pierce’s loop model [2]
mathematically describes a two-dimensional
knitted loop shape, it can be seen from the loop
model figures that the knitted fabric thickness
is more than twice the yarn diameter. Vekassy's
general loop model [3] discusses the knitted
loop as a line without the parameter of yarn di-
ameter. On the other hand, his loop models of
normal and compact structures define the knit-

ted fabric thickness being twice the yarn diame-
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debelina, saj vpliva na izolacijske lastnosti, otip in porabo mate-
riala.

Optimalni parametri zanke in pletiva so bili do zdaj opredeljeni le
za pletiva iz konvencionalnih prej. Parametri pletiva iz visokoela-
sticnih prej z elastanskim jedrom se zaradi zbitosti relaksiranega
pletiva pomembno razlikujejo od parametrov pletiva iz prej brez
elastanskega jedra, pletenega pri enakih procesnih pogojih. Cilj
raziskave je bil primerjalno analizirati debelino pletiv iz prej z ela-
stanskim jedrom in iz konvencionalnih prej.

2 Debelina pletiva, premer preje
in Knaptonova konstanta

Debelino pletiva so kot geometrijski parameter v svojih modelih
zanke obravnavali predvsem tisti znanstveniki, ki so zanko obrav-
navali prostorsko. Ze Tompkins je leta 1914 [1] zapisal, da je de-
belina pletiva dvakratnik debeline preje. Ceprav Peirceov model
zanke [2] matemati¢no izraza ploskovno obliko zanke, je iz risb
modela vidno, da je debelina pletiva ve¢ kot dvakrat ve¢ja od de-
beline preje. Vekassijev splo$ni model [3] obravnava zanko kot
¢rto, torej brez parametra debeline preje, modela zanke normal-
nega in zbitega pletiva pa debelino pletiva definirata kot dvakra-
tnik debeline preje, tj. d = 2d . Enako razmerje v svojem modelu
predvideva tudi Dalidovi¢ [4]. Suh [5] predpostavlja, da je zanka
uslolena; kraka zanke leZita na konkavni ravnini. Ceprav je iz slike
modela mogoce sklepati, da je d, > 2d , debelina pletiva v razmer-
ju z drugimi parametri, ni matemati¢no definirana. Morooka Hi.,
Matsumoto in Morroka Ha. [6] so v svojem modelu predpostavili
dvodimenzionalno obliko zanke, ki so jo utemeljili z zanemarljivo
debelino pletiva glede na dolzino zanke.

Stevilni raziskovalci so eksperimentalno Studirali geometrijske pa-
rametre pletenih struktur iz konvencionalnih prej. Ved¢inoma je
bila preiskovana enostavna levo-desna struktura, merjene pa §i-
rina zanke (horizontalna gostota), viSina zanke (vertikalna gosto-
ta) in dolZina zanke. Debelina pletiva je bila ve¢inoma obravna-
vana v okviru $tudij drugih strukturnih parametrov, kot glavni
predmet raziskav pa le redko [7, 8, 9, 10, 11]. Ugotovljeno je bilo,
da je debelina popolnoma relaksiranih (konsolidiranih) pletiv iz
konvencionalnih prej neodvisna od dolzine zanke ter odvisna le
od premera preje. Definirana je bila Knaptonova konstanta K, kot
razmerje med debelino pletiva in debelino preje z eksperimental-
no dolo¢enimi vrednostmi K, = 4,8-6,8 [7].

Pri analizah lastnosti pletene strukture je bilo ugotovljeno, da je
mogoce krivuljo tlacna obremenitev/debelina pletiva razdeliti v tri
obmocja: prvemu linearnemu obmodju sledi nelinearno in nato
spet linearno obmocje [8]. Pozneje je bilo ugotovljeno, da se glavni
del pletene strukture za¢ne deformirati v drugem obmocdju krivu-
lje tlacna obremenitev/debelina pletiva [9]. Ugotovljeno je bilo tudi,
da je debelina pletiva odvisna od vrste vlaken in od njihovih la-
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ter, i.e. dpl = Zd[". The same relation is anticipat-
ed in Dalidovich’s model [4]. Suh [5] presumed
the loop being flexed, the loop limbs lying on a
concave surface. Although it can be concluded
from his loop model figure that d > 2d , the
knitted fabric thickness is not defined in the re-
lation to other parameters. In their loop mod-
el, Morooka Hi., Matsumoto and Morooka Ha.
[6] presumed the loop shape being two-dimen-
sional, which was substantiated with a negli-
gible knitted fabric thickness compared to the
loop length.

The geometrical parameters of knitted struc-
tures made of conventional yarns have been
experimentally studied by several researchers.
Mainly, the basic single jersey structure was
discussed, and the loop width (horizontal den-
sity), loop height (vertical density) and loop
length were measured. The knitted fabric thick-
ness was mostly measured within the knitted
fabric structural parameters investigation and
was presented as a principal research in few pa-
pers only [7, 8, 9, 10, 11]. For the knitted fab-
rics in fully relaxed (consolidated) state made
from conventional yarns, fabric thickness was
shown to be independent of the loop length, de-
pending only on yarn diameter. The Knapton
constant, K, was defined as the ratio between
the knitted fabric thickness and yarn thickness
(diameter) with an experimentally defined val-
ueK,=4.8-6.8[7].

With the analysis of the knitted structure prop-
erties, it was stated that the pressure loading/
fabric thickness curve can be divided into three
regions during the lateral compression - the
first linear region followed by the non-linear re-
gion and the second linear region [8]. Further
on, it was shown that the main structure of the
knitted fabric begins to deform at the second re-
gion of the pressure loading/thickness curve [9].
It was also established that fabric thickness is
primarily dependent on the fibre type and prop-
erties. Only basic fibres, such as silk, cotton and
polyester, were investigated [10].

Yarn thickness has a direct impact on the knit-
ted fabric thickness. It equals the yarn diameter
if a round yarn cross-section is presumed. The
yarn diameter is a parameter difficult to define
as the yarn is not a solid body of known densi-

ty. Its porosity amounts to 30-70 %. The yarn
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stnosti. Preiskovani so bili le nekateri materiali: svila, bombaz in
poliester [10].

Na debelino pletiva neposredno vpliva debelina preje. Enaka je
premeru preje, ¢e predpostavimo, da je prerez preje okrogel. Pre-
mer preje je tezko dolocljiv parameter, ker preja ni trdno telo zna-
ne gostote, saj znasa njena poroznost 30-70 odstotkov; jedro preje
je gosto, plas¢ pa sestavljajo prosti konci vlaken, ki $trlijo iz povrsi-
ne [12]. Posledica nizkega vitja pletilskih prej je spremenljiv dejan-
ski premer preje v pletivu [13].

3 Eksperimentalni del: priprava vzorcev
in metode preiskav

Prstanske preje za pripravo vzorcev pletiv so bile projektirane in
izdelane z naértovanimi parametri za raziskovalne namene iz vi-
skoznih (CV) in poliakrilonitrilnih (PAN) vlaken. Iz vsake surovi-
ne so bile izdelane po tri razli¢ne preje z elastanskim jedrom enake
nazivne dolzinske mase: muliné sukana preja (iz oplascene pre-
je z elastanskim jedrom in predivne preje brez elastanskega jedra,
obeh izdelanih na prstanskem predilniku), obsukana preja (ela-
stanska filamentna preja, obsukana z dvema predivnima prejama)
in oplas¢ena preja (preja z elastanskim jedrom, oplaséenim s pre-
divom). Za primerjavo sta bili izdelani tudi prstanski predivni pre-
ji brez elastanskega jedra enake nazivne dolzinske mase.

Vzorci pletiv so bili pod enakimi pogoji napleteni na pletilniku
UNIVERSAL MC 720 delitve E8, preja je bila neparafinirana. Iz
vsake preje so bili napleteni vzorci dveh gostot. Vzorci pletiv so
bili suho stati¢no relaksirani 72 ur oz. po suhi relaksaciji tudi mo-
kro dinamicéno relaksirani — konsolidirani [14].

Za merjenje debeline oz. premera preje ni standardne meto-
de. Merjenje premera preje z mikroskopskim opazovanjem in
opti¢no-projekcijskimi metodami vklju¢uje subjektivno doloc¢anje
mej preje v neobremenjenem stanju, kar je slabost teh metod. Me-
hanske metode merjenja premera preje vkljucujejo neposredno
stiskanje preje, kar je posebno problemati¢no pri voluminoznih
prejah, med katere vec¢inoma spadajo tudi predivne pletilske pre-
je. Na Tekstilnem institutu v Moskvi je bila razvita brezkontaktna
projekcijsko-racunska metoda za ugotavljanje povprecnega pre-
mera teksturiranih prej, metoda E Sadikova [15]. Debeline pre-
skusanih prej d  so bile merjene po modificirani metodi Sadiko-
va. Iz etalonov prej, pripravljenih s predobremenitvijo niti 0,003
cN-tex™! [15], torej 0,3 cN, so bili opti¢no ¢itani odseki prej dolzine
30 mm z locljivostjo 1200 dpi. Nato so bili natiskani na papir pri
20-kratni povecavi ter izrezani. Izmerjena je bila masa izrezanih
papirnih vzorcev ter masa znane povrsine papirja. Za vsak vzorec
preje je bilo izvedenih 10 meritev. Povpre¢ni premer preje je bil
izracunan iz povrsine vzorca preje:
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core is compact, while the cover is composed of
free ends of fibres protruding from the yarn sur-
face [12]. A low twist of knitting yarns results
in a variable practical yarn diameter within the
knitted fabric [13].

3 Experimental: sample
preparation and research
methods

Ring-spun yarns used for the knitted sam-
ple preparation were designed and made with
planned parameters for the research pur-
pose from viscose (CV) and polyacrylonitrile
(PAN) fibres. From each raw material, elasti-
cized yarn of the same linear density was made
- muliné-twisted yarn (composed of elastomer-
ic core-spun yarn and yarn without elastane,
both ring-spun), core-twisted yarn (elastane fil-
ament yarn, core-twisted with two ring-spun
yarns) and core-spun yarn (yarn with elastane
core and staple fibre sheath covering). For a
comparison, ring-spun yarns without elastane
of equal linear density as elasticized yarns were
produced as well.

The knitted samples were produced on an elec-
tronic flat weft knitting machine UNIVERSAL
MC 720, gauge E8 under the same process con-

Table 1: Yarn sample descriptions
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s=—"
m, - P*

(1),

kjer je: S — povrdina vzorca preje (mm?®); m, — masa izrezanega ob-
risa projekcije vzorca preje na papir (mg); m, - masa 1 mm’ pa-
pirja, na katerega je bil projiciran vzorec preje (mg); P — povecava.
Povprec¢ni premer preje a je bil nato izra¢unan po enacbi:

— S

Gps =~ ),
kjer je: a - povpre¢ni premer preje (mm), S - povr$ina vzorca
preje (mm?), L — dolZina opti¢no ¢itanega vzorca preje (mm).
Debelina neobremenjenega pletiva d , je bila dolocena z merjenjem
debeline pletiva pri razli¢nih obremenitvah in prera¢unom na ni-
¢elno obremenitev. Merjena je bila debelina suho ter suho in mo-
kro relaksiranih pletiv po standardu SIST EN ISO 5084:1996 pri
razliénih standardnih obremenitvah merilne noge: 20 cN-cm™, 40
cN-cm™?, 60 cN-cm™?, 80 cN-cm™ in 100 cN-cm™ Izdelana je bila do-
datna merilna noga z ve¢jo povrsino in obremenitvijo 8,43 cN-cm™.
Za vsak vzorec pletiva je bilo izvedenih 20 meritev. Povpre¢ne vre-
dnosti debeline pletiva pri vsaki obremenitvi merilne noge so bile
prenesene v program Excel in narisane krivulje. Na podlagi pred-
postavke o nelinerani odvisnosti med tla¢no obremenitvijo in debe-
lino pletiva [8, 9] je bila za vsak posamezni vzorec poiskana enacba
ujemajocega se polinoma. Iz enacbe polinoma je bila za vsak vzorec
izracunana debelina pletiva pri nicelni obremenitvi.

4 Rezultati preiskav z razpravo

S
o = =
£ 5 5 3 g 3
z S o g 5 =5
o — >
5. £ AR
3 g3 S 25 26
97.8% CV
1 100 5008 20.2 19.3 7.4 0 0 0
muliné-twisted  |2.2% EL
yarn with elastane |97.8% PAN
100 500 21.5 26. 7.3 0 2 1
2 2.2% EL S ?
97.8% CV
3 102 5008 20.3 19.1 7.5 0 0 0
core-twisted yarn |2.2% EL
with elastane 97.8% PAN
4 2.2% EL 102 5008 21.2 26.5 7.4 0 0 0
0,
5 97'08 % CV 100 2817 18.4 17.7 8.5 0 0 1
core-spun yarn 2.2% EL
with elastane 97.8% PAN
6 5.29% EL 100 278Z 19.6 23.8 9.1 0 0 0
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composition

100% CV

“ yarn label

ring-spun yarn

100
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extension (%)

no. of thin

o [NEE

no. of thick

no. of nobs

without elastane

o)

100% PAN

100

ditions. The yarn was not waxed. From each
yarn, samples were knitted in two densities. The
knitted samples were statically dry relaxed for
72 hours or additionally dynamically wet re-
laxed (consolidated) after a dry relaxation, re-
spectively [14].

There is no standard method for measuring
yarn thickness or yarn diameter. The yarn di-
ameter measuring with a microscopic observa-
tion and optical projection methods involves a
subjective determination of the yarn borders
in an unloaded state, which is a weak point of
these methods. The mechanical methods for
the yarn diameter measuring incorporate a di-
rect yarn compression, which is especially prob-
lematic with voluminous yarns, incl. ring-spun
knitting yarns.

At the Moscow Textile Institute, a contact-
less projection-calculating method for the av-
erage diameter of textured yarns, i.e. F. Sadik-
ov method was developed [15]. The diameter of

investigated yarns, d_, was measured with the

s
modified Sadikov method. From the yarn sam-
ples prepared with a preloading of 0.003 cN-
tex! [15], i.e. 0.3 cN, 30 mm yarn sections were
scanned with the resolution of 1200 dpi. After-
wards, the scanned sections were printed on pa-
per with a 20-fold magnification and cut out.
The mass of the cut-out printed samples and
mass of the paper sheet with a known surface
area were measured. For each yarn sample, 10
measurements were performed. The average
yarn diameter was calculated from the yarn
sample area (Equation 1), where: S - yarn sam-
ple area (mm?); m, — mass of yarn sample pro-
jection cut out of paper (mg); m, - mass of 1
mm? of paper on which yarn sample was pro-

jected (mg); P — magnification.

Table 2: Yarn and knitted fabric sample labelling

yarn labelling knitted fabric labelling

relaxation type yarn  relaxation knitted fabric densi
label  type

dry relaxation |1S dry relaxation |1Sg 1Sr
consolidation |[IM  |consolidation |1Mg IMr
dry relaxation |2S dry relaxation |2Sg 28r
consolidation |2M  |consolidation |2Mg 2Mr
dry relaxation |3S dry relaxation |3Sg 38r
consolidation |3M consolidation |3Mg 3Mr
dry relaxation |4S dry relaxation |4Sg 4Sr
consolidation |4M consolidation |4Mg 4Mr
dry relaxation |5S dry relaxation |5Sg 5Sr
consolidation |5M consolidation |5Mg 5Mr
dry relaxation |6S dry relaxation |6Sg 6Sr
consolidation |6M consolidation |6Mg 6Mr
dry relaxation |7S dry relaxation |7Sg 7Sr
consolidation |7M consolidation |7Mg 7Mr
dry relaxation |8S dry relaxation |8Sg 8Sr
consolidation |8M consolidation |8Mg 8Mr
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Table 3: Knitted fabric thickness, yarn diameter and Knapton constant of dry, and dry and wet relaxed (con-

solidated) dense and loose structures

yarn/knitted yarn

knitted fabric thickness

fabric label ~ diameter dense structure — g loose structure - r
(relaxation
type)
S 0.88 1.72 1.96 2.06 2.35
1
M 1.15 1.92 1.67 2.08 1.81
S 0.90 1.66 1.85 1.97 2.20
2
M 1.25 2.26 1.81 2.62 2.10
S 0.72 1.61 2.23 1.92 2.66
3
M 0.94 2.04 2.17 2.42 2.58
4 S 0.76 1.69 2.22 2.04 2.68
M 1.13 2.03 1.79 2.24 1.97
S 0.93 1.92 243 2.40 3.05
5
M 1.27 2.13 1.68 2.40 1.89
S 0.76 1.84 241 2.31 3.03
6
M 1.40 2.47 2.00 2.79 2.26
S 0.65 1.10 1.71 1.01 1.57
7
M 0.71 1.31 1.84 1.24 1.74
S 0.60 1.26 2.12 1.26 2.11
8
M 0.64 1.43 2.26 1.42 2.25
The average yarn diameter was calculated with 3,00
the equation 2, where: a - average yarn di- #
<
ameter (mm), S - yarn sample area (mm?), L - 2,50 . N "
length of scanned yarn sample (mm). E i * o
The thickness of the unloaded knitted fab- é 2,00 : a E =
ric, d, was defined by measuring the knit- E E
ted fabric thickness at various loadings and — |g 150 = — = — 3
with a subsequent calculation to zero loading. % o : /.// e = o //x
The thickness of the dry, and dry and wet re-  |§ 1,00 { = —-—\_\"‘ = = -
laxed knitted fabrics was measured according E yam withoutelastane core
to the SIST EN ISO 5084:1996 standard at var- 0,50
ious standard loadings of the pressure foot: 20 9 "o & "
ot oz a3 od +5 x6 u? *8

cNcm2, 40 cNem™, 60 cNem™, 80 cNem™ and
100 cNem™. An additional pressure foot with
a larger pressure surface and loading of 8.43
cNcm™? was designed. For each knitted fab-
ric sample, 20 measurements were performed.
The average values of the knitted fabric thick-

ness at each pressure foot loading were trans-

sample

Figure 1: Comparison of fabric thickness, d , of dense and loose,
dry, and dry and wet relaxed (consolidated) structures
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ferred to Excel and the diagram curves were
drawn. Based on the presumption of nonline-
ar pressure loading/knitted fabric thickness de-
pendence [8, 9], an equation of a corresponding
polynomial was found for each individual sam-
ple. From the polynomial equation, the knitted
fabric thickness at zero loading was calculated

for each sample.

4 Research results and discussion

From Table 3, it can be seen that the diam-
eter of the wet relaxed yarns measured with
the Sadikov method [15] exceeds the diameter
of the dry relaxed yarns. The dry and wet re-
laxed yarns without elastane core exhibit the
smallest diameter. The yarn diameter increase
due to a wet relaxation amounts from 29.8%
to 61.7% for the yarns with elastane core, and
10% or 6.2% for viscose and polyacrylonitrile
yarns without elastane core, respectively. The
yarn diameter increase due to a wet relaxation
results in a more compact knitted structure and
increased fabric thickness. This is reflected in a
loop configuration change and consequently, in
the knitted fabric appearance, parameters and
dimensional properties.

Table 3 and Figure 1 show that the knitted fab-
rics made from yarns with elastane core are
significantly thicker than the knitted fabrics
made from yarns without elastane core, with
equal linear density, produced on the same
knitting machine under the same conditions.
The thickness of knitted fabrics made from
all yarns, with and without elastane core, in-
creased during a wet relaxation. In most cas-
es, the thickness of dense knitted fabrics made
from yarns with elastane core increased more
than the thickness of loose fabrics made from
the same yarns. The loose knitted fabrics from
yarns with elastane core are thicker than the
equally relaxed dense knitted fabrics from
yarns of the same kind, while the fabrics made
of yarns without elastane core show the op-
posite trend - the loose knitted fabrics exhibit
smaller or equal thickness than the dense knit-
ted fabrics.

The knitted fabric thickness increase during a
wet relaxation, along with an insignificant loop

length change, and simultaneous loop width
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Figure 2: Comparison of Knapton constant, K, of dense and loose,
dry, and dry and wet relaxed (consolidated) structures

Iz preglednice 3 je videti, da je premer mokro relaksiranih prej,
merjen po metodi Sadikova [15], ve¢ji kot premer suho relaksira-
nih prej. Suho ter suho in mokro relaksirane preje brez elastanske-
ga jedra imajo najmanjsi premer. Povecanje premera preje z mo-
kro relaksacijo je od 29,8 do 61,7 % za preje z elastanskim jedrom
ter 10 % za viskozno oz. 6,2 % za poliakrilonitrilno prejo brez ela-
stanskega jedra. Posledica povecanja premera preje pri mokri rela-
ksaciji sta zgostitev pletene strukture in povecanje debeline pletiva,
kar se kaze v spremembi konfiguracije zanke ter s tem videza, pa-
rametrov in dimenzijskih lastnosti pletiva.

Preglednica 3 in slika 1 kaZzeta, da je pletivo iz prej z elastanskim
jedrom pomembno debelejse od pletiva iz prej brez elastanskega
jedra enake nazivne dolzinske mase ter pletenega na istem stro-
ju in pod enakimi pogoji. Debelina pletiv, pletenih tako iz prej z
elastanskim jedrom kot tudi iz prej brez elastanskega jedra, se je z
mokro relaksacijo povecala. Debelina gosto pletenih pletiv iz prej
z elastanskim jedrom se je v vecini primerov bolj povecala kot de-
belina redkih pletiv iz istih prej. Redka pletiva iz prej z elastanskim
jedrom so debelejsa od enako relaksiranih gostih pletiv iz istovr-
stnih prej, medtem ko je pri pletivih iz prej brez elastanskega je-
dra ravno narobe: redka pletiva imajo manjso ali enako debelino
kot gosta.

Povecanje debeline pletiva z mokro relaksacijo ob le malo spreme-
njeni dolzini zanke ter zmanjsani $irini in vi$ini zanke kaze na to,
da se z mokro relaksacijo spremeni oblika zanke, ne pa pomemb-
no tudi njena dolZina.

Knaptonova konstanta K, [7] podaja razmerje med debelino pleti-
vad, in premerom preje d . Ce je pletivo po debelini normalne
strukture, je debelina pletiva dvakratnik premera preje (K5 teor na
sliki 2). Iz preglednice 3 je videti, da se z mokro relaksacijo Knap-
tonova konstanta gostih in redkih pletiv iz prej z elastanskim je-
drom zmanjsa, pletiv iz prej brez elastanskega jedra pa poveca. Pri
pletivih iz prej z elastanskim jedrom je Knaptonova konstanta red-
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and loop height decrease indicates that the loop
shape changes due to a wet relaxation, while
the loop length change is not important.

The Knapton constant, K, [7] assigns the re-
lation between the knitted fabric thickness,
d,, and the yarn diameter, d, . If the knit-
ted fabric exhibits a normal structure with re-
gard to thickness, the knitted fabric thickness
is twice the yarn diameter (K5 theor in Figure
2). From Table 3, it can be seen that the Knap-
ton constant of dense and loose knitted struc-
tures made from yarns with elastane core de-
creases, while it increases for the knitted fabrics
made from yarns without elastane core. For the
knitted fabrics made from yarns with elastane
core, the Knapton constant of loose structures
is higher than the Knapton constant of dense
structures. In contrast, the Knapton constant of
loose knitted structures is lower than the Knap-
ton constant of dense knitted structures for the
fabrics made from conventional yarns.

On the grounds of the preliminary analy-
sis of the results of basic knitted loop parame-
ter measurements (i.e. loop width, loop height,
loop length, yarn diameter and knitted fabric
thickness) with the principal component anal-
ysis (16), the fabric thickness interlacing fac-
tor, v,,, can be defined, i.e. the ratio between
the loop length and the knitted fabric thickness:
Equation 3, where: v, - fabric thickness inter-
lacing factor, € - loop length (mm), d , - fabric
thickness (mm).

From Table 4 and Figure 3, it can be seen that
the fabric thickness interlacing factor, v, of
knitted fabrics made from yarns without elas-
tane core (Samples 7 and 8) exhibits significant-
ly higher values than the fabric thickness inter-
lacing factor, v, of knitted fabrics made from
yarns with elastane core (Samples 1-6). For
the knitted fabrics made from yarns with elas-
tane core, it holds the values v,, = 3.6-6.0,
while for the knitted fabrics made from yarns
without elastane core, it holds the values v, =
5.9-11.4. The loose and wet relaxed structures
exhibit higher values of the fabric thickness in-
terlacing factor. The fabric thickness interlacing
factor decreases with a wet relaxation and with

the increase in density.

Parametri zbitega levo-desnega pletiva - 3. del

kih pletiv ve¢ja od Knaptonove konstante gostih pletiv. Pri pleti-
vih iz konvencionalnih prej pa je, nasprotno, Knaptonova konstan-
ta redkih pletiv manjsa od Knaptonove konstante gostih pletiv.

Na podlagi predhodne analize rezultatov meritev temeljnih para-
metrov zanke ($irina, vi$ina in dolZina zanke ter premer preje in
debelina pletiva) z metodo glavnih komponent [16] je mogoce de-
finirati debelinski faktor vpletanja niti v, tj. razmerje med dolZi-
no zanke in debelino pletiva:

14
Vieo = 7 (3),
pl
kjer je: v, - debelinski faktor vpletanja niti, £ — dolZina zanke

(mm), dpm - debelina pletiva (mm).

Table 4: Knitted fabric thickness, d,,, loop length, £, and fabric thick-
ness interlacing factor, v, , of dense and loose, dry, and dry and wet
relaxed (consolidated) structures

knitted dense knitted fabric - g loose knitted fabric - r
fabric label
(relaxation |g
54°09) =
S 1.7183 8.68 5.0| 2.0628| 11.99 5.8
! M 1.9167 8.67 4.5| 2.0805| 11.39 5.5
S 1.6577 8.86 5.3] 1.9716| 11.75 6.0
2 M 2.2606 8.62 3.8| 2.6218| 11.49 4.4
S 1.6131 8.93 5.5| 1.9206| 11.57 6.0
. M 2.0367 8.71 4.3| 2.4200| 11.46 4.7
S 1.6905 8.97 5.3| 2.0385| 11.85 5.8
4 M 2.0339 8.72 4.3| 2.2377| 11.70 5.2
S 1.9160 8.67 4.5| 2.4027| 11.64 4.8
> M 2.1287 8.25 39| 2.3956] 11.33 4.7
S 1.8353 8.86 4.8| 2.3096| 11.76 5.1
6 M 2.4659 8.75 3.6] 2.7865| 11.40 4.1
S 1.1029 8.72 7.8| 1.0108| 11.50 11.4
7 M 1.3084 8.47 6.5 1.238| 11.29 9.1
S 1.2615 8.69 6.9 1.2552| 1148 9.2
8 M 1.4305 8.64 59| 1.4199| 11.32 8.0

* loop length, €, was measured with a new method (14)

Iz preglednice 4 in slike 3 je videti, da je debelinski faktor vpletanja
niti v, za pletiva iz prstanskih prej brez elastanskega jedra (vzor-
ci 7 in 8) pomembno visji od debelinskega faktorja vpletanja niti
v, Za pletiva iz prej z elastanskim jedrom (vzorci 1-6). Za presku-
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5 Conclusions

Knitted fabrics made from yarns with elastane
core are significantly thicker than the knitted
fabrics made from yarns without elastane core,
with equal linear density, produced on the same
knitting machine under the same conditions.
The thickness of knitted fabrics made from all
yarns, with and without elastane core, increas-
es during a wet relaxation. The loose knitted
structures from yarns with elastane core are
thicker than the equally relaxed dense knitted
structures from yarns of the same kind, while
the fabrics made of yarns without elastane
core show the opposite trend - the loose knitted
structures exhibit lower or equal thickness than
the dense knitted structures.

The Knapton constant of knitted fabrics made
from yarns with elastane core decreases during
a wet relaxation, while it increases for the knit-
ted fabrics made from yarns without elastane
core. For the knitted fabrics made from yarns
with elastane core, the Knapton constant of
loose structures is higher than the Knapton con-
stant of dense structures. In contrast, the Knap-
ton constant of loose knitted structures is low-
er than the Knapton constant of dense knitted
structures for the fabrics made from conven-
tional yarns.

On the grounds of preliminary statistical analy-

ses, the thickness interlacing factor, v , was de-

e
fined, i.e. the ratio between the loop length and
the knitted fabric thickness, v,,, = £/d,. For the
knitted fabrics made from yarns with elastane
core, it holds the values 3.6-6.0, while for the
knitted fabrics made from yarns without elas-

tane core, it holds the values 5.9-11.4.

Vdeb

The fabric thickness interlacing factor, v, of
knitted fabrics made from yarns without elas-
tane core is significantly higher than the fab-
ric thickness interlacing factor of knitted fabrics
made from yarns with elastane core. The fab-
ric thickness interlacing factor decreases with a

wet relaxation and with the increase in density.
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Figure 3: Fabric thickness interlacing factor, v, of dense and loose,
dry, and dry and wet relaxed (consolidated) structures made from
yarns without elastane core and yarns with elastane core

$ana pletiva iz prej z elastanskim jedrom ima vrednosti v, = 3,6-
6,0, za preskusana pletiva iz prstanskih prej brez elastanskega jedra
pa 5,9-11,4, pri ¢emer dosega visje vrednosti za redka in suho re-
laksirana pletiva. Debelinski faktor vpletanja niti se z mokro rela-
ksacijo in pove¢anjem gostote pletiva zmanjsa.

5 Sklepi

Pletivo iz prej z elastanskim jedrom je pomembno debelejse od
pletiva iz prej brez elastanskega jedra enake nazivne dolzinske
mase ter pletenega na istem stroju in pod enakimi pogoji. Debe-
lina pletiv, pletenih iz prej z elastanskim jedrom, kot tudi iz prej
brez elastanskega jedra, se z mokro relaksacijo poveca. Redka ple-
tiva iz prej z elastanskim jedrom so debelejsa od enako relaksira-
nih gostih pletiv iz istovrstnih prej, medtem ko je pri pletivih iz
prej brez elastanskega jedra ravno narobe: redka pletiva imajo
manjso ali enako debelino kot gosta.

Z mokro relaksacijo se Knaptonova konstanta pletiv iz prej z ela-
stanskim jedrom zmanjsa, pletiv iz prej brez elastanskega jedra pa
poveca. Pri pletivih iz prej z elastanskim jedrom je Knaptonova
konstanta redkih pletiv ve¢ja od Knaptonove konstante gostih ple-
tiv. Pri pletivih iz konvencionalnih prej pa je, nasprotno, Knapto-
nova konstanta redkih pletiv manjsa od Knaptonove konstante go-
stih pletiv.

Na podlagi predhodnih statisti¢nih analiz je bil definiran debelin-
ski faktor vpletanja niti, tj. razmerje med dolZino zanke in debe-
lino pletiva: v, = €/d , ki ima za preiskovana pletiva iz prej z ela-
stanskim jedrom vrednosti v,, = 3,6-6,0, za pletiva iz prej brez
elastanskega jedra pa 5,9-11,4.

Debelinski faktor vpletanja niti v, pletiva iz prej brez elastan-
skega jedra je pomembno visji od debelinskega faktorja vpletanja
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niti pletiv iz prej z elastanskim jedrom. Debelinski faktor vple-
tanja niti se z mokro relaksacijo in povecanjem gostote pletiva
zmanj$a.
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