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Abstract

Various authors have experimentally examined
the validity of geometrical loop models and an-
alysed the structural parameters of the knit-
ted structure and loop modules. Similar to the
authors of geometrical loop models, some re-
searchers have described and/or mathematical-
ly defined the open, normal (ideal) and com-
pact knitted structure. They mainly examined
knitted fabrics made from conventional yarns
without the elastane core. The review of the
knitted structure parameters is given and the
state of research of the single structure porosity/

compactness is analysed.

Keywords: knitting, knitted structure, loop

modules, Munden constants, cover factor
1 Introduction

Various authors [1-22] have experimental-
ly examined the validity of geometrical loop
models and analysed the structural parame-
ters of the knitted structure and loop modules.
The examination of knitted fabrics made from
yarns of different material composition knit-

ted under different process conditions and re-
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lzvlecek

Razli¢ni avtorji so eksperimentalno preverjali veljavnost geometrij-
skih modelov zanke ter analizirali strukturne parametre pletiva in
module zanke. Nekateri avtorji so, podobno kot avtorji geometrij-
skih modelov zanke, opisno in/ali matemati¢no locili ohlapno, nor-
malno (idealno) in zbito strukturo pletiva. Preskusali so pletivo iz
konvencionalnih prej brez elastanskega jedra. Podan je pregled pa-
rametrov pletiva ter analizirano stanje raziskav na podrocju zbitosti/
poroznosti levo-desne pletene strukture.

Klju¢ne besede: pletenje, pletena struktura, moduli zanke, Munde-
nove konstante, faktor kritja

1 Uvod

Razli¢ni avtorji [1-22] so eksperimentalno preverjali veljavnost
geometrijskih modelov zanke ter analizirali strukturne parametre
pletiva in module zanke. Presku$anje pletiv iz prej razli¢ne suro-
vinske sestave, pletenih pod razlicnimi procesnimi pogoji in rela-
ksiranih na razli¢cne nacine, se je izrazilo v Sirokih mejah eksperi-
mentalnih vrednosti posameznih strukturnih parametrov pletiva
in modulov zanke. Nekateri avtorji so, podobno kot avtorji geome-
trijskih modelov zanke, opisno in/ali matemati¢no lo¢ili ohlapno,
normalno (idealno) in zbito strukturo pletiva. Ve¢inoma so pre-
skusali pletivo iz konvencionalnih prej brez elastanskega jedra.
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laxed with different methods resulted in a wide
range of values of individual structural param-
eters and loop modules. Similar to the authors
of geometrical loop models, some researchers
have described and/or mathematically defined
an open, normal (ideal) and compact knitted
structure. They mainly examined knitted fab-
rics made from conventional yarns without the

elastane core.
2 Knitted fabric parameters

Knitted fabric parameters describe the knit-
ted structure on the basis of geometrical loop
models. A comparison of the calculated values
of investigated fabric parameters and theoret-
ical values of ideal knitted fabrics enables the
compactness/porosity evaluation of the knitted
structure. The calculated values of parameters
also enable the evaluation of anticipated per-
formance properties of knitted fabrics.

The density coefficient is defined by the ratio
of the horizontal and the vertical density of the
knitted fabric [23]. We have (Equation 1), where
are: C - density coefficient of knitted fabric, D, -
horizontal density of knitted fabric (cm™), D, -
vertical density of knitted fabric (cm™), A - loop
width (mm), B - loop height (mm).

Munden [5] defined the loop shape factor K, =
D,/ D,. K, is inversely proportional to the den-
sity coefficient C defined by Dalidovi¢ [23],
therefore K,= 1/ C.

The density coefficient, paradoxically, does not
directly describe the porosity/compactness of
the knitted structure. It only defines the ratio
between the loop width and loop height, or the
ratio between the horizontal and vertical densi-
ty of the knitted structure. A lower density coef-
ficient along with the equal horizontal density
indicates a more compact knitted structure in
the vertical direction. With the increased coul-
iering depth and the unchanged loop width, the
loop length increases while simultaneously, the
vertical density of the knitted structure decreas-
es. The loop shape and the ratio between the
loop width and the loop height (the density co-
efficient) change.

The density coefficient of basic single knitted
fabrics is usually C = 0.7-0.9, depending on
the fabric structure. According to Dalidovic, the
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2 Parametri pletiva

Parametri pletiva na osnovi geometrijskih modelov zanke opisuje-
jo strukturo pletiva. Primerjava izra¢unanih vrednosti parametrov
preiskovanih pletiv s teoreticnimi vrednostmi parametrov idealnih
pletiv omogoca ocenjevanje zbitosti/poroznosti pletene strukture.
Izra¢unane vrednosti parametrov pletiv tudi omogocajo ocenjeva-
nje pri¢akovanih uporabnih lastnosti pletiv.

Koeficient gostote pletiva je razmerje med horizontalno in vertikal-
no gostoto pletiva [23]. Velja:

D B

C:—:—
D A

v

),

kjer je: C - koeficient gostote pletiva, D, — horizontalna gosto-
ta pletiva (cm™), D, - vertikalna gostota pletiva (cm™), A - $irina
zanke (mm), B — vi$ina zanke (mm).

Munden [5] je definiral faktor oblike zanke K,= D,/ D,. K, je ob-
ratno sorazmeren koeficientu gostote C, ki ga je definiral Dalidovi¢
(23], torejje K,=1/C.

Koeficient gostote, paradoksalno, ne opisuje neposredno poroz-
nosti/zbitosti pletiva, temvec le razmerje med $irino in visino
zanke oz. med horizontalno in vertikalno gostoto pletiva. Manj-
§i koeficient gostote pri enaki horizontalni gostoti pomeni vecjo
zbitost pletiva v vertikalni smeri. Pri povecani globini kuliranja in
nespremenjeni $irini zanke se poveca dolzina zanke, hkrati pa se
zmanjsa vertikalna gostota pletiva. Spremeni se oblika zanke ter
razmerje med $irino in vi$ino zanke, tj. koeficient gostote pletiva.

Koeficient gostote za enostavno levo-desno pletivo je obicajno, gle-
de na strukturo, C = 0,7 - 0,9. Teoreti¢ni koeficient gostote za ide-
alno enostavno levo-desno pletivo normalne strukture je po Dali-
dovi¢u C = 0,865 [23].

Faktor kritja je za votkovna levo-desna pletiva kot funkcijo dolzine
zanke in metrske $tevilke preje definiral Munden [24]. Z uzakonje-
no uporabo merskih enot tex je faktor kritja pletiva funkcija dol-
zinske mase preje in dolZine zanke. Velja:

K= (2),

4
kjer je: K - faktor kritja pletiva (tex"’mm™), T,- dolzinska masa
preje (tex), £ — dolzina zanke (mm).

Priporocljiv faktor kritja enostavnega levo-desnega pletiva je K =
1,4 £ 10 % (tex"’mm™") [18]. Ve¢ji faktor kritja opisuje bolj zbito
strukturo pletiva.

Sirinski faktor vpletanja niti opisuje razmerje med dolzino zaplete-
ne niti v eni zan¢ni vrsti ter dolZino zanéne vrste oz. razmerje med
dolzino in $irino zanke [25, 26, 27, 17]. Velja:

L n-¢ ¢
3)s

kjer je: v_ - Sirinski faktor vpletanja niti, L — dolzina niti v zan¢ni
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theoretical density coefficient of the ideal basic
single knitted structure is C = 0.865 [23].

The cover factor of the weft single knitted struc-
ture was defined by Munden [24] as a function
of the loop length and yarn count. As the use
of tex units was enacted, the cover factor has
been the function of the yarn linear density and
loop length. It holds (Equation 2), where are: K
— knitted fabric cover factor (tex'’mm™), T, -
yarn linear density (tex), € - loop length (mm).
The recommended cover factor of the basic sin-
gle knitted fabrics is K = 1.4 +10% (tex"*mm™")
[18]. A higher cover factor describes a more
compact knitted structure.

The width interlacing factor describes the ratio
between the length of the interlaced yarn with-
in the course and course length, or the ratio be-
tween the loop length and loop width [25, 26,
27, 17]. It holds (Equation 3), where are: v_ -
width interlacing factor, L - length of the inter-
laced yarn within a course (mm), n — number
of the wales (loops) within a course, £ - loop
length (mm), A - loop width (mm).

The length interlacing factor describes the ra-
tio between the loop length and the loop height
[27]. 1t holds (Equation 4), where are: v, -
length interlacing factor, € - loop length (mm),
B - loop height (mm).

The width loop module is the ratio between
the loop width and yarn thickness. It shows to
which extent the loop is filled with yarn in the
width direction, i.e. the widthwise compactness
of the loop [25]. The width loop module is an
inverse value of the width «,, defined by Kor-
linski [27].

We have (Equation 5), where are: a — width
loop module, A - loop width (mm), d,_ - yarn
thickness (mm).

The height loop module is the ratio between
the loop height and yarn thickness. It shows to
which extent the loop is filled with yarn in the
height direction, i.e. the lengthwise compactness
of the loop [25]. It holds (Equation 6), where
are: 3 - height loop module, B - loop height
(mm), dpr - yarn thickness (mm).

The linear loop module is the ratio between the
loop length and yarn thickness [23, 28]. We
have (Equation 7), where are: § - linear loop
module, £ - loop length (mm), d,_ - yarn thick-

ness (mm).
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vrsti (mm), n - Stevilo zanénih stolpcev (zank) v zanéni vrsti, € -
dolzina zanke (mm), A - Sirina zanke (mm).

DolZinski faktor vpletanja niti opisuje razmerje med dolzino in vi-
$ino zanke [27]. Velja:

d= S (4)’

kjer je: v, - dolzinski faktor vpletanja niti, £ - dolzina zanke (mm),
B - vi$ina zanke (mm).
Sirinski modul zanke je razmerje med $irino zanke in debelino pre-
je in kaze, kako je zanka po S$irini izpolnjena s prejo, tj. pre¢no
zbitost zanke [25]. Sirinski modul zanke je nasprotna vrednost
Sirinskega koeficienta zanke a,, ki ga je definiral Korlinski (27).
Velja:

A
d

pr

a= ),
kjer je: o — $irinski modul zanke, A - $irina zanke (mm), dpr —de-
belina preje (mm).

Visinski modul zanke je razmerje med visino zanke in debelino
preje in kaze, kako je zanka po visini izpolnjena s prejo, tj. vzdol-
zno zbitost zanke [25]. Velja:

= (6),

Kjer je: 8 - viSinski modul zanke, A - §irina zanke (mm), d, - de-
belina preje (mm).

DolzZinski modul zanke je razmerje med dolzino zanke in debelino
preje [23, 28]. Velja:

¢

§=—o
d

pr

™),

kjer je: § — dolzinski modul zanke, ¢ - dolZina zanke (mm), dpr -
debelina preje (mm).

Vedji dolzinski modul pomeni ohlapnejso, manjsi pa bolj zbito
strukturo. Za pletiva za razli¢ne namene se dolzinski moduli zan-
ke razlikujejo in zna$ajo 6 = 18-50 [25, 17]. Razmerje med dolZi-
no zanke in premerom preje €/ d , tj. dolzinski modul zanke, so
nekateri avtorji [8, 29-33] imenovali faktor kritja pletiva, preden
in po tem, ko je pojem faktorja kritja K = T,"?/ £ definiral Mun-
den [24]. Grosberg [34] je zbitost strukture opisal s parametrom
d, /¢, 1. z nasprotno vrednostjo dolzinskega modula zanke 8; pa-
rameter d,_/ £ je imenoval nominalni faktor kritja pletiva. Oba pa-
rametra, dolzinski modul zanke § in pravi faktor kritja pletiva K,
opisujeta polnost/poroznost pletiva; faktor kritja pletiva K pri tem
uposteva tudi surovinsko sestavo preje, dolzinski modul zanke ¢
pane.

Ploscinski modul zanke je razmerje med povrs$ino zanke in povrsi-
no niti, ki oblikuje zanko [23]. Opisuje zapolnjenost povrsine zan-
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A higher value of the linear loop module de-
scribes a more open structure, while a lower
value describes a more compact structure. The
loop modules of knitted structures designed for
different end-uses differ and their values are &
=18-50[25, 17].

Before and after the cover factor K = T}'?/ ¢
was defined by Munden [24], the ratio between
the loop length and yarn thickness, i.e. the line-
ar loop module, was called cover factor by some
authors [8, 29-33]. Grosberg [34] described the
compactness of the knitted structure with the
parameter d /¢, i.e. with the inverse value of
the linear loop module 6. The parameter d, / ¢
was denoted the nominal cover factor. Both pa-
rameters, the linear loop module § and the gen-
uine cover factor K, describe the compactness/
openness of the knitted structure. The genuine
cover factor K also takes into consideration the
material composition of the yarn, while the lin-
ear loop module & does not.

The area loop module is defined by the ratio be-
tween the loop area and the area of yarn form-
ing the loop [23]. It describes the filling of the
loop area with yarn. A higher value of the area
loop module describes a more open structure.
It holds (Equation 8), where are: 6p - area loop
module, A - loop width (mm), B - loop height
(mm), € - loop length (mm), dPr - yarn thick-
ness (mm).

The volume loop module is the ratio between
the loop volume and the volume of yarn form-
ing the knitted loop within the fabric [23]. It de-
scribes the voluminosity of the knitted struc-
ture. A higher value of the volume loop module
indicates a more open knitted structure. We
have (Equation 9), where are: &, - volume loop
module, A - loop width (mm), B - loop height
(mm), dpl - knitted fabric thickness (mm), € -
loop length (mm), dpy - yarn thickness (mm).
The Munden constants [5] define the interde-
pendence of individual basic knitted fabric pa-
rameters and knitted loop parameters. They de-
scribe the ratio between the knitted structure
density (uniaxial, area) and the loop length.
The Munden constants are defined as (Equa-
tions 10-14), where are: D - knitted fabric area
density, D, - knitted fabric vertical density, D,
- knitted fabric horizontal density, € - loop
length, and K, K,, K,, K, - Munden constants.
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ke s prejo. Ve¢ji ploscinski modul zanke opisuje ohlapnejso struk-

turo. Velja:

A-B
0 =—r 8),
=7 (8)

pr
Kjer je: 6p - plos¢inski modul zanke, A - $irina zanke (mm), B -
viSina zanke (mm), £ - dolZina zanke (mm), dpr — debelina pre-
je (mm).
Prostorninski modul zanke je razmerje med prostornino zanke in
prostornino niti, ki oblikuje zanko v pletivu [23]. Opisuje volu-
minoznost pletiva. Veéji prostorninski modul zanke opisuje ohla-
pnejso strukturo. Velja:

4-A-B-d
5,= .

T 9)s
pr

kjer je: §, - prostorninski modul zanke, A - $irina zanke (mm), B -

vi$ina zanke (mm),

dpl — debelina pletiva (mm), € - dolzina zanke (mm), dpr - debeli-

na preje (mm).

Mundenove konstante [5] definirajo odvisnost posameznih temelj-

nih parametrov pletiva in zanke. Opisujejo razmerje med gosto-

to pletiva (enosmerno, ploskovno) in dolzino zanke. Mundenove

konstante so definirane:

Kl
D= 7 (10),
KZ
D, = . (11),
K3
D,= . (12),
K =K, -K (13),
Dv KZ
= =K (14),
Dh K3 !

kjer so: D - ploskovna gostota pletiva, D - vertikalna gostota ple-
tiva, D, - horizontalna gostota pletiva, £ - dolZina zanke in K, K,
K, K, - Mundenove konstante.

3 Raziskave

Tompkins [1] je med prvimi matemati¢no zapisal medsebojno od-
visnost parametrov pletiva in zanke. Tompkinsov zakon definira,
da je produkt vertikalne in horizontalne gostote pletiva pri dani
dolzini zanke konstanta, torej Ce je £ = konst., je D = D - D, = konst.
Debelina enostavnega levo-desnega pletiva je enaka dvakratni de-
belini preje, torej d, = 2d .
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3 State of research

Tompkins [1] was one of the first researchers
who mathematically defined the interdepend-
ence of the knitted fabric parameters and loop
parameters. The Tompkinss law defines that
with the noted loop length, the product of the
vertical and horizontal density of the knitted
fabric is a constant, therefore if € = const., D =
D, - D, = const. The thickness of the basic single
weft knitted fabric equals the double yarn thick-
ness, i.e.d, =2d .

Doyle [2] defined the open and the compact
knitted structure descriptively and graphical-
ly, yet not mathematically. On the basis of ex-
tensive experimental work, he established that
the area density of the dry relaxed knitted fab-
ric is exclusively a function of the loop length,
and that it depends neither on the yarn type
and yarn structure nor on the knitting process.
It holds: D =19.3/ ¢

That means that even before Munden [5], Doyle
defined the value of the constant K = 19.3 valid
for the real knitted fabrics, which are mainly of
normal or approximately normal structure.

On the basis of the loop geometrical propor-
tions derived from Tompkinss law [1] and
Peirce’s loop model [4], Shinn [3] defined the
linear loop module equal to Peirces: § = 16.66.
The ratio between the vertical and horizon-
tal density of the knitted fabric which was lat-
er defined as the loop shape factor by Munden
[5] was found K, = 1.15. With his experimental
work, Shinn established a good correlation be-
tween the practically measured and theoretical-
ly defined loop shape factor K. Shinn’s research
was based on Peirce’s planar loop model [4]; the
lengthwise and widthwise joints of the needle
and sinker arcs indicated that only the normal
knitted structure was anticipated. Simultane-
ously, the value of the constant K = 1.15 signi-
fies the value of the density coefficient C = 0.87
(K,= 1/ C), which corresponds to the value of
C, defined for the normal knitted structure by
Dalidovi¢ [6].

Nutting [7] determined the structural param-
eters of knitted fabrics in the process of relax-
ation based on Doyles [2] and Munden’s [5]
conclusions. He analysed woollen single weft

structures with different knitted fabric densities,
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Doyle [2] je ohlapno in zbito strukturo opredelil opisno in slikov-
no, ne pa tudi matemati¢no. Na podlagi obsirnega eksperimental-
nega dela je ugotovil, da je ploskovna gostota suho relaksiranega
pletiva izklju¢no funkcija dolzine zanke in ni odvisna od vrste in
strukture preje, niti od postopka pletenja. Velja: D = 19,3 / ¢%.

To pomeni, da je Doyle Ze pred Mundenom [5] dolo¢il vrednost
konstante K, = 19,3, ki velja za realno pletivo, vec¢inoma normalne
oz. priblizno normalne strukture.

Shinn [3] je na podlagi geometrijskih razmerij zanke, izpeljanih
iz Tompkinsovega zakona [1] in Peirceovega modela zanke [4],
dolo¢il, da je dolzinski modul zanke enak Peirceovemu: & = 16,66.
Razmerje med vertikalno in horizontalno gostoto, ki ga je pozne-
je Munden [5] definiral kot faktor oblike zanke, je K, = 1,15. Z ek-
sperimentalnim delom je ugotovil dobro korelacijo med prakti¢no
izmerjenimi in teoreticno dolocenim faktorjem oblike zanke K.
Shinnove raziskave so se opirale na ploskovni Pierceov model zan-
ke [4]; vzdolzno in pre¢no stikanje igelnih in platinskih lokov je
pomenilo predvidevanje izklju¢no normalne strukture pletiva.
Hkrati vrednost K, = 1,15 pomeni vrednost koeficienta gostote C =
0,87 (K,= 1/ C), ta pa ustreza vrednosti C, ki jo je za pletivo nor-
malne strukture podal Dalidovi¢ [6].

Nutting [7] je na podlagi sklepov Doyla [2] in Mundena [5] ugo-
tavljal strukturne parametre pletiv v procesu relaksacije. Analizi-
ral je volnena votkovna levo-desna pletiva razli¢nih gostot, tj. na-
pletena iz prej razli¢ne dolzinske mase. Preiskovana pletiva so bila
razli¢no suho in mokro relaksirana. Ugotovil je, da se Mundeno-
va konstanta K, za preskusana mokro relaksirana pletiva zbite do
ohlapne strukture odli¢no ujema z vrednostjo, ki jo je za mokro
relaksirano volneno pletivo eksperimentalno dolo¢il Munden [5],
K, =21,6. K, za pletiva, ki so bila poleg mokre relaksacije tudi to-
plotno obdelana v vodi oz. pari, je za vse strukture, od zbite do
ohlapne, K, =22,5-24,4.

Fletcher in Roberts [8] sta po petih ciklih pranja merila strukturne
parametre neobdelanih in pozneje obdelanih volnenih pletiv, ple-
tenih iz prej razlicne dolzinske mase in z razlicno dolzino zanke.
Dolzinski modul zanke 6 = £/ d, za preiskovana pletiva (preracu-
nan iz podanih rezultatov d, / £) se je v odvisnosti od uporabljene
dolZinske mase preje in napletene dolzine zanke gibal v mejah § =
9,64-22,32. Faktor kritja K = T,'*/ £, preracunan iz podanih rezul-
tatov K = 1 / ¢N"2, se je gibal v mejah K = 1,01-2,19 tex"-mm™".
Fletcher in Roberts sta torej preiskovala pletiva zbite do ohlapne
strukture. Iz rezultatov njunih preiskav je videti, da se pletivo z ve-
¢jim dolzinskim modulom zanke, tj. ohlapnejse pletivo, pri rela-
ksaciji po petih pranjih bolj kréi. Skupno plos¢insko kréenje nara-
$¢a z zmanjsanjem razmerja vertikalne in horizontalne gostote K.
Hurley [9] se je ukvarjal z dimenzijsko stabilnostjo votkovnega le-
vo-desnega pletiva iz predivnih prej, spredenih iz razli¢nih vrst po-
liakrilonitrilnih vlaken. Preskusana pletiva so bila napletena z dve-
ma globinama kuliranja; bila so surova in naknadno obdelana ter
suho in mokro relaksirana po razli¢nih postopkih. V svojem eks-
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i.e. fabrics made from various yarns with dif-
ferent linear densities. The investigated knitted
fabrics were dry and wet relaxed with various
processes. He established that the Munden con-
stant K, for the investigated wet relaxed knitted
fabrics with a compact to open structure cor-
responds perfectly to the value, defined for the
wet relaxed woollen knitted structure by Mun-
den [5], K, = 21.6. K, for the knitted fabrics
which were wet relaxed and additionally heat-
treated in water or steam was K, = 22.5-24.4
for all structures, from compact to open.
Fletcher and Roberts [8] measured after five cy-
cles of laundering the structural parameters of
greige and after-treated woollen knitted fabrics
made from yarns of different linear density and
different loop length. For the investigated knit-
ted fabrics, the linear loop module § = €/ dpr
(calculated from the given results of d / £) was
found in the range § = 9.64-22.32, depending
on the yarn linear density and loop length. The
cover factor K =T/ € calculated from the giv-
en results by K = 1/ €N" was in the range K =
1.01-2.19 tex"?mm~'. Thus, Fletcher and Rob-
erts investigated knitted fabrics from a compact
to open structure. From their results, it is evi-
dent that the knitted fabric with a higher value
of the linear loop module, i.e. more open struc-
ture, exhibits higher relaxation shrinkage after
five laundering cycles. The total surface shrink-
age increases with the decrease in the ratio be-
tween the vertical and horizontal density, i.e.
constant K.

Hurley [9] studied the dimensional stability
of single weft knitted fabrics made from yarns
spun from different types of polyacrylonitrile fi-
bres. The investigated fabrics were knitted with
two couliering depths. They were greige or after-
treated, and dry or wet relaxed in various proc-
esses, respectively. In his experimental work,
Hurley analysed the knitted structure by meas-
uring the horizontal and vertical density, and
calculating the loop shape factor, i.e. Munden
constant K, [9]. From the research results, it can
be seen that in most cases, K, for the dry and
wet relaxed polyacrylonitrile single weft knitted
fabric differs significantly from the theoretical
value K, = 1.3 [5]. The most evident deviation
of the measured values from the theoretical val-

ues of K, can be seen with the after-treated wet
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perimentalnem delu je analiziral strukturo pletiva z merjenjem ho-
rizontalne in vertikalne gostote ter izra¢unavanjem faktorja oblike
zanke oz. Mundenove konstante K, [5]. Iz rezultatov njegovih pre-
iskav je videti, da K, za suho in mokro relaksirano poliakriloni-
trilno votkovno levo-desno pletivo v veéini primerov pomembno
odstopa od teoreticne vrednosti K, = 1,3 [5]. Najvecje odstopanje
izmerjenih vrednosti K, od teoreti¢nih je pri naknadno obdelanih
mokro in suho relaksiranih pletivih, kjer je v vseh primerih, razen
enega, K, < 1,0. S toplotnim utrjevanjem dimenzij pletiva se odsto-
panje K, po suhi in mokri relaksaciji zmanj$a. Ravnotezna oblika
zanke je funkcija toplotne zgodovine poliakrilonitrilnega pletiva.
Hurley in Duby [10] sta v nadaljnjih raziskavah dimenzijske stabil-
nosti poliakrilonitrilnega pletiva iz voluminozne preje ugotovila,
da je ravnotezna vrednost faktorja oblike zanke K, = 1,3 [5] dose-
zena le pri pletivu, pletenem z najmanjso globino kuliranja, tj. ver-
tikalno najbolj zbitem pletivu.

Knapton et al. [11] je preiskoval volnena votkovna levo-desna ple-
tiva iz prej razlicnih dolzinskih mas, pletenih z razli¢no dolzino
zanke, tj. pletiv z razlicnim faktorjem kritja. Ugotovil je, da za ple-
tiva v popolnoma relaksiranem stanju velja Mundenova konstanta
K, = 23,1 + 1,0. Faktor oblike zanke je neodvisen od faktorja kritja
in je v popolnoma relaksiranem stanju konstanta: K, = 1,30 + 0,05.
Z nara$¢anjem dolzine zanke se zmanjsa debelina suho in mokro
relaksiranega pletiva. Debelina popolnoma relaksiranega pletiva
je odvisna od debeline preje in neodvisna od dolzine zanke. Defi-
nirati je mogoce konstanto K, — Knaptonovo konstanto, ki dolo¢a
debelino pletiva d | v odvisnosti od debeline preje d . Velja d | =
dp,‘Ky pri cemer je K, v mejah K, = 4,8-6,8.

Hepworth in Leaf [12, 13] sta v svojem mehanskem modelu zan-
ke, ki predvideva, da je preja nestisljiva in da v zanki ni trenja, de-
finirala, da je struktura pletiva vzdolzno zbita, ¢e je dolzinski mo-
dul zanke 6 < 32.

Shanahan in Postle [14] sta teoreti¢no analizirala nastanek zbite
strukture pletiva. V ohlapni strukturi pletiva se preje dotikajo le
v tockah prepleta, v zbitih strukturah pa se stikajo tudi na drug-
ih mestih. Pletivo je zbito, kadar je minimalna razdalja med ose-
ma prepletajocih se prej manjsa od premera (debeline preje), kar
pomeni, da je preja stisnjena. Shanahan in Postle [14] sta v svo-
ji analizi lo¢ila pre¢no in vzdolino zbito strukturo pletiva. Pre¢na
zbitost pletiva nastopi, ko se stikajo platinski oz. igelni loki dveh
sosednjih zank ene zan¢ne vrste. Vzdolzna zbitost pletiva nastopi,
ko se stikajo igelni loki ene zanc¢ne vrste in platinski loki naslednje
zan¢ne vrste. Shanahan in Postle [14] sta s teoreti¢no analizo ugo-
tovila, da ima pletivo pre¢no normalno ali ohlapno strukturo, ¢e
je dolzinski modul zanke 17 < § < 21. Pre¢no zbita struktura na-
stopi pri vrednosti § < 16. Mejni dolzinski modul zanke, pri kate-
rem nastopi vzdolzna zbitost strukture, je odvisen od kota prepleta
¢, definiranega v mehanskem modelu zanke [15]. Vzdolzna zbitost
pletiva nastane pri dolzinskem modulu zanke § < 16,4, e je sine =
0,055, in pri dolzinskem modulu zanke § < 18,4, ¢e je sine = 0,050.

Tekstilec, 2010, letn. 53, $t. 79, str. 205-214



and dry relaxed knitted fabrics where the loop
shape factor was K, < 1.0 in all cases but one.
With heat-setting of knitted fabric dimensions,
the deviation of the K, values after the dry and
wet relaxation decreases. The equilibrium loop
shape is the function of thermal history of the
polyacrylonitrile knitted fabric.

In their further investigations of dimensional
stability of polyacrylonitrile fabrics made from
voluminous yarns, Hurley and Duby [10] es-
tablished that the equilibrium value of the loop
shape factor K, = 1.3 [5] can only be attained in
the case of the structure knitted with the small-
est couliering depth, i.e. in the case of the most
vertically compact structure.

Knapton et al [11] investigated woollen single
weft knitted fabrics made from yarns of vari-
ous linear densities and knitted with various
loop lengths, i.e. knitted fabrics with various
cover factors. They found out that for the knit-
ted fabrics in a fully relaxed state, the Munden
constant is K = 23.1 1.0. The loop shape fac-
tor is independent of the cover factor. In a fully
relaxed state, it is a constant: K = 1.30 £0.05.
With the loop length increase, the thickness of
the dry and wet relaxed knitted fabric decreas-
es. The thickness of the fully relaxed knitted fab-
ric depends on yarn thickness and is independ-
ent of the loop length. The constant K, can be
defined as that it indicates the fabric thick-
ness d dependence on the yarn thickness d. It
holds that d = d - K, where K_ values are in
the range of K, = 4.8-6.8.

In their mechanical loop model, which pre-
sumes that yarn is incompressible and that
there is no friction within the loop, Hepworth
and Leaf [12, 13] defined that the knitted struc-
ture is lengthwise compact if the length loop
module is § < 32.

Shanahan and Postle [14] theoretically ana-
lysed the origin of the compact knitted struc-
ture. In an open structure, the yarns join only
at interlacing points, while in compact struc-
tures, they also join at other points. The knit-
ted fabric is compact when the minimum dis-
tance between the axes of the interlacing yarns
is smaller than the yarn diameter (yarn thick-
ness), which means that the yarn is com-
pressed. In their analysis, Shanahan and Pos-

tle [14] distinguished between a width- and
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Lasi¢, Vrljicak in Srdjak [16] so raziskovali vpliv strukture pre-
je in procesnih parametrov pletenja na stukturne parametre ple-
tiva. Preskusali so bombazno in poliakrilonitrilno pletivo iz prej
razli¢ne dolZinske mase, pleteno z enako globino kuliranja. Rezul-
tati raziskave so pokazali, da je bil koeficient gostote za preskusana
pletiva C = 0,677-1,07. Dolzinski modul zanke za preskusana ple-
tiva je bil § = 14,9-30,8, povrsinski §, = 0,79-1,58, prostorninski
pa 8, = 3,43-5,11. Sirinski faktor vpletanja niti je bil v, = 3,67-4,55,
razmerje med debelino pletiva in debelino preje pad /d =K =
2,33-3,78. Vzorci s povrsinskim modulom zanke 8p < 1 so imeli
zelo zbito strukturo.

Srdjak in Cuk [17] sta ohlapnost oz. zbitost pletene strukture de-
finirala s poroznostjo pletiva. Njuna definicija je dvoplastna: po-
leg poroznosti strukture pletiva uposteva tudi poroznost preje in
vlaken. Primarna poroznost pletiva je dolo¢ena z velikostjo med-
prostorov v mnozici med seboj povezanih zank, nastalih s preple-
tanjem. Sekundarna poroznost pletiva je dolocena s poroznost-
jo surovine, iz katere je izdelana pletena struktura; nanjo vplivata
struktura in gladkost povrsine preje. Velikost medprostorov v preji
je odvisna od dolzinske mase, debeline in vitja preje.

Srdjak in Cuk sta v svojem eksperimentalnem delu [17] ugotovila,
da je poroznost pletiva bistveno odvisna od horizontalne in verti-
kalne gostote pletiva. Povecana globina kuliranja povecuje poroz-
nost. Razli¢ne debeline preje pri enaki globini kuliranja pomemb-
no vplivajo na poroznost. Z relaksacijo se pri vseh preiskovanih
vzorcih povecujeta horizontalna in vertikalna gostota, kar vodi k
zmanj$evanju poroznosti pletiva.

Besker, Srdjak in Vrljicak [18] so ugotavljali odvisnost struktur-
nih parametrov levo-desnega pletiva od dolzine zanke ter njihov
vpliv na uporabne lastnosti pletiva. V svojem delu so primerjali
teoreti¢no izracunane in ekperimentalno dobljene parametre zan-
ke in pletiva ter ugotovili, da je izdelava pletiva zeljene strukture
in lastnosti na vsakem stroju zahteven proces. Rezultati njihove-
ga eksperimentalnega dela kazejo, da globina kuliranja ne vpliva
bistveno na horizontalno gostoto pletiva. Z zmanj$anjem globine
kuliranja se zmanjsa dolZina zanke, poveca se vertikalna gostota
pletiva, zmanjsa se koeficient gostote ter poveca plosc¢inska masa.
Lasic [19] je raziskoval medsebojno odvisnost strukturnih param-
etrov desno-desnega pletiva: debeline pletiva, horizontalne in
vertikalne gostote pletiva, koeficienta gostote pletiva, plos¢inske
mase ter dolzinskega, plos¢inskega in prostorninskega modula
zanke od faktorja kritja pletiva. Ugotovil je, da so strukturni pa-
rametri pletiva in moduli zanke pomembno odvisni od faktorja
kritja pletiva.

Quayanor, Takahashi in Nakajima [20] so raziskovali strukturne
parametre, povr$insko trenje in hrapavost svilenega, bombaznega
in poliestrskega votkovnega levo-desnega pletiva, pletenega z dve-
ma razli¢nima gostotama. Faktor kritja preiskovanih vzorcev ple-
tiv je bil K = 0,996-1,606 tex"?’mm-, koeficient gostote pletiva pa,
glede na podatke o horizontalni in vertikalni gostoti pletiva, C =
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lengthwise compact knitted structure. The
widthwise compactness occurs when the sink-
er or the needle arcs of the two adjacent loops
of the same knitting course are in contact. The
lengthwise compactness occurs when the needle
arc of one knitting course and the sinker arcs of
the next knitting course are in contact. By the-
oretical analysis, Shanahan and Postle [14] es-
tablished that the knitted structure is width-
wise normal or open if the linear loop module
is 17 < § < 21. The widthwise compact struc-
ture occurs at the value § < 16. The limit value
of the linear loop module by which the length-
wise compactness of the structure occurs de-
pends on the interlacing angle € defined by the
mechanical loop model [15]. The lengthwise
compactness occurs with the value of the linear
loop module § < 16.4 if sine = 0.055, and with
the value of the linear loop module § < 18.4 if
sine = 0.050.

Lasi¢ and Vrljicak and Srdjak [16] investigated
the impact of the yarn structure and the knit-
ting process parameters on the structural pa-
rameters of knitted fabrics. They examined cot-
ton and polyacrylonitrile knitted fabrics made
from yarns of various linear densities and knit-
ted with the same couliering depth. The results
of the research indicated that the density coef-
ficient of the examined knitted fabrics was C =
0.677-1.07. The linear loop module for the ex-
amined knitted fabrics was § = 14.9-30.8 while
the area loop module was 6p = 0.79-1.58 and
the volume loop module was 8, = 3.43-5.11.
The width interlacing factor was v_= 3.67-
4.55 and the ratio between the knitted fabric
thickness and yarn thickness was d/ d_= K,
= 2.33-3.78. The structure of the samples ex-
hibiting the area loop module §,< 1 was very
compact.

Srdjak and Cuk [17] defined the openness and
compactness of the knitted structure by its po-
rosity. Their definition is two-step: apart from
the knitted structure porosity it also considers
the porosity of the yarn and fibres. The prima-
ry porosity of the knitted structure is defined by
the size of the interspace in the set of loops con-
nected by interlacing. The secondary porosity of
the knitted structure is defined by the porosi-
ty of the raw material from which the knitted

structure is made. It is influenced by the struc-
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0,47-0,67. Rezultati raziskav kazejo, da se je po desetih pranjih
vzdolzno najbolj kréilo svileno pletivo, ki je imelo najmanjsi faktor
kritja. Poliestrsko pletivo je kazalo negativno kréenje.

4 Sklepi

Razli¢ni avtorji so na podlagi Studija teoreticnih geometrijskih
modelov zanke in eksperimentalnih raziskav dejanskih pletiv de-
finirali podobne vrednosti parametrov pletiva, ki opisujejo zbitost/
poroznost pletene strukture.

Preiskovano je bilo ve¢inoma volneno, poliakrilonitrilno ter
bombazno, pa tudi svileno, viskozno in poliestrsko pletivo. V zad-
njih desetletjih se je obsirneje preiskovalo raztezno pletivo z vple-
tenimi (platiranimi) elastanskimi nitmi.

Zbitost/poroznost strukture je bila najpogosteje ocenjeva-
na na podlagi vrednosti dolzinskega modula zanke, Mundeno-
vih konstant, faktorja oblike zanke oz. koeficienta gostote pletiva
ter faktorja kritja pletiva. Redkeje je bila ocenjevana na podla-
gi izra¢unanih vrednosti plos¢inskega in prostorninskega modu-
la zanke. Ocenjevanja horizontalne in vertikalne zbitosti realne-
ga pletiva na podlagi $irinskega in viSinskega modula zanke ter
$irinskega in vi$inskega faktorja vpletanja niti v znanstveni litera-
turi ni zaslediti.
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ture and smoothness of the yarn surface. The
size of interspaces within the yarn depends on
the yarn linear density, yarn thickness and yarn
twist.

In their experimental work, Srdjak and Cuk
[17] established that the porosity of the knitted
structure is significantly dependent on the hori-
zontal and vertical density of the knitted struc-
ture. The increased couliering depth increases
the structure porosity. With the same coulier-
ing depth, various yarn thicknesses significant-
ly influence the structure porosity. The horizon-
tal and vertical density of the knitted structure
increase with relaxation, which leads to a de-
crease in the structure porosity.

Besker and Srdjak and Vrljicak [18] studied
the dependence of structural parameters of the
single weft knitted structure on the loop length
and their influence on performance properties
of knitted fabrics. In their research, they com-
pared the theoretically calculated and experi-
mentally measured values of the loop and knit-
ted structural parameters. They established that
the production of the knitted fabric with the de-
sired structure and properties on any knitting
machine is a very complex process. The results
of their experimental work show that the coul-
iering depth does not significantly influence the
horizontal density of the structure. With the
couliering depth decrease, the loop length de-
creases, the vertical density of the structure in-
creases, the density coefficient decreases and the
knitted fabric mass per unit area increases.
Lasi¢ [19] investigated the interdependence of
the structural parameters of double weft knitted
fabrics, i.e. fabric thickness, horizontal and ver-
tical density, density coefficient, mass per unit
area, linear loop module, area lop module, vol-
ume loop module and cover factor. He estab-
lished that the structural parameters of knitted
fabrics and loop modules depend on the cover
factor.

Quayanor and Takahashi and Nakajima [20]
studied structural parameters, surface fric-
tion and the roughness of the silk, cotton and
polyester single weft knitted structure, knitted
in two different densities. The cover factor of
the investigated samples was K = 0.996-1.606
tex"?mm', and according to the horizontal and

vertical density, the density coefficient of the in-
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vestigated structure was C = 0.47-0.67. The re-
sults of the investigation showed that after ten
cycles of laundering, the silk knitted fabric with
the smallest cover factor exhibited the biggest
lengthwise shrinkage. The polyester knitted fab-

ric exhibited a negative shrinkage.

4 Conclusions

On the basis of the studies of theoretical geo-
metrical loop models and the experimental re-
search of real knitted fabrics, various authors
have defined similar values of knitted structure
parameters describing compactness/porosity of
the knitted structure.

Mainly the woollen, acrylic and cotton, as well
as silk, viscose and polyester knitted fabrics
have been investigated. During the last decades,
elasticised knitted structures with interlaced
(plated) elastane threads have been investigat-
ed extensively.

The compactness/porosity of the knitted struc-
ture was most frequently evaluated on the basis
of the length module, Munden constants, loop
shape factor or density coefficient respectively,
and cover factor value. Rarely, it was evaluat-
ed on the basis of the surface and volume loop
module values. There is no trace in the scientif-
ic literature of the horizontal and the vertical
compactness of the real fabric evaluation on the
basis of the width and height loop module, and
the width and length interlacing factor.
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