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El-Gaiar, M.N. and Shehin A"

ABSTRACT

The Lhghiness of fa1 ilb, half card il Fudl anrdiges strug bures
eauld be exprossed in terms of the physl parssatern pecking dersily co-
afijcient @, haronses (M) and compression energy cosfficient th).  [heoe
parsmmters are wall relsted to structure bightness factor (IF), while @
srd M bend Lo Increase wilth the increasa of tightress faetor; b bends Ko
decrense, [he pocking density confficiant i is wellgrelsted Lo Lightness
factor by & rolalionanip bn the fom af; @ = K* (IT)7, where € is & conalent
for sach structute. The product of hardness end cospresaion srergy coeffi-
clent for all structures |= cometart, i.e. Mb = &), and the relstlve Ligh-
tress represeied by § for Wl rib, balf cerdigen and MNall cardigan strue-
turen in Vi@.885:0.872 respectively.

1. IKTRODUCTION

Tha purpose af Lha presant =ark is La Find phynical para-
sesimrs Emal could be wned in describing Lhe cegres af Lightesss
for cospactness of meft knitted structures. &lse to find com-
man parsmelers thal could be used for comparing ihe Light=eus
gl various tesiile structures relative Bo Enitted slrucialfos.

Ffgr welli knitied Fabrics, the bmema cowver Fachar, er Lighs
toemn sre aliernatively ueed to sperify the degree of tightnews
ar openness of the strocture. Cerlier and for practiesl purposes
the tightness has been expressed as 1/] [whers | dw Lhe loop
langth and N the indirect yarn countl. In fact thim espressien
ond becaume of the numbor of assusptions and e=issiane, cannal
be regarded as representing “the fractionnl arsm wocu Ild by Lnhe
knititad loop”. But fros the practieal point of view Eha formuls
141 Y% in eanjly eaiculated and hes canaldarsble potential on the
Ffastory Floar, i||i|d generelly it should not be described s @
apanury af pover®.

hlth" propaosed Lhe use of the Lerm “tightness factor"
e descrite dweh a Farmula, end this recommsndablon will he
gana i déred hare, although we prefor Lo useyLhe ters Structoral
Lightress Fegtor (SIF) propose=d by Eneplon™, sspecially whan
dealing »ith casples welfl enitted structures such as kalf zar-
digan and Full cardigan.

———
* Aggoc. Prof. at tne lextile Engimeering Owp., Fecully of
Inginsaring, El-Manscura Universaly.

*¢ Leclurer at the Testile Engiasering ODep., Facwliy of Dngioewr-
ing, Cl-Mansours Usiwersity.




TI “ H‘G‘h* Hl- "i w smh'. ﬂ-

An alhernative forsula in the form of; Wlex/1l wes almo
introduced , whare tex in the llnear denolky af the yarn and
1 Lle the loop lenth in metric unites. However thesc methaods lor
expressing tightness produce scales of measurment u1i¢h owerlap
gnd this eould cauce confusion. For example Knaptan® defined
the stcuctural tightness Factor (STF) as:

K, VW
SIF - “EesL sr=ua (1]

Whore SCSL is the structural-cell stitch length, K_ io the
structural-cell stilch density and N L& Lhe yarn 1Tnear denaity

in tex.

However these diffarent deflinitions for tightnesa do nat ”
a lter the ranking of fobrics when the atiteh densily constant
{K_) is compared for different fabrics. In the absence of a
lilﬂln definition Ffor btightness (since the sbowe definitions
hive begn uped for either o "practical® or an "acndemic reapmans),
we heve waed Lhe simple formuls for calewlating the tightness
factor [(TF) Ffor all struetures; L.o. .

iF = dlﬂ* ."l -:it-tEJ
Where 1 io the mversge loop length In the repeat unit in Cmu.

In additioh to Lhe abave, other parameters have been men-
tloned in the literaturs of textiles and used to express the
degree of compactness of the textile structure, such as pagking
denuity coefficient (), and hardness (W)}. Those physical psr-
amaters have not been examined in dotnlils especially for knitted
fabrics. In the present work these parameters have been asdopted
for knitted structures and examined Tor ix1 rib, bhalf cardigan
and full cardigan structures.

2. Specifications of Febrics

The fabrics vsed in the present work ore namely 1xt rib,
half cardigan wnd Full cardigan, =1l knitled From acrylie yacn
(Varlous number of ends were usod to alter the count), and lefk
to relax in sir for 72 hours, before being meanured For loop
tength, stitch densily, mass/unit srea and thickness.

3. Thicknesa-Pressure Relationship

Since the calculation of peeking density coefficlent, and
Fabric hardness necessitates the determination of fabric thick-
neas, hence it was necessery to determine first the pressure at
which thiekress should be wessured. To find thls for the 32
fabric of the present work, thicknEll wgs peasured at pressure
ranges betwsen 0,20 and 104.2 g/fem™. & relationship in the

Ffarm of;
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t =8 + b,p*c I-IIO{:}

was lound auitubhl to relata the thickness (t) to,the pressure
“n" whiere a is the thicknesg measured at 104.2g/cm”, "c" is a
correction for the presgure, and "b" is a constant. Over the
range of pressure usad b was nppr!xlnltnly constant at pressures
tanging between 0.20 and 1.2 g/cn”™ for majority of fabrics.

Also over this range the difference (%) belween thickness st

any pressure and thet measured ot 0.2 g/em” was not more than
5%, (i.e. within the permissible expetimenkal error). Henco b
could be obtained directly at P = 0.6 g/cm™, since the average
b-value abtained is very clome to,that calculsted at this pres-
sure. The value of b at 0.6 g/cn” ( .6 ) was used for calcu-
lating packing density ccefficient (@) and hacdness (H)., This
is more logic since the thickness used in the packing density
coefficient equation should be measured sctually at Zero pres-
sure, but because of the practical difficulty of this, the i
choice of the pressure at which thicknesas is measured, was
arbitrary, but as low as possible and within the lowest pressure
provided by the thickness meter used.

4. Relationship between Tightness Factor, Packing Density
Coefficient and Fabric Hardneea

The packing density coefficlent (B) is calculated From the
equalion:
'ﬂiﬂfftt 10-’ !ofr-{“}

Where M is the moes/unit area (qfaz}. P is fibre density(g/em’)
and t is fobric thickness (mm). The thlckners used in this
equation ig measured at pressure = 0.60 g/cm”.

Fabrie hacrdness (H) is eelculated From the equaticn:
P
H = ’z - P1ft1 == t? ‘!cﬂ f'“ -....(5?

Whera P, = 0.6 qfcnz, and P, = 104.2 g!cuz (the maximum,pressuce
nv-iluhln in the thicknuus-aest'r using a fool of 50 cm™), and
t, and tz ara the Lhickness measured at Lhese pressures respec-
tlully. The definition of hardness and the above hardness equu-
tion has been originally proposed by Pierce  for woven Ffabricu.

Plotted in Figs. 1 and 2 the values of packing density co-
efficient (#) and hardness (H) versus tightness facter (TF)
respectively for 1x1 rib, half eardigen snd full cardigan. 1t
is evident from the plots that both @ and H tend to increase
with tightness faclor, and Lhat 1x1 rib shows the highest packing
density cosfficient and hardness compared with that of half and
full eardigan structures. These results show that the introduc-
tion of tuck loops in the knit-cell reduces the packing cf stitches
within the knit-cell, and hence leeds to & reduction in hardness.
One hes to rememher that both half and full cardigan structures
are originally based en 1x1 rab structure.
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Civen in Tabhle 1 the range of tightness fector (TF),
packing density coefficient (B) ond hardness (H) far various

structures.

Table 1: Henge of 17, B and H Values for 1x1 Rib, Halrl
Cardigan snd Full Cardigesn.

S Range of Range of Aange af

Structurwe r diw 1ﬂ} H
teax?, ety (dimensionless) Eq):mzfnnﬁ
1%1 Rib B.11=13.71 52.4-121.1 32.%-72.9
Full Cardigan 9.23-14.50 8Z.5- 90.9 20,9-33.9

5. Theoritlcel Relstionship betwesn Packing Denaity Coefficient
(@) and Tightnese Facter (TF)

The equation of packing density coefficient; i.e.
€ : M/Pt x 107 TS

Could be rearceanged and re-weitbten ¢n terns of knitted fabrie
geometry. It was possible to prove” thot for any wefb knibted
structure the massfunit eree (H) couwld be written ne:

K o Tex
[ gfll svesa(T)
101

Where 1 as the loep length, tex is the linear denzity of Lhe
yarn, and K_ ie the stitch density constant. In the pressent
work the vafue of K_ w3s obtained from linding Lhe relslionsnip
totwaen the stiteh Jensily (S) and leop length (1), a-e.

‘t’ - 4 5-1 }-
Hence equ. & becomes;
‘ ;'EI
[ Mol ¢ ol ®)
wfPiu
but since F s Tex /1

Lhen eiqu. B becomen;
[ f{'r}- i-:
g -2 x 10
1mre

Ao cessnl?)
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Ihis equation shows that @ will be a function of the Ligh-
tness factor (TF), if the parameter VTex/t is constent for any
particular weft knitted structure, since K_ and P are also con-
ctants for any structure knitted from & pa!tleular type of yarn,
To prove this point the values of VI/t were plotted versus tigh-
tness factor (Fig., 3), and was interesting to find that the
relationship is linear and passing through the origin, hence we
can write equ. 9 es:- 2

K'.K‘ (1F)

@ = x 10~° cerea(10)
0P

Where K'is the slope of the line for each structure. Then fram
the knowledge of K_, K'and £ , the equation cf packing density

coefficient and ti§htness ractor for scrylic knitted strutures

in the dry state could be written as:-

fFor ix1 Rib; g = 0.739 (TF)2 RO Ty
For Half Cardigan;¥ = 0.520 (TF)% ceeea(12)
For Full Cardigani@ = 0.465 (TF)> ceeea(13)

From tnese equations it is evident that the relative packing
density coefficient (or tightness) at equol tightness factor,
will be 1:0.685:0.612 for 1x1 rib, half cardigan and full car-
digan structures respectively.

Plotted inzfig. 4 the values of @ as obtained from equs. 6
and 10 respectively. The correlation coefficient r = 0.988 and
highly significant at the 5% level.

6. Relationship between the Compression Parsmeter "b", Tightnuss
Factor (TF) and Hardness (H)

Plotted in Fig. 5 the values of b versus tightness factor
for 1x! rib, half cardigan and full cardigan. It is evident
from the plot that b tends to decrease with the increase of
tightness factor. This relationship is the reverse of that
found between hardness and tightness facter for the same
struectures. According tc the definition of b, iIL represents
the energy absorbed in compression, hence one would expect
this value to be low for hard to press structures and vice-
versa. This is more clear from Fig. 6 in which the values of
b are plotted versus hardness for all structures. Also [t is
interesting to find that the product of hardness (H) and com-
pression encrgy parameter b is always conctant irrespective of
the structure, i.e. Hb = 435, This result could be proved from
the originsl definitions of H and b as follows:

P

- P
1“..2 006 '/e.z}" -no-l(14)
tn.s - t104.2

Since H &
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“ . = {".' - ‘I'“-I}tr - tl lllllt“.
(the thickgeas "t° is measured st pressures P r 0.40, and
106 .7 -gfca” )
than #qu. T8 gouwld Be wriltem as;
: M (] illl"‘
bflp = )

the valwe of (P + C) ma determined rr!- the thickneas-
pressuce relotionship is equal to 4.2 gfem’, then equ. 16
bucomes: H b 7 UAS Ry o ra)

For the rams of the extreme pressure values used in the experiment,

7. Comaral Dilscuseion and Conclusions

It ie avident fram the results eblsined Lhat the tightness
of Yal rin, half cordigan and Tull cardiges structures could be
expregsed In Lerws of Lre ical parameters, pachking denaity
coefficient (#), mardrc-s (H) and cospress.on energy coelflici-
ent (8 } instepd of the classical tightness Factar, since
thess peransters sre well correlatzd Lo tightnese Feclor. 'hess
parsseters could now remgve Lhe confusion srising from Lhe lack
af » real ®efinitior of tightness of Wnitted structure, jince
in 8il the attempis made For Lhis purpase, investigators™ =ere
l-“iﬂ Ffaw [T .tillll}r rgmbe g 1!‘i.l||l‘ a8 pRist oA @n Emrbi-
trary scale of valuss Lhot allos judgement Lo be sade sboutl Lhe
reles;ive compaclness or epemercia of 2 structure when EAgRLud.
It iv &ngwn Lhat to produce an gspreswion for true loop cover,
it 18 necessary to conmider: a) Lhe projected length of yarn
per stiteh ralher than the actusl length; B} the affect of sarn
pvariap in the sitructurs, snd c] ihs fye ymrn diasmsker in Lhe
febric at the wvarious parts of the loop®

Far Yx1 rib, half cardigsn and Full gerdigen miructures the
foellosing conelusiaons are Found:-

1) Packing densily conflicient and hardngss Lend te incro-
ane wilh Lhe jncresse of t:getness Factar,

i) The compressien enecgy coefficlenl "B" Lends to decra-
swve vilh tha increase of hardness, and the product of hardness
wnd cospreanion energy coefficient is constant Qrfespective of
the structure, l.e. Hb * &35,

I} The packing denmaty coeificient (#) 49 wall relaled Lo
tighanenw Factor (IF), By & relationship in the Tars of;

=0 (it
Where X' is @ comstlant that depeads on the sbructure.
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a) The parssators B, W and b cculd be esed squally to
deseribe the tightmess !F the Eajitied ablivclers.
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