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ABSTRACT - The study reported 1n ihis paper concerns the influence of
both polyester ratio and twist multiplier of weft yarns on the fab-
ric tenstle properties, specially, specifaic work of rupture, exten=~
sibility and tear strength. Mathematical models describing these
parameters 1n buth Lhe warp and weft directions are presented iLn a
Forn that can be easily predicted. it was found thet the optamum
valyes of palyerster percent ond twist multiplier of the weft yarns
for obtaining the highes! possible tabric strength in warp direct-
ion were 7% andg 3.450(e while in the weft direction were g7% and

3.8 a/e
1. INTRCDUCTION

Blending of polyester/catton fires to produce yarns and then
fahrics is &n interesting subject to be searched in Laypt: because
polyester fibres have been produced in Egypt since 1980. lherefare,
the textile 1nmdustry starteo an experinental study to determine the
optimum blerding level for a specific end-use.

The study reported in this paper is 3 contingation of that
described in part 1 [1) and deels with another aubject vn which
nothing has been found 1n the literature. As well known, the twist
multiplisr influences the cottan yarn strength (2 Jand it haa @
slight influence on the strength of polyester/cotton yarn when tw-
ist multiglier 1= ranqing from 3.2 & to 4.2 p _ [3] end the weft
yarn strength s one of the parameters that detérmine fabric stre-
rqth. Hence it is tu be expected that the twist multiplier end
polyester ratioc in the blended weft yorn will a(lect tensiie gro-
perties of fabrics. Therefore, the purpose of the atudy reported
in this papel was to determine the validity nf thie hypathesis and
to find the pptimum values of these variables. The tensile proper-
ties taken into account were specific wark of ruptire, extensibil-
1ty and tear strength in hoth warpo end weft directions. These

characteristics were establishea as responses 1n suitable experi-
mental designs.

2. EXPERIMENTAL PLAN

The studied fabrics being the same as those umsed ptevioualy
in part 1 [1].
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The expetimental plan that wae uaed was an orthogonal [4] of
two variables:

X
X

polyeater percent in the blend;

1. twigt multiplier.

2

For the case of two variablee, the experiments]l plan is given
in Table I snd the actuel levels of the variables are given in Table
11.

Table 1: Experimental Plan For Two Varlables.

Experimental Levels of Varlablee

Combination X1 X2
1 - -
2 + -
3 - +
4 + +
5 - o
6 * 0
7 0 -
] D +
9 D o

Table Jl1: Variable Levels.

Level -1 o +1 Intervel
Variable
X1 = polyester percent (%) 33 50 £7 17
X, = Twist myltiplier (fr,) 3.2 3.7 4.2 0.5

Fabrics were tested in asccordance with ASTH procedures [5] .
All woven fabrics tests were mede in both warp and weft dicections.
Breaking strength using cut strip method, extenaibility and Elmen-
dorf tesring atrength were determined.

3. EXPERIMENTAL RESULTS

As shown in the experimental plan in Table 1, the results
obtained for fabric mpecific work of rupture during tension, exten-
eibility and tear strenqth are detailed in Table 111. The fabric
specific work of rupture was calculated (2] from the following exp-
ression:

energy to break febric specimen in g-wt cm

fFabric specific work of rupture =
in g-wt/tex areg denaity Qfx specimen xspecimen length
febric in g9/m width in mm~ in cm

The results were fed to sn UK 10?7 computer snd regres2ion co-
efficients were detetmined. The coefficients were tested for sig-
nificance at the 95% significence level. Only significent terms
were taken into consideration for & further analysis of the resul-
te. The response-surface eguetions for the various yarn cheracter-

jatire are Aivam in Takla Tu



Table I11: Experimental Results.

Praperty

Specific wark of rupture

Extensibality

Tear strength

(g/tex) %) {grans)
Warp veft Warp weft Warp weft
Exp. Cal. &xp. Cal. Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.
1 1.127 1.055 0Q.168 0.448 13.40 14.491 13,13 13.717 1958 2006.688 3408 3228.89
2 1.091 1.055 0.413 0.448 13.10 12.941 13.60 12.979 2984 2923.546 4362 4323.23
3 1.007 0.B47 0.2268 0.202 12.90 12.947 11,20 11.371 2384 2332.22 3752 368B7.89
4 1.202 0.B47 0.3%% 0.202 15.70 16.49) 1.5 12,108 2990 2826.8B0 3788 ¥B64.23
5 1.040 0,951 0.753 0.6Q2 13.80 13.716 15.75 15.192 2280 2242.48 3676 3B52.33
[ 0.696 0.951 0.551 0.602 12.70 13.716 14.10 15.192 2762 2947.14 4990 44A7.61
7 1.091 0.8646 1.084 0.767 13.70 13.716 13.70 13.348 2306 2277.14 3668 1776.06
8 0.477 0.6566 0.306 0.522 11.60 13.716 10.65 11.740 2214 2390.48 3802 3776.06
9 0.900 0.7606 0.797 0.921 14,50 13.716 15.50 15.192 2480 2405.74 4132 4170.00

*ON ' 4l ' 10A ((03W) Teudnop BurdesufBuzy EINOBUEW

* 6861 sunp ' |
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Table I¥: Response-surface Equationa.

Response Reapanse-surface Equation
2
Y,= Specific work of rupture (g/tex) ¥,= 0.7606 - 0.1040 X, + 0.1902 XJ
(in warp direction) )
Y.= Specific work of rupture (g/tex) Y= 0.9207 - 0.1227 X, - 0.3192 X
2 (in weft directian) 2 2 z !
- 0.2765 Xz
Y. = Extensibility (%) Y,= 13.7155 + “0.775 X, X
37 : . 3 172
(in warp direction)
Ya: Extensibility (%) Yqz 15.1922 - D.BD42 Xz + 0.3688 X1X2
(in weft direction) - 2.648 x2
Y5= Tear strength (grams) YS: 2405,73R + 352.33 x1 + 56.667 ﬁ?
{(in warp direction) + 189.07 Xf - 105 X1X2- 71.95 Xz
Y.z Tear strength (grams) Ye: 4170 + 317.667 Xy - 229.5 XX,
{in weft direction) - 393.94 X}

From table IIl, it was found that the experimental error in
the centre of the scheme is law for all parameters except specafic
work of rupture because it 1s mainly a product of multiplying the
values of breaking load by breaking elongation(energy to break
fabrac specimen). 1t therefore seems Lo be useful to obtain Lthe
plot of the response surfaces. Contour maps were constructed by
using the response-surface equation.

4., OISCUSSION
4.1 Specific Work of Rupture:

Figures 1 and 2 show the effect of palyester percent and twist
multiplier on fabric specific work af rupture for the werp and weft
directions respectively. The rantaur lines are ellipses with a min-
imum, Ffalling i1nside the experimental field. The contour lines in
Fig. 1 clearly show that the specific work of rupture increases with
8 decrease in twast multiplier. This is prabably be due to the fact
that the fabric produced from blended yarns of higher twist tend to
have lower strength because of incressed fibre obliquity to the yarn
Ax1lS.

However, for the polyester percent, the highest fabric speci-
fic work of rupture is poticed at ' the +1, -1 levels of palyester
percent and twist multiplier 3.2. 1t is interesating to show that
at the zero level of polyester ratio occurs minimum fabric specific
wark of rupture, This can be explained by the basic theary of ble-
nding [ 2] , where the extension of blended yarn fallaows the extens-
ion of the lower extensible fibre until a cratical hlending ratio.
Beyond this ratio, the extension of the blended yarn 1s affected by
the highar extensible component. Gemerally the critical blending
ratio in the cvase of cotton-palyester is about 50/50. Thus the
specific work of rupture of blended fabric is highly influenced by
polyester ratio in the blend.

Figure Z shows the effect of polyester ratio and twist multi-
plier on fabric specific work of rupture in wefl direction. The
contours of the response surface are ellipses showing s maximum
value {0.7 g/tex) in the experimental field. When the twist multiplier



Mansoura Engineering Journal (MEJ) VOL . 14 , NO . 1 , June 1985 |

2
+1
0.7
0 0.R
AN
0.9
.0
-1 l
-1 o +1
Fig- 1. Conlours of constant response lor work of
cupture (in warp direction)
12
Xy

\K
NN )

-1
Fig. 2. Contours ol constant response for work of
rupture (in welt dicection)

T.




-~

T. 6 Hemdan A.Abo - Taleb .

+1

-1

%

14

-1

0 ¢l

Fig. 3. Contours ol constant response for extensibility

o)

-1

(in warp direction)

X2

}

~ X1

—

0 +1
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(in weft direction)
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increasea, the specific wark of rupture decresses independently of
Lhe polyeater rstip. The decrease in specafic work of ruptore with
inereasing twist nultiplier beyond 3.4 &, cen be noticed. Thie
behaviour can be explained by the fibre abliquity which occory as

@ resull of increszaing the twist.

4.2 Extensibility

The contours of the response surface are hyperbolas. The
response surface is a mini-max with values awinging between 13.5
and 14%. The polyester percent and twiat multiplier has no influ-
ence on the extensibility in the warp direction (Fig. 3).

An increase in the twist multiplier decreases the fabric ext-
ensibility in weft direction (fig. 4). This 15 due to the crimp
being much higher in the weft yarns than in the warp yarns, which
are usually tensioned during the weaving process and are consequ-
ently more straight than the weft yarns. As the percentage of
polyester was increased (from 33% to 67%) as shown in Fig. 4, the
fabrics ahowed aljght inereasac in breaking elangstion becrause the
polyester became the major contributor to fabric strength at the
higher blend levels.

4.3 Tear Strength

Fiqure 5 shows the effect of polyester rat:o and twist mulbi-
plier on the tear strength in the warp directian (when the welt yar-
ns were being broken). The contour lines are hyperbaoleas with a
mrramum, folling outside the experimental field. The contours show
that the tear strenqth increases with sn increase in polyester ratio.
Inis 1s clesrly related to the increase of ysrn strength by incre-
asinqg the percent of polyester fibres which are atronger than cotton
fipres. Therefore, the sddition of polyester fibres in the blend
with cotton improves the serviceability of the fabric which 1s dir-
ectly related to the tear stremQth. But twist multiplier had a sm-
all opposite effect. Thus the polyester ratio alone is the most
important factor.

The influence of polyester ratio and twist mujtiplier on tear
strength in the weft direction (tearing in the weft direction norm-
ally causeg the warp to be broken) is shown 1n Fig. 6. AP increase
in the polyester percent or twist nultiplier within the experimental
fiejd leads to a higher tear stremngth, This 1s msy be due to the
high extensibility and low mobility of the warp yarns.

4.4 Determination of Optimum Values

Optimization of the otudizd faclors to obtain the highest
values of the specific¢ work of rupture, extensibility and tear
strength in both the warp and weft directions could be achieved oy
doublicating the graphs {(figures 1. 3, 5) of the response surfaces
together as shown in Fig. 7 for the characteristics in the warp
direction, Also Fig. 8 could be drawn from doublication the graphs
(Figures ?, 4, 6) of thc response surfaees together for the para-
meters in the weft cirection.

In Fig. 7, :f the value aof speciflic work of rupture was equal
to 1.0 g/tex and extensibility was larger than 14% and tear stren~
gth was equal to 2800 grams and upwsrd, them the optimum factars
would be found in the optimum zone specially in point A, which
(X1 = 67% polyester and X, = 3.45 “‘Q will achieve the highest
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Fig. 7. The dupiex cross seclion ol the response surfaces

(in warp direction)
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Fig. 8. The duplex cross section of the response surfaces

(in wel* direction)
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tensile properties in the warp direction.

But in Fig. B8, when the value aof specific work of rupture was
equal to 0.7 g/tex and extensibility was equal tao 15% and tear str-
ength was equal to 4400 grams and upward then the optimum factors
would be found in the optimum zane specially in point B whieh (X, =
67% polyester and X, = 3.8 X ) will achieve the best tensile praoper-
ti1es in the welt difectian.

5. CONCLYSIONS

fFrcom the atudies repocted abave to investigate the influence
of polyester ratio and twist multiplier of ring spun weft yarns on
fabric tensile properties the following conclusions can be establi-
shed:

1- Mathematical models describing the tensile properties (speciflic
work of rupture, extensibility and Lear strength) in both lhe
warp and weft directions arc presented 1n a farm that can be
eas1ly predieled.

2- In both the warp and weflt directinns the polyester ratio infllue-
nces fabrie specific work of rupturu ond extensibility weakly
hut 1t affecets the fabrac Lear slrenglh mnre strongly. Whereas
Lwist multiplier inflvences, to a small extent, on the investa-
gotred praperties.

3- Ihe optimum valuecs ol palyester pereent o the blend and twist
multiplier for obtaining Lhic highesl fabric tensale properties
in both (he warp and weft directions seem to be around (67%
polyester P 3.&5 o<, ) and P67% polyester % 1.8 CKCJ respecli-

vely .
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