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OPTIMIZATION OF BLEND RATIO AND TWIST MULTIPLIER
FOR RING SPUN POLYESTER/COTTON YARNS
PART I; TENSILE PROPERTIES

-

By: Dr. H.A. Abo-Talebr., Dr. M.N.*~., El-Gaiar,
Dr. A.M*,, El-Hadidy, Dr. A* Shahin,

Abstract

The study reported in this paper concerns the influence of polyester rato on
the tensile properties of ring spun polyester/cotton yarns of various twist multiplier.
For polyester percentage ranging beiween 33% and 67% and twist multiplier ranging
between 3.2 and 4.2, it was found thai the twist multiplier has insignificant efiec:
on tenacity, extension, work of rupture and quality index. Also that yarn irregularity
is not greatly affected by the polyester ratg in the blend. And for all values or
mwist multiplier the yarn quality index increases with ihe increase of the polyester
ratio. For the count strength product ( CS ) it was found 10 be greatly atfected
by the polyester ratio but very slightly atfected by the twist multiplier.

For 5 tex polyester/cotton yarn ( combed cotton-20% nocil ) the best quality
index 1s obtained for the ratwo 67% polyester and at any twist muluplier within the
range 3.2-4.2, while for the best CS-product the optimum polyester ratio and twist
multiplier are 67% and 3.7 respectively.

. INTRODUCTION

The blend ratio and twist multiplier are some of the most imperiant factors
for yarn quality, as they affect 10 great extent the tensile properties and Irregularity
of the produced yarn. The importance of the present work is the logical usage ol
the expensive Egyptian cotions with other cheaper synthetic fibres (o produce high
guality yarns that could be used lor producing kmitted under wear, and apparel fabgics.
Blending of two or more types of fibres is widely used 1o produce yarns of diiferent
qualities, that can not be obtained by using one type of fibre alone. One of the tasic
directions is the blending of polyester fibre with Cotton, with a percentage of a1
least 3% f[or the former, '

In fact the blending of polyester with cotton does net diminish the properties
of cotton yarn that used for knitting or for weit yarn purpeses, since the polyester
added to the cotton keeps these properties and improve the quality charact eristics.
For examole wear resistance and evercoming shrinkage when washed.

Without twist, a strand of {ibres has very lutle strength and in the first instance
a cotton/polyester yarn must have sufficient tensile strength to withstand the siresses
of preperation and [abric manufacture. Nevertheless , the main {uncrion of twist
Is to give coherence to the yarn, So In order to develop strength in a twisted strand
of staple {ibres, such as cotton/polyester yarn, end so resist breakage, the individual
iibres must grip each other when the strand s stressed. This cohesion arises matnly
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from the twist, which presses the libres fogether as the siretching force 4 applied

and yo develaps Iriction between the adjacen? fibres. The pressure results from stressing
the twisted dtrand and has it origin in the tention applisd o the helines of the
individual fibres. |1 is important to realise that the lateral prewsure has no seperate
exiatance untill the fwisted clemsnt in stressed

Froan the abeve It in evident that there are two [SCT0r3 10 B cofidered, shich

can be combined to obtain the best possible gualities; these sre the cotion/polysiler
ratio and the twist multiplier.

In the present study yarms of different blend ratio have been tram
combed Egyptian Gles 7Y corton | common ype of cotton bn the mills |} snd polyesier
fibre, to determine the ootimum colvester ratko and teist mudtiplisr.

The experiments mvolved tﬁruiruftnmuﬂqrﬁ.ﬂr!llﬂlm
ratio } and X, { the rwist rmultinilier | and the responses were the tenacity, sxtension,
count-strength product, work of rupture, Fregularity and yarm geality indes,

Although the proplem of Bendingg has besn examined by many

_ _ NFESTIgATE0E,
byt N these anvestigatomn the miluence ol both otton/polyesyer ratio and  twist
multipller nas been examined experimentaly, and seserarely on ensile srrengrh and

irregularity of :hrwndw:ﬂ’rumh However, na puhlished research in this field
dealing with the proplem m the masmer followed here o previesly appeared o
the literatire ol yarn phisei.

2. YARNS STUDIED AND EXPERIMENTAL PLAN

The yarns examined in the present ineestigation are spus from & blend aof Giza
75 and polvesier siaple [ibres. From Mﬂimmmﬂll]utﬂl-wﬂ

arn was produced with three wist multipliers romely L7, L7 and &7 ;. All e
Ellrndrnl, operations have been carried out ar the drawing siage. Combed ( 20% )
eotton alivers vwere blended with palyesier tlivers at the firt drawing frams and the
réquired blend rallo woi obtdined by altening the sliver weighl. The blends were
1Na?, 50730 and 67733 | polyester/cottonl.

Given In Table. | the main properties of the components used for producing
*he blended polyester/cotton yarns,

Table. |. Main Properties of Gica 73 and
Palyester Fibrey Lied,

Property Catron Palyeater
Type ol Fibre {Giza?5)

mean length | mm ) ]| 38.5

Flneness [ millizex ) () 134

Strength { gtfex ) Ji 53,1

o penyion a2 22
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The Uster Tensomat was used to determine the most important properties, i.c.
strength ,extension at break and work of rupture. And for yarn irregularity measus
ment,the Uster Evenness tester IT was used.

The quality index of the yarn ( Q. 1 ) was calculated from the eguationi-

b Tenacity (g / tex ) x Bxtarsion { % ) "
i —— o I
Uster coefficient of variation (%)

This equation was proposed and used by Barrcllaz, to assess the quality of open-
end yarns when processing parameters are altered.

The experimental plan was orthogonal plan for two variables. The variables
were xl the polvester ratio, and x2 the twist multiplier e, The Jevels of the variables

are given in Table 2,

Table 2. Levels of Variables

Variable
Level % of pelyester twist multiplier &e
Xl 2(2
| 67 4.2
0 30 3.7 '
-1 33 3.2
interval 17 0.5

The yarns were produced with low and medium twist multiplier for knitting and filling
purposes in knitting and weaving respectively.

3. RESULTS AND ANALYSIS
he planning matrix and the results of the experiments carried out are given
in Table 4,

The investigation was designed from the begining ro be suitable for analysis
by means ¢f two-variable design 3,4. From the analysis the equations of the response
surfaces and other statistical parameters were obtamed.

The regression equations for the response surfaces can be represented by the
following equation:-

.
-

= 2 2
Y=b . b X, ¢ byX, v by X [P I;u,‘lex2 + by X assill 20
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The equations of the response surfaces, an analysis of variance, and other statistical
parameters were obtained. Table 3 shows the coefficients in the regression equations.

Table 3. Regression Coetficients of the Response Surfaces
i i
TR Ry By Ky gty Ty By oy S Bon, A

2
Coefficient
m b 5 b o) L b22
Tenacity ( g/tex ) 15.85) 1.836  (0.478) (0.302) (-0.267) (-0.679)
Extension ( % ) ~5.905 1,368 (-0.311) (0.120) (-0.194) (0.153 )
Work of Rupture(g.cm) 386.03  135.807 (-14.805)  (22.827)  (-22.02) (4.972)
Irregularity ( C.V.) 16.04 (-0.131) -0.325 (-0.443) (0,238 ) (0.311)
Quality Index ( Q.1') 5.815 2.083  (-0.049)  (0.5565)  (-0.3468)  (-0.1575)
Count-strength product  2819.65 106.67 126.67 (92.2) - 220 -207.8

(cs)

(....) denotes insignificant coefficient.

In fact the two equations {3) and (4) concerning the relationship between the count-
strength product ( C.S.P.) and single end tenacity Pghex ) and blend ratio ( X| ) and
twist multiplier ( X2 ), do not show any differences with respect to the effect of blend
ratio and twist multiplier, and both have direct effect or by interaction on the two
mentioned properties. So there is no any physical di[[frmce between the two eiquatbns.

Tenacity = 13.851 + 1.836 XI + 0.478 Xy * 0.302 Kl - _0.267 xlxz - 0.679 X, .. (3)

2
2 | 2

In fact the two equations of tenacity ( g/tex ) and count strength product { C.5.P.)
are the same and concides with the general following equation :-

2
Cs = 2819.65 + 106.67 X’ + 126,67 X, + 92.2 X, - 220 xlx -207.3X2 .- {u)

2
22x2
But with statistical analysis it was found that the coefficients underlined in equations
(3), and (%), are insignificant. Hence these coeificients have been eliminated because
of it's Idbw effect, and this can be shown from the calculated and measured values.
The addition of these coefficients with X; give large differences between calculated
and measured values., Also that the sum of the values from X; (i.e.126.67 X + 92.2X°-
220 X; X - 2078 X5 ) in the equation of C5 - product, is not of a weight on the value
cf the count strength product and does not exceed in average + 5 % {rom the maximum
value of count strength product. And hence the count strength product, showed the
very small effect of the twistmultiplier, therefore there is no physical difference between
the two forms of the equations ( since the tenacity of the single end and the count-
strength product of the skein still depend to a large degree on blend ratle ). But the
effect of twist multiplier was of a less weight because it's range is not wide, the rwist
multiplier ranges between 3.2 and 4.2 for weft yarn of the present work,

2
bo . blxi + bzxz + b“XI + b.lexz +b

T — S— a— e i — e | e -




Tablet . Experimental Caonditions and Results of Properties

of Polyester / cotton Yarn

©70A UTADTIDG BINOEURY

é Linear _ Work of

= Factors Density Tenacity Extension Rupture leregularity DL Cs

'g, ( Tex ) (g / tex) (%) (g- Cm) (cv %)

g _ . . .

X X X, Exp. Cal Exp. Cal Exp. Cal. Exp. Cal. Exp. Cal. Exp. Cal.

1 = 2 1561 12,86 1402 4.89 4.5  263.4 250,2  16.89 1637 372 373 2160  2138.5
2 " " 14.72  17.57 17.6% 8.18 7,25 5%7.5  521.8 1591 16.37 9.00 7.90 2960 2811.9
3 o + 19.50  14.05  1L.02 4.67 4.5 278.2  250.2 1581 1572 417 3.73 2880  2850.9
4 o % 15.09 1769 t7.69 718 7.25 526.2  521.8 15.78 1572 8.06 7.90 2800 2625.2
5 0 14,67 1481 14.02  6.87 4.56 2938 250.2 1535 16.04 475 373 3000 2713.0
3 " o 1520 17.57  17.69 7.5 7.2 s28.6  521.8 1557  l6.04 809 7.90 2920 2926.3
7 0 = 14,40 14,48 1585 6.37 590  408.5 386.0 16.38 1637  5.60  5.82 2560  2485.2
3 0 + 1698  16.08 15.85 572 5.90  378.1 386.0 15.84 1572 58l 582 2760 2738.5
9 0 0 14.98 1520 1535 575 590  369.6 386.0  15.84 l6.0%  5.58 5.8z zeu0  2819.7

g9gs) ‘iequadag ‘'z Com ‘(|

b

B
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Table 5. Best Regression Equations For Yarn Propecty and the

Variables X § and X5 **

Yarn Property Regression Equation le”'r F‘ ahl::" Level of Significance
Tenacity (g/tex) Tenacity = 15.851+1.836 X 0.643 2.35

Extension ( % ) Extension = 5.905+1.348 X, ' 0.797 2.35

Work of Rupture Work of=386.03+135.831X 0.671 2.35

(g.cm) rupture ) 5%
Irregularity (usterev) | v = 16.040 - 0.325 X, 1.170 2.35

Quality index Q.l. = 5.815 +2.083 Xl 0.803 2.35

Count - Strergth CS=2819.65+106.67X I+126-67X_ 2 3.637 2.50

Product ( C5 ) - 220X X - 207.80 X ;

*+ X - polyester ratic { % )
*+ X2 - wist multiplier (85 )

** % F - value

9z 'L
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In fact one has to mention that when chesing the type of equation to be used
for describing the relation-ships of the quality characteristics of the yarn and the
polyester ratio and twist multiplier, 1t is necessary to study not only the effect
of each factor seperately but also their effect together. For this reason the polynomial
second order was chosen.

Given in table 5 the regression equations obtained for the vuricus yarn properties,
also piven Fealculated and Fiable at 5% level of significance. The Fcal,- values cbrained
indicated that these equations could be used satisfactorily to describe the relationshins
and the prediction of these properties from the variables )tl and Xz .

Plotted in Figs.l te § the various yarn properties versus the polyester ratio ( Xli
and the twist multiplier { X, ) .

The correlation coelficients between the calculated and the experimental values
are 0.913, 0,935, 0,973, 0,582, 0,964 and 0.836% for tepacity, extension, work of rupture,
cves, quality index and count-strength product respectiveley. These values are signifi-
cant at the 5% lavel, when the t-test was used.

It was thought of a possible relationship between the yarn quality index and
the work of rupture. This relationship was examined for the various varns { 9 types.)
and it was interestirg 1o find out { as may be seen also from Fig.8 ) that tne Q.L
figure tends to increase with the increase in work of rupture. The correlation coeftict-
ent is very high { r = 0.990 ) and highly significant at the 5% level. The best fit
eguation (s in the form of :=

Q. 1= 0.0153 W.R. - 0.12897 R

4 . DISCUSSION

The results obtained for the nine types ol polyester/cotton yarn used in the
present jnvestigation have shown that tenacivy, extension, work of rupture and quality
index of yarn are greatly affecied by the polyester ratio in the blend. Also that
these properties increase when the percentage of polvester in the blend increases.
This increase corresponds up to a cerrain point, which in fact is the highest level
of polyester ratio used in the experimental design.

Also it was possible, using the regression equations obtained for the various
yarn properties, and the variables of the experiment, i.e. the polyester ratio ( Xl)

and the twist multiplier ( X, ), to predict satisfactorily tenacity, extension at break,
work of rupture, and quality index. The differences obtained between the falculated
and measured values are within the experimental error { Table 4 ).

The regression equations obtained have shown that tenacity, extension at break,
work of rupture, and quality index could be predicted from the knowledge of the
polyester ratio xl only, while the count-strength product could be predicted from

both the polyester ra:io'xl and the twist multiplier xz. In addition to this the equations

have shown that the c.v. of the yarn depends on the level of 1wist , though the
differences in it's value for the nine types of yarn are within the experimental error.
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In fact the alight wariation n the o« vahe for the nine types of hlended yam,
would have 2 slight influence on the quality index value as obtained from equl.

Since in the routine tesis of temile properibes of yarnd, the work pl rupture
3 determined  sutomatically; it way thought of stsdying the relstionship botween
ana the work of ruplure of wingle yarn. The results obtained have

‘
£
i
i
E
i
;

|
|

that for all biends the coust-strengih reaches a maximum
gwisl and then falle. This i tact be explained i the light ol the mraditional
i ol effect of el on & ol staple fibre yarn. 3 = J ., The rising portion can

be ihterpreted as 4 region in which the reslitance mumﬁmm the pro-
portlen ol [lbres which ship rarher than bresk greduslly

dus 1o twinl incresses. While *he falling portion at high twists i clearly due o fiore
obiliguity In the yarn and 8 umilar o the behawvioor ol 1lament yafi.

81 yarns ubed Ihe opiimum fwist s around L7 Tor the blends &7/33 and 350 and
around 4.2 [or the blond 3367,

The CE-product eurves thow iwo different rends between the of Twist
[ N2-%7 ) and § 37-4,2 )}, while the 67/} blended yarn shows the hiphest CS-Prodoc:
compared (o (hat of the $0/30 and 313/47 blended yarns, the smuanion dillers completely
At the latier level ol twist, At the twist muitilier L9 the &7/3) Slended yarn shows
lower strengeh than chat of 3OF30 blended varme It is propsbie that st twists zhowe
thit valve he [ibres of the &7/1) yarn pecomes more obligue, heree the srength
AFCreding.

In lmct the Ch-product curves lor blended yarns could be wsed for the
ol yarns of equal stremgth, but with different polyester / cotton ratios. This will
be gowerned by the cost factor Bnd comfort properties when the yarm s be e
for making ‘woven or knitted spparel [sbrice, which 8 the aim of producing the yarrs
b1 ihe present weork.

* CONCLUSIONS
} - For ring spun polyester/cottan yam, |t was fou.d that higher tenacity, svtension

al break, work af ture and quality index are obtained for the hiend ratic
&7 [3)  and twist multplier of 3.2-%.2, .

1 - For 67/3) polyester/cotton yarn, the optimum count-strength product li schisved
at twist multiplier 3.7,

3 - Yamn bregularity was found m be lows alfected by the biend ratio, and generally
shghtly decreass with the increase of twist multiplier,

4 - The optimlzation sguatkon §

!

i F
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could be used satisfactorily to predict the various tensile properties, irregularity,

quality index and CS-Product of polyaster/cotton yarn made from any blend
ratio and twist multiplier within the ranges used.

$ ~ The quality index parameter proposed by Barrella for assessing the quality of
open-end yarns, proved it's validity for blended polyester/cotton rlng;pun yarns.
It's value for palyestar/cotton yarns ranging between 3.7 and 9.

4 - The quality index of the yarn is well corrclated to yarn work of rupture and
the best tit equation 15 in the form of ; '

Q. =0.0]53 W.R - 0.12897
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