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OI>TIMIZ.ATlON OF IlL[.NO RATIO AND TW IST MULTIPLIER 

FOR RINC SP UN POL VESTER/COTTON YARNS 

PART I: TENSILE PROPER TIES 

By: Dr. H.:\ , Abo-Taleb ~., Dr . M.N.~"'., EJ-Gal<l.r, 

Dr . A.M .... El -Hadldy , Or . A". Shahin • 

T . 2 1 

The 51udy reported in this p"-pt:r concerns the influence of pol yes ter rallO Oil 
[he H:J1jiJe properties 0/ ring 5pun polyester/COHan yarns of vanous tWis t mUl ll pll<.'r . 
For polyester percentage rangUlg between 33% wd 67% and tWJst mul tlpiler raq;' lfl~ 
between 3.2 Clnd 4.2, it was fOUlld thaI the [Wist mulupiJcr ha s 1n51gmllcam t' jf f'" <"" : 

on te nacIT Y, e~ l ension . work 01 rupture <.lnd qualit y inde :-: . Also that yam irreguldr ' l v 
is no! gre;) !I,! ::\ffected by the polycHc r ra tiO In the blend. And fo r a JJ vnl ues 01 
iWI.l.1 mUl t ip lier the yarn qUdlit y index inc rea:;.es with the )ncr case of the polyester 
ra tio. For the COU!)1 5lrength PWdtiCi ( CS ) II wal jo und to be greatly a !feCle (! 
l.ly the pol yester ra tio our ve ry ~ l ll!h t l y affect ed by the \lI.ls t multiplier. 

For 15 lex polyesler/co non }'3 rn ( combed cotton-20% nell) the b~ t qu::dl !v 
Index is obtained for Ihe r 3110 67'!6 polyester ~11(1 al ;)r.y lW I$ 1 Inl.lltlplu::r withm the 
ran ge J .2- !f.2, wniJe for the beSl CS-produCl ~he optimum polyester ra llo a nd ,\.VIS : 

mu l tiplier are 67% and 3,7 respect ivel y. 

I. lNTROOUCTlON 

The blend ratio ilild tWis t mult ip lier a re some 0 1 lhe rnO:;l im perlan l (ac lC>rS 
for ya rn quality . <I, lhey aifecl 10 great ex ten ! the t ensi le propertLes .. nd IrregulJrny 
ot the produced yarn . The Importanc~ 01 Ihe pru<.'n! work is tht: l\)glL,,1 u~dge (O J 
the e xpef1:;ive Egypuan ~OIlOflS ·.vith o the r cheaper :;yn :he IIC fibres \0 PfodUCe hlgn 
quaHt y yarns \hal could bc used Jor producing kmttea unde r wear. and apparel fab~JCs . 

Blending of two or more types oi fibres IS wtdely used to produce rams of dil kren l 
qualit ies , that can nOI be obtained by USinG. one type of ribre <lJone. One o f tfle 1>a sH; 
direct Ions is the blendi ng 01 pol yester f lbn! wnll 1:0 <l on, with <l pe rcentage o[ a T 
least }3% (or The former. 

In iact the blend ing oj polyester With c o t ton does not d llninl~h the propertJe ~ 
of colton y.J. rn l hu l u~cd ior knitting or fer we lt yarn purp".ses , .~ Ince the polyester 
added to the cotton kee ps the~e proper !1e~ ond IInpw'/e Ihe qual ily c har act e nsues. 
For examole wear re~l s t ance and overcom lnK shnntC.age whe n washed. 

"-'Inout tWist , a st rand of f lb!cs has very hl1h:: strengl h and in [he fi rs\ instance 
a cOHan/ polyester yarn must have su lJ ic ienl tensile strengt h to withsta nd the StreS5eS 
of preperallon and fabr ic manufacture . Nevcnhe/e.l.s. t he m.,j n \llne-r inn of (wl.., 1 
IS to give coherence to the yarn. So In o rder to ~evelop sirengt h m a tW l51ed st rand 
of stapll:: fibres , s uch as cotton/ pol yes ter yarn, ilnd so re~ lst breakage, the indi Vidual 
fibres must gnp each ot her whe n the .l. 'fillld is stre s"",ct. Th iS CclH~S lon a nse s m;Hnly 

Lecturers a t the Tl::xt lle Engmee rini!; Dep., FaCUlty of Enginee-nng . Un iverSI ty 
oj EI-Mar"lsoura. 
t\SSOC. P ro fesso r al lhe T~xl! !e Eflgin<.:er ing Dcp., f'4Cully o f Eilgmeer:ng. UmverSlty 
o t EI·MaJl~uur .... 
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The Uster Tensomal was u2d to determ ine the most important properties. I.e. 
strength , l"xtenSlon at typ <lk J.nd work 0: ruprure. And for yurn irregularity meIUU~­
mcnt.the U13 to ~ tVllonenl'l t.ester It '/las used . . ' .. 

The qu.:..hty 'index of the yorn ( Q. I ) was calculated from the e(juatl0n: · 

f enacilY (g I :0: ) "G:tells icn! % ) 
Q. I , .---------------- - -- ------------- ... ( I I 

U~lc r coeff Icient of variation (%) 

This equation was proposed and used by l3ar ~ella2 , to asscs.s t he quali ty o f open ­
end y~rn5 when proce" ing parllmeler:,; are aJtererl . 

nle expc:>rirncnlal plan was Ort hOgonal pJa n for 1\"0 var iables. The ve. riables 
were Xl the poll'cslcr ra t io. ~nd Xl the tw ist multJpJier <>(.e. The Je vels of the varlable~ 

are gi ven in Table Z. 

Table 2. Levels of Variables 

Variable 

level % of po lyester tWist multIplier 0(1" 

X, X, 

• I 67 U 

• ) . 3. 7 • 
_ I 33 3.' 

Interval { 7 O. , .. 

The yarns wefe produced wi th low and med ium twist muJlipJier lor kn it t ing and fil l ing 
purposes m kOlftlng and weaving respect ively. 

3. RESULTS ANO AN AL YS I$ 
The plannmg mat rix and the results of the experiments carri ed ou t are giVt:ll 

In Table I, . 

Thf! Invcsligation was designed from Ihe beginin~ to be sui lable 10f anal)'si,s 
by means or two·\la r iable design 3,4. From the analYSIS the equations o f the re~pon~e 
surfaces and OtT'ler s ta tlst lcai pa ram~Ters were ob:amed. 

The regressIon equations 101" the .respon'~ sur [ace~ can be represented by t~e 

fol/o ..... i"6 equ ... tloo:· 

.. . ( 2 ) 



T . 24 H. ~-Taleb. H. EL-<:;aiar , A.. EL-H.!Idld,· lind A.. Shahin 

The equat ions of the response surfaces . an, analysis of variOlnce. and other statistICal 
parameters were obtame<l. Table 3 shows Ihe coefficLents in the regression equations. 

Table 3. RegressIon Coefficien ts of' the Response Surfaces , , 
y=bo ... bI X I~b2X2 .. bI I Xl~bI2X IX2·b22 X2 

Tenacity (gltex 
Extension ( % ) 
Work 01 Rup lure{g.cm) 
Irregularity ( C.V. ) 

Quality fndex ( Q.I ) 
Coun t -s trength product 
( CS ) 

J 5.85 1 
5.905 

386.03 
16.011 
5.815 
28 19.65 

J .8 36 (0.478) 
\ .3118 (-0.31 J) 
/35.807 (-114.805) 
(-0./31 1 ·0.325 
2.083 (-O.0I49) 
106.67 126 .67 

( .... I denotes inSignif icant coe ffi cient . 

b
ll 

(0 .302) 
(0.120) 

(22.327 ) 
(-0 .443) 
(0. 5565) 
(92.2) 

b" 

(·0.267) 
(-0 . 19~) 

(-22.02 ) 
(0.238 ) 
(·0.)463) 
- 220 

b22 

(-<l.679) 
(0.1.53) 
(11 .972 ) 
(0.)11) 

(-0.1 ~751 
-207.! 

In lact the twO equations 0) and (4) conccrnmg the relatIonsh,p between the count­
strength product ( C.S.P.) and Single end tenacny ( g/ te x ) and blend rallo ( XI ).lnd 
tW!st multIplier ( X 2 ), do no t show any differences with respect 10 t he eHect of blend 
ratio and tWiSt multLpller, and both ha ve di rect effect or by interaction on Ihe two 
mentioned properties . So there IS no any phYSical dillerence between the two equations. , , 

Tenaci l )' = 15.85 1 ~ ].8)6 XI .. 0.1178 X
2 

• 0.)02 XI - 0. 2&7 X
I
X

2 
- 0.679 X

2 
. . 131 

, , 
CS = 2819.65 ... 106.67 XI ~ 126.67 X

2 
.. 92.2 X I ~ 220 X

I
X

2 
-207.8X

2 
. _ {II} 

In fact the two equauons of tenacity ( g/ICX ) and count strength product ( C.S.P.l 
are the same and concides wLlh the general following equatIOn 

, , 
y '= bo " bl X I .. b2X2 - b 11X1 .. b I2X\X 2 .. bn X2 

BUI with statistica l analYSIS it was found tha t the coefficients underlined m equations 
(3) , and (4), arc [ns Lgnlficant . Hence these coeffiCIen ts have been eHmiOated because 
of it's lOw cffect, and IhlS can be shown from the calculated and measured vaJues. 
The addJlion of these coeJJicjents with X2 gLve large dIfferences between calculatca 
and measured values . I Also that the sum 01 the values from X2 tl.e.J2&.67 X2" 92.2X'-
220 XJ X 2 - 2078 X 2) III the equatLon of CS . product . is not of a weight on the \alue 
cf the count strength product and does not exceed In average ... 5 % from Inc maximum 
value of count strength pro~uct . And hence the count strength product, showed the 
very small effect o{ the IWlstmult!pher. therefore there IS no phYSical dlHa.rcnce bel\l.'een 
the two forms 01 the equations ( since the tenacity 01 the single end 'lnd tile CO\lnt~ 
strength product of the skein slLlJ depend to a large degree on blend ratIO ). £lut fhe 
effect 01 twist multIplier was of a less weight because u's range is not Wide , the [WiSt 

multlplier ranges between 3.2 and 4. 2 for welt ya.rn of the present work. 
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Table4 . Experimenta l Co ndl l iom and Resul g of Prope rt ies --0 

o f Polye-st <»r I C(>tfon Yarn " " , 
< , -

0 Linear Work of " Z FaC tors De nsi t y Tenac i ty E)( tens ion R upture Irregula r it y Q. I C S 

(g I te)() ( % ) (g. e m) 
N 

0 ( Tex ) ( c.v '):~ ) · • e ~ 
" 0 

Il 0 

x 
X I X, Ex p. C,I Exp. C, I Exp . C ,J I. bp. Ca l. Exp. CaL Exp. C,1. ~ w 

" 
14 .61 12.86 14. 02 4 .8 9 4.56 26 ). 4 250 .2 16. 89 16, ) 7 3. 72 3.73 2160 2 158.5 ;; 

1 , 1'1.72 J 7. 57 17.6' S.l S 1.2) 597. 5 521 .8 I ').9 1 J 6. 37 9.00 • 7.90 2960 2811.9 '" 

3 , J ~ .50 14.0 5 IIt. 02 4 .67 4.56 27 8 .2 250.2 15 .S 1 J ~. 72 I.j . J 7 3.73 288 0 2851. 9 
, , 15. 09 17.69 17.69 7. 1 g 7.n 524. 2 521 .8 15.78 l U 2 8.06 7.90 2300 26 25.2 

S 0 14 .67 l it . II \ 14. 02 4.87 4.56 29 ) .8 2 5r' .2 1 5 . ) ~ 16.0/j 4. 7 5 J .7J 3000 27 J 3.0 

6 , 0 I 5.2 1 17.57 17.69 7. J :5 7 . 25 523.6 521.8 15.57 16.04 8.09 7.90 2920 2926 .3 

7 0 1It ,II O 14 .4 3 15-S.5 6 . 37 5.9 0 408 . 5 386.0 Jb. n I h . 37 5.60 5.82 2560 24 85 .2 , 0 111.93 16.0 4 15.8 5 5.72 5.90 P8. 1 3&6.0 15.84 1.5. 72 5.8 L 5.8 2 2760 2738 .5 , 0 0 I ~ .9 8 15 .2 0 1).35 5.n 5. 90 369 .6 386.0 15 .SII 16.0; 5.54 5. 82 26(10 2& I 9.7 

:' 
, 
v· 



Table ) . Ik'st Regression Equ:ltions For Yarn "ropeny and the 

Variables X i and X 2 ,. 

Yarn Property 

Tenacily (g/tex) 

Extension ( % ) 

Work of Rupture 

( g . em ) 

Irregularity (ustercv) 

Quality index 

Count - Strergth 

Product ( CS ) 

Regression Equation 

Tenacity =- I }.S51, I.S 36 Xl 

Extension =- 5.905-+-1.348 X J 

Work o f=386.0J< IJ5.S I X\ 
rup ture 

c .... =- \6 .0110 - 0.)25 X
2 

Q.L =- 5.815 - 2.083 X I 

CS-=2819 .6 5~ Jf) 6.67X I ~ 126.67X 2 

- 220 X X _ 207 .80 X 2 
122 

• 
• 

x - polyester ratIO ( % ) 

x~ - t wist multiplier ,~ ) 

,~ F - \'aiue 

F •• , 

" I 
F tabl; •• 

0.64 ) 2. 35 

0.797 2.)5 

0.67 1 2. 35 

1.170 2. 35 

0.803 2. 35 

3.637 2.50 

Level o f Significance 

) " 

e 

" ~ 

, 

g , 
~ -• u 

" 
~ 
6 • -• 
" 
> 

p , 
Ii 
~ ". 
~ 
~ 

• 
it 
> 

~ 
~ • ~ 
" • 
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In j act OI'C has to mentloo tha t when chcsing the type of equ31 ion to be IJwc1 
for descrlbmg the relation-ships of Ihe qualit y charac teris tics of the yarn and Il'Ie 
pohes te r ratiO and tWist mult iplie r. It IS necessary to s tlldy nOI on ly t he effeci 
ot each factor scperatelv :Jut aho their effect together. Fo:" this reason the po l ~noml;J1 
second or der was chosen. 

Given 11\ table } the regreSSion equattom obla ln .. d for t .,e ,· .. ric;.!!" yam properties, 
also given F('alcu laled and Flable at 5% level of slgmficance. T"'e Feal.- "alues cbtiuned 
indica ted that these equations cou ld be used ~atls f llc tonl y to descnbt! the retatlonSl'IlDS 
and the predict ion of these propcrt JCS fro" I t-e varl4blt:~ X I and X, . 

Plotted III Flgs. 1 10 S the vanous Yil f n propef ues versus the polyeste r ·auo ( XI ' 
and the tWIst l!1ult ipht!r ( X

2 
) . 

Tne correlat ion coe fl lcte r.1$ between the calculated 3'"1d the eX~r)men l al vallles 
Me 0. ')( ' . 0.'J,5 . 0.973 , 0. ,82, D.96:' and 0.8611 fo r tenaci t y, '2:xl emlOn , work (lj rupture . 
C\'%, qualit y lOde:.: and count-s trength product rcspeCTI\,eley. Thf'~e va lues J.fC si gnlfl ­
can! a t the 5% le\'eJ, when the I- test was used. 

II was thought oj a poss ible rela t lOn$nlp be tween the yarn quali ty inde x and 
l i"'e worK of rupt ure. ThiS relation~hlp .... as e xamined for Ine Vll rlOUS y"r~ ( 9 !ypes. ) 
and It was int creSll rg 10 fin d OIJ t ( as "T1,1Y be seen also !rom fig.3 ) tha t me Q.I. 
figure tp,nds 10 Increase "" u h thc increase in wor!. of ruplure. The correlauon coeff iCI ­
ent IS "cry high ( r. 0.990) and highl y signif icant al IMe ,)'*' le \el. I he bes t fi r 
e aU.l lJon IS In ,he io rm of :-

Q. l _ I) .OJ)) W.R. - 0 . !2S,)7 ... (5 I 

II • 1)I5CU5SIO N 

Th!! result s obl<uned for the mne types oj polyesur/cotton yarn used m the 
presen t InVeSIlS.lIIon nlllVc ~hown that It:nacil'Y, e xtenSIOn , worK 01 ruplure and qualil'{ 
Inciell of yom lire 8reall ~ dffet:le.d by Inc pOlyes te r ra tio In the blend. 1\150 thai 
Ihesc proper ll es increase .... nen the percentage 0 1 polyener In the blend i ncrea$e~ . 
This incre;alle corre~ponds up to a ccna m POlOt , wh ich in fact is the nllthe H le v~1 
of polyellter ratio u~ed in the e xperimen ta l deSign. 

AIH) it was pO$~I~ : !,l . J:;ing the regreSSIOn equat ions otl t amed !or lhe varlOU$ 
yarn propt! rues, and the variables 01 the expemnelH , i.e. the polyester ratio ( X I) 

and tne tW Ist Inultlplier ( X2 " 10 predict sallsfoc l ofll y terac tly , t;,'xtt'llsicn at break , 

work of rupture, and quali ty In dex . The diflerences ob ta ined between tne calculated 
and measured values arc withi n the expe rime1tal error ( Table ~ ) . 

The regreSSion equations obtained have shown that tenacity . (!'lItension al break. 
work 01 rupture , and quality inde x could De predicted from thi.! knl)wlcdg~ oj Inc 
polyeuer ra.tlO X I only , while the coun t-strength pmduct rould be predIcted from 

both the polyester f allO X I ~nd the 1"' 1:'0 1 multlpJler X2. In addition ;0 this the eqval10rs 

nave sho ..... n tha t the c. v. 01 the yarn depend.~ on Ine level oJ tw iq • Ihough t h(:' 
differences 10 It'S value fo r the nine fypes 01 yarn are \Vllh.n Ihe CJperirnentul error. 
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could be used sa ll ~ facton ly to prl!dict t he: vanou~ lellsi! ~ propert1es, Irreguladty. 
quali t)' index and C S-Produc ~ of polyeHer/con on yarn ma de Irom any bl~nd 
l a liO and t ..... isl lOu ltlpli~r I>Iltnin the ranges usee. 

i -The qual lt)' mdell' parameter proposed by Barrella for a:ul!s5mg the, quality of 
open--end yarns. proyC'd iI 'S Y4lidi!y fer blended polyester/co tton n ngspun yams. 
h 's V3IU1! lOr polyester/ con on y.a rns (3nging bet ween 3.7 l nd 9 . 

... - The qUil l i ty 1ndex of the y .. rn is .... el! corre!nted to yarn work of ruoture and 
the DeSl lit eQua tlo:'l \S 10 tnC torm of ; 

Q . I. : 0. 01 5.3 w.n - O.I1!97 
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