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ABSTRACT

Cotton yarn strength modelling and prediction has remained as the cyno-
sure of research for the textile engineers. The strength of spun yarns is
accepted as one of the most important parameters for assessment of yarn
quality. Yarn strength decide the performance of post spinning operations;
warping, weaving and knitting and the properties of the final textile struc-
ture; hence its accurate technical evaluation carries much importance in
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industrial applications. Thispaper deal swith the modeling and prediction of
ring spun cotton yarn strength using a simple Monte Carlo techniques. The
prediction accuracy of the model was found to be very encouraging.
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INTRODUCTION TO YARN STRENGTH

In addition to spinning technique, machine param-
eters, operation stages, processing conditionsand the
physical characteristicsof fibre determineitsprocess-
ing behaviour, production efficiency, find yarn and fab-
ricquality. Therefore, predicting the quality character-
isticsof yarns, especially tensile properties, hasbeen
themaintarget of many studiesinthelast century. Gen-
eraly, several approacheswere used inthese studies
for predictingyarn quality from fibreand yarn charac-
teristics. anempirical, Satistica approach and atheo-
retical or analytical approach. The strength of aspun
yarn haveaways been very important in determining
thequdlity of theyarn, sinceit directly affect thewind-
ing and knitting efficiency aswell aswarp and weft

breakages duringweaving. Itis, therefore, important to
establishwhichfibreand yarn parametersinfluenceyarn
strength andif possible, to derivethefunctional rela-
tionship between them. Sofar, numerous mathematical
and empirica modelshave been established for thees-
timation of single yarn tenacity!>"# and CSP (Count
Strength Product)®® using fibre properties and some
yarn parameters. Hearl € reviewed various mathemati-
cd andempirica studiesconcerningyarn srength, which
were published between 1926 and 1965. One of the
most common Statistical gpproachesisthemultiplere-
gression method. Such an approach isused to investi-
gatetheinterdependence of different fibre properties
and to estimate therel ative contribution of each fibre
property totheoverdl yarn properties. Severd research-
ers that include Mogahzy!'3, Ethridge®, Hunter,
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Majumdar'® and Ureyen' have established various
regress on equationsusing thismethod.

MATERIALSAND TEST METHODS

Inthiswork, 108 cotton sampleswerecollectedin
fibreformfromaspinning mill inKenya Thefibreswere
tested for selected parametersusing manud testing sys-
tems. Themaintesting resultsfor thesd ected fibreprop-
ertiesaregiveninTABLE 1

TABLE 1: Cottonfiber parameters

Variable Units Mean Max Min Median
Fibre length mm 2851 32.60 23.60 28.80
Short fibre content % 737 1175 3.50 7.25
Fibre Fineness (dtex) 124 185 0.63 1.20
Fibre Elongation (%) 535 15.00 1.20 5.50
Fibre Strength (gtex) 31.27 33.80 2750 31.20
MicronaireValue Vaue 274 330 245 2.67
Trash Content % 799 1985 2.70 7.55

The sampleswereeach spuninto yarnsusing ring
spinning technology into different yarn countsand at
appropriatedrafting ratios. The other spinning condi-
tionswerekept constant whilethe Orbit ringsand trav-
ellerswere sel ected according to the yarn count. For
each yarn sampleten cops were produced and tested.
Yarn strengthwasmeasured usngtheUniversa strength
tester, yarn twist measured using atwist tester whilethe
yarn count was evaluated using the wrap wreel and
guadrant balance. The main testing results of the se-
lected yarn parametersaregiven in TABLE 2.

TABLE 2: Cotton yarn parameters

Variable Units Mean Max Min Median
Yarn Elongation % 28.04 3939 6.95 3044
Yarn Twist tpi 1497 2449 9.07 13.02
Yarn Count tex 49.92 8081 19.73 55.61
Yarn Strength  cN/tex 819.31 1401.70 187.60 970.05

Satistical modelling

Regression andyssisthemast common stati stical
method for estimation of therelationship between a
dependent variable and one or moreindependent vari-
ables. Thismethod hasthe advantage of smplicity in
describing the quantitati vere ationship between textile
materia properties. Therefore, thelinear regression
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analysismethod was selected for establishingtherela
tionships between fibreand yarn properties.

MonteCarlosimulation

InMonte Carlosmulation, astatistical distribution
wasidentified usngthevariablesintheregressonmodd.
Thisdistribution wasused asthe sourcefor each of the
input parametersand random samplesfromeach dis-
tribution were drawn, which represented theval ues of
theinput variables. For each set of input parameters, a
set of output parametersisachieved. Thevaueof each
output parameter was achieved from one particular
outcome scenario in the simulation run. These output
vaueswerecollected from anumber of Smulation runs.
Finaly, satistical analysiswasperformed onthevaues
of theoutput parameters, to makedecisions about the
model. Thesampling statistics of the output parameters
was used to characterizethe output variation™.

RESULTSAND DISCUSSION

Statistica andyseswereperformed using SPSS 19
and Minitab 15 whilethe M onte Carlo smulation was
performed usng ModelRisk 3.1 software.
Regression modelling

Thisstudy developed amodel of therelationship
between ring spun yarn strength by usingfibreand yarn
propertieswith linear multipleregressonandysis. Then
resultsweresimul ated using the M onte Carl o technique.

TABLE 3: Goodnessof fit statistics

Model Summary
M odel R R? Adj. R? SEE
1 0.946>° 0.895  0.885 124.69824

a. Predictors: (Constant), tc, fe, fi, sf, In, st, mi, tp, tx

Thegoodnessof fit Satisticsof themode shownin
TABLE 3 givesthe coefficient of correlation (R) of
94.6%.

TABLE 4: Analysesof variance (ANOVA)

ANOVAP
Sum of M ean .
M odel Squares df Square F  Sig
Regression 12935944.728 9 1437327.192 92.435 .000°
1 Residual 1523865.838 98  15549.651
Total 14459810.566 107

a. Predictors: (Constant), tc, fe, fi, sf, In, st, mi, tp, tx; b. Depen-
dent Variable: Ys
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In order to control thefitnessof theregression equa
tions, anadysesof variance (ANOVA) were performed.
TheTABLE 4 showsthe ANOVA test resultsfor the
mode whichindicatesthat the predictive powersof the
model wasimportant at o= 0.01 significance level.

Theregression coefficientsareshownin TABLES
and indicatethe coefficients of variables, t-vauesand
sgnificanceleve of eech variable Arrangement of vari-
ablesinthetableindicatestheir relativeimportancefor
themodd.

TABLES5: Linear regression model

Coefficients®
Unstandar dized Standar dized .
Model Coefficients Coefficients ¢ Sig. 95.0% Confidence Interval for B
B Std. Error Beta L ower Bound Upper Bound
(Constant)  1795.666 386.364 4648  .000 1028.939 2562.394
Tp -64.183 5.342 -.821 -12.015 .000 -74.784 -53.582
TX 2.185 1.271 .120 1718 .089 -.339 4.708
Ln -6.855 5.393 -.043 -1.271  .207 -17.558 3.848
Sf -.832 1.532 -.018 -.543 .588 -3.872 2.208
Fi 12.445 35.667 .012 .349 .728 -58.336 83.226
Fe 6.453 6.187 .036 1.043  .300 -5.825 18.731
St -2.636 7.951 -.012 -.331 741 -18.415 13.143
Mi 69.508 63.771 .042 1.090 .278 -57.044 196.060
Tc -7.778 5.214 -.054 -1.492 139 -18.125 2.569

a. Dependent Variable: Ys

Ys=1795.67 - 64.18tp + 2.19tx - 6.86In - 0.83sf
+12.45fi + 6.45fe - 2.64st + 69.51mi - 7.78tc (1)

MonteCarlosimulation

Monte Carlo Simulation invol ved the process of
using therandom numbersgenerated fromthedistribu-
tionsof theinput variablesinobtaining aprobabilistic

0,07 10 ISR ) I I

1]

g

6021

0.06 3

0.05

o

0.04

Probability

=3
]
—_

0.00
46 48 50 52 54 56 58 60 62 64 6.6 68

Yarn Strength (N)
Figurel: Histogram plot

approximation to the sol ution of theregression model
for the output variable. This processwas performed
using thefeatures of Model Risk 3 software. The pre-
dictionsof yarn strength from themodel wereevalu-
ated using the histogram plot showninfigure 1.

Accordingtothehistogram plot, thepredicted value
of the yarn strength at 80% probability is between
5.34N (534cN/tex) and 6.02N (602cN/tex).
Sensitivity analysis

The sensitivity analysiswasdevel oped inorder to
evaluatetherel ative contribution of each predictor to
theoveral prediction of theyarn strength and thusthe
input parameterswereranked according to their coef-
ficientsinthemodel. The beta coefficients of thefac-
torsinyarn strength prediction model wereappliedin
thecongtruction of thesenstivity plots.

Thetornado sengtivity plot shownin Figure2for the
yarn strength modd (ys) indicatesthat intermsof yarn
parameters, yarntwist (tp) wasthemost influentid vari-
ablewith thewidest rangethan for any other input vari-
able, thenext parameter wasyarn linear dengty (tx). The
plot further showsthat intermsof fibre parametersthe
mogt influentid variablesaretrash content (tc), micronare
vaue(mi), fibrelength (Ie) and fibred ongation (fe).
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Thespider sengtivity plot showninFigure3; indi-
cated that theyarn twist had thedominant influenceon
theyarn strength model and overshadowed thefibre
parametersinthemode so that theinfluence of thefi-
bre parametersin predicting the strength of yarn strength
wasminimal. Thisresulted in thedimination of fibre
properties such as fineness, short fibre content and
strength from the model. This phenomenon could be
duetothehigh correlation betweenyarntwist and yarn
strength as established by Mgjumdart®, Moghazy?, and
Hunter®!,
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CONCLUSION

Thetwist of ring spun yarn stands out asthe most
influentia propertieswhich affect yarnstrengthinring
spun yarn. This phenomenon may probably bedueto
thefact that the main function of twist isto give coher-
ence to the yarn. In order to develop strength in a
twisted strand of fibrestheindividual fibresmust grip
each other when the strand is stressed. Thiscohesion
arisesmainly from thetwist, which pressesthefibres
together asthestretching forceisapplied and so devel -
opsfriction between adjacent fibres. High yarn twist
alowsfor moreinter-fiber grip leading to more cohe-
sonbetweenfibers. Morefiber conesonresultsin higher
yarn strength.

Themost effectivefibre propertiesonyarn strength
werefiber trash content (tc), fibrelength (In), micronaire
vaue (mi) and breaking €longation (fe) for the predic-
tionmodels. Thisresultisprobably dueto thefact that
trashinthecotton lint could have anegativeinfluence
onyarn strength mainly dueto problemsin spinning pro-
cess. If thetrashin cottonwasnot removed inthegin-
ning and inthe subsequent spinning process, thenit will
haveanegativeimpact onyarn srength. Thefibrelength
propertiesaffect yarn strengthin ring spun yarn because
it determinesthe amount by which fibres can overlap
with oneanother, greater the overlapping; theeasier it
would befor thefibresto bound together and better
would beyarn strength. Thismeansthat fibrelength
have adirect influence on yarn strength and could be
negatively affected by shorter span length. Moreover,
increas ng fibrelength resultsinimproved yarn strength
becausealongfibregeneratesagresater frictiond resis-
tanceto an external force, hencethelonger thefiber,
higher would betheyarn strength. Fibrefinenessisalso
animportant fibre character affecting yarn strength. It
givesnumber of fibresinthe cross-section of yarn. The
better thefinenessof cotton morewould bethe number
of fibres per cross-section resulting in higher yarn
strength thusfinefibreswill produceayarn of higher
strength than coarsefibres. Thisisbecauseyarnsmade
from finefibreshave morefibresper crosssection, which
inturn producesstronger yarn. Thereisahigh corrdla
tion between thefibre el ongation and yarn strength and
thiscould bethereason for itssignificant influenceon
thestrength of ring spunyarn.
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