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Introduction

In addition to spinning technique, ma-
chine parameters, operation stages,
processing conditions and the physical
characteristics of fibre determine its
processing behaviour, production effi-
ciency and final yarn and fabric quality.
Therefore, predicting the quality char-
acteristics of yarns, especially tensile
properties, has been the main target of
many studies in the last century. Gener-
ally, two approaches were used in these
studies for predicting yarn quality from
fibre and yarn characteristics: an empiri-
cal, statistical approach and a theoretical
or analytical approach.

One of the most common statistical
approaches is the multiple regression
method. Such an approach is used to in-
vestigate the interdependence of different
fibre properties and to estimate the relative
contribution of each fibre property to the
overall yarn properties. Several research-
ers [1 - 5] have established various regres-
sion equations using this method.

The theoretical approach is based on
physical and mechanical principles.
These models usually give us good in-

The Prediction of Cotton Ring Yarn
Properties from AFIS Fibre Properties
by Using Linear Regression Models

Abstract

In this paper some models for predicting the most important ring yarn quality characteristics
were built by using AFIS (Advanced Fibre Information System) data. Yarn count, twist and
roving properties were also selected as predictors because of their great effect on the yarn
properties. A total of 180 ring yarns were produced from 15 different cotton blends on the
same ring spinning machine, on the same spinning positions and under the same conditions
at Ege University Textile and Apparel Research-Application Centre. Each blend was
spun in four yarn counts (29.53 tex, 23.63 tex, 19.69 tex, and 16.88 tex) at three different
coefficients of twist (agy 3639, ar; 4022, and o, 4404). Linear multiple regression methods
were used for the estimation of the yarn quality characteristics. The goodness of fit statistics
showed that our equations had very large R? (coefficient of multiple determination) and

adjusted R? values.

Key words: cotton yarn, cotton fibre, AFIS, ring spinning, regression analysis, yarn quality.

formation about interactions between
different fibre properties and yarn char-
acteristics. However, practical applica-
tions are almost impossible because of
the complexities of the models. They are
usually based on certain assumptions and
their success is determined by the feasi-
bility of these assumptions [4, 6].

In recent years some researchers [2, 4,
7, 8] have shown an interest in the use
of artificial neural networks (ANN) to
predict yarn characteristics. This analyti-
cal system is also useful for discovering
relationships between variables [8].

AFIS (Advanced Fibre Information Sys-
tem) instrument is used for the measure-
ment of individual fibres. The AFIS test
provides detailed information regarding
important fibre properties including
fibre diameter, neps, trash, dust counts
and several length parameters. AFIS is
one of the instruments of choice for cot-
ton spinning industry specialists since it
provides them with both average fibre
values and distributions. Although it is
of great importance, very little research
can be found related to the estimation
of yarn properties by using AFIS test
results. Chanselma et al. [9] used AFIS
test results to predict yarn evenness and
imperfections and Zhu and Ethridge [8]
to predict yarn hairiness.

The main aim of this investigation was to
determine the relationship between ring
yarn properties and the fibre measure-
ments obtained by the AFIS instruments
and to design appropriate models for
predicting yarn properties. In addition to
AFIS fibre properties, we also used rov-
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ing properties, yarn count and yarn twist
to model yarn properties.

Materials and test methods

In this work, fifteen different cotton
samples were collected in roving form
from various spinning mills in Turkey.
Spinning operations can affect fibre
properties in different ways, depending
on the machinery line and adjustments
etc. For the elimination of these effects,
fibre properties were measured from fin-
isher drawframe slivers by using an Uster
AFIS instrument. The main test results of
fibre properties are given in Table 1 (see
page 64).

All samples were spun into yarns on a ring
spinning machine (Rieter Model G30) at
a yarn count of 29.53 tex, 23.63 tex,
19.69 tex, and 16.88 tex. Each yarn count
was spun at three different twist multipli-
ers (art 3639, ary 4022, and oty 4404). A
total of 180 spinning trials were done.
Appropriate drafting ratios were ad-
justed on the ring spinning machine for
each sample. Other spinning conditions
were kept constant. Orbit rings (42 mm
diameter) and travellers (suitable weights
were selected for each yarn count) were
used. For each yarn sample ten cops were
produced and tested.

The tensile properties of the yarns were
evaluated on an Uster Tensorapid tensile
testing machine. Unevenness and hairi-
ness tests were performed on an Uster
Tester 3.

Rovings were tested on Uster Tester 3.
Measurements of the main properties are

shown in Table 2 (see page 64).
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Table 1. Main fibre properties of cotton samples.

Abbreviations Cotton Sample No.

Property

and Unit P1 P2 P3 P4 P5 P6  P7 | P8 | P9 | P10 P11 P12 | P13 | P14 P15
Neps Cnt/g 8 | 40 | 45 | 3 |20 16 | 16 | 158 | 56 | 24 | 17 | 34 | 8 15 | 39
\')v"g@’r‘]t'ength by Lw), mm | 271 | 294 262 274 248 269 314 266 269 273 255 275 274 282 @ 247
Short fibre content
by el SFCw),% | 32 | 37 | 44 3 61| 3 | 17 58 51 22 52 | 45 | 34 28 86
Upper quartile
e B vt UQL (w), mm | 323 | 358 315 326 296 316 374 322 319 32 | 305 326 326 333 305
Mean length by L(n), mm 24 | 249 | 231 | 246 | 213 | 244 | 277 | 225 | 233 | 249 | 222 | 24 | 244 | 253 | 204
Short fibre content
by Aumbar SFC(n),% | 99 | 134 119 86 164 84 | 73 | 181 | 152 | 67 | 145 | 138 97 | 84 228
Upper quartile
onoth by mamber | UGL(M).mm | 208 | 324 | 205 304 27 209 348 207 299 30.3 28 307 305 312 272
Fibre diameter D(n), ym 143 | 124 | 145 | 146 | 141 145 | 127 | 143 | 145 | 146 | 144 | 145 | 145 | 137 | 144
2.5% Length by mm 418 | 463 | 393 | 412 | 40 | 39.8 | 474 405 | 404 405 393 409 | 413 | 43 | 39.6
Dust Cntig 7 |21 22 | 13 12| 28 | 10 | 178 | 52 | 16 | 16 | 77 | 9 15 | 89
Trash Cnt/g 0 2 0 1 1 2 | 20 | 4 0 0 0 1 0 4
Total Cnt/g 7 | 22 | 24 | 13 |13 20 | 12 | 207 5 | 16 16 77 | 10 | 15 | 93
Visible foreign V.EM., % | 0.001 | 0.019 | 0.022 | 0.008 | 0.01 | 0.014 | 0.013 | 0.467 | 0.058 | 0.007 | 0.009 | 0.059 | 0.015 | 0.009 | 0.099
Table 2. Main properties of rovings.

Sample No.
Property

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Roving Cnt., tex 542.39 | 544.9 | 896.31 | 634.44 483.76 485.75 | 531.65 665.92  564.69 | 587.73 | 584.24 | 580.79 | 590.67 | 657.03  593.04
um, % 411 | 495 @ 323 | 400 | 468 @390 524 | 535 | 490 442 391 | 572 506 361 | 4.98
cvm, % 506 | 6.29 @406 | 507 | 592 491 | 669 | 677 | 616 556 @ 493 | 724 642 456 | 6.29
cVm (1 m), % 296 | 282 217 | 248 | 301 @ 196 | 406 | 304 | 231 | 161 268 | 282 405 146 | 2.02

Statistical method

Regression analysis is the most com-
mon statistical method for estimation
of the relationship between a dependent
variable and one or more independent
variables. This method has the advantage
of simplicity in describing the quantita-
tive relationship between textile mate-
rial properties. Therefore, the multiple
regression analysis method was selected
for establishing the relationships be-
tween fibre and yarn properties. At the
beginning, the types of relationship be-
tween selected properties (independent
variables) and yarn properties (depend-
ent variables) were checked individually
by using curve estimation and correlation
analysis. Statistical analysis indicated
that there was a nearly linear relation-
ship between fibre properties and yarn
properties. Hence, the linear multiple
regression analysis method was chosen
for this study, and the forward stepwise
method was selected for linear regress-
ion analysis.

Before the regression analysis, we tested
for collinearity within each variable. The
results suggest that there is a strong corr-
elation between length measurements
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by weight and number based values. It
was also found that all length measure-
ments have good correlation coefficients
with yarn properties, but autocorrelation
between fibre length measurements can
cause some illogical signs on significant
variables of the regression equations.
Therefore, the regression equations using
these explanatory variables are very un-
stable, and their use may give mistaken
results in individual cases. As a result,
we neglected length measurements by
number (L(n), UQL(n) and SFC(n)).
We also excluded visible foreign mat-
ter (VFM) from the group of variables
because of the same reason (it highly
correlated with the trash count).

Statistical analyses were performed using
SPSS 11.0.1 software.

Results and discussion

Predicting yarn tenacity

The tensile properties of a spun yarn have
always been very important in determin-
ing the quality of the yarn, since they di-
rectly affect the winding and knitting eff-
iciency as well as warp and weft break-
ages during weaving. It is, therefore,

important to establish which fibre and
yarn parameters influence yarn tensile
properties and if possible, to derive the
functional relationship between them. So
far, numerous mathematical and empiri-
cal models have been established for the
estimation of single yarn tenacity [3, 10,
11] and CSP (Count Strength Product) [1,
3, 12, 13] using fibre properties and some
yarn parameters.

Hearle [14] reviewed various mathemati-
cal and empirical studies concerning yarn
strength, which were published between
1926 and 1965. Hunter [6] stated that
more than 200 papers had published about
the prediction of yarn quality parameters,
particularly tensile properties, up to 2004.

Obviously, fibre strength is the most
important factor for yarn tenacity, but
fibre strength can not be measured by
AFIS. Instead of strength, fibre diameter
becomes the foremost property among
those of AFIS , in addition we found
very high negative correlation coefficient
between fibre diameter and yarn tenacity
(R = -0.929). This negative correlation
means that the lower the diameter of fibre
(i.e. higher number of fibres in the yarn
cross-section), the higher the yarn tenac-
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ity. Our regression analysis expresses
this relationship clearly. Table 3 shows
regression coefficients of variables, t-val-
ues and significance level of each varia-
ble. Arrangement of variables in the table
indicates their relative importance for the
model. Signs (+ or -) of regression coeff-
icients of variables indicate the direction
of influence. Neps count, upper quartile
length and dust count are other important
fibre parameters for yarn tenacity, in add-
ition to fibre diameter. Increased neps
and dust count reduced yarn tenacity. As
expected increased upper quartile length
increased tenacity.

Figure 1 shows the scatter plot of pre-
dicted values versus experimental values
and regression line of our model.

Predicting yarn elongation

Prediction models dealing with the
breaking elongation of cotton yarns are
few in number. Mathematical models
have been proposed by Aggarwal [15,
16], Frydrych [10], and Zurek et al. [17].
Statistical models have been developed
by Hunter [3] and ANN models produced
by Majumdar [4].

In linear regression analysis the rela-
tionship between dependent variable
and each independent variable should
be linear. Our curve estimation analysis
showed that the roving count (tex) value
will relate linear to yarn elongation by
the following quadratic form:

Ogy=10.16 - 0.015Ry + 0.000012R»2 (1)

where:
Ogy - Quadratic (Roving Count)
Rv - Roving Count
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Figure 1. Predicted versus observed yarn
tenacity values.

Table 3. Regression coefficients, t-values and significance level of t-values of our linear
regression model for yarn tenacity; * Partial Regression Coefficient.

st [comnt | oty Ve e vl g
B* 61.515 -4.577 -0.017 0.303 0.010 0.175 -0.009
Std. Error 4.800 0.194 0.005 0.023 0.001 0.065 0.004
T 12.815 -23.568 -3.594 13.368 9.619 2.709 -2.201
Sig. 0.000 0.000 0.000 0.000 0.000 0.007 0.029

Table 4. Regression coefficients, t-values and significance level of t-values of our linear
regression model for yarn elongation; * Partial Regression Coefficient.

st | constant | Yamnt (o Qued | yaug Yepiwist Bevng o
B* -5.039 0.167 0.970 0.089 0.003 -0.203 -0.211
Std. Error 2.567 0.011 0.183 0.031 0.000 0.046 0.087
t -1.963 15.578 5.310 2.913 6.878 -4.437 -2.433
Sig. 0.051 0.000 0.000 0.004 0.000 0.000 0.016

Table 5. Regression coefficients, t-values and significance level of variables of our linear
regression model for yarn unevenness, * Partial Regression Coefficient.

param. | Constant gty BRRS O sFew) | GRiec CVm % | cnt tex
B -7.737 0.011 0.015 1557 | 0.162 | 0.002 0.577 -0.245
Std. Error | 2.009 0.004 0.004 0.114 | 0.044 | 0.001 0.105 0.013

t -3.851 2.719 3.336 13.720 3.682 1.987 5.488 -19.536
Sig. 0.000 0.007 0.001 0.000 | 0.000 | 0.049 0.000 0.000
We disregarded roving count from In Table 5 linear regression analysis re-

the group of variables and added Qgy
value. Table 4 shows our multiple linear
regression analysis results. The break-
ing elongation is mostly influenced by
yarn count. Upper quartile length and
fibre diameter are the most important
fibre properties for the yarn breaking
elongation. Other important parameters
are yarn twist, roving count and roving
unevenness. All parameters have positive
effect except roving unevenness and fibre
diameter.

Several researchers [3 - 5] concluded that
yarn elongation is chiefly influenced by
fibre elongation and fibre strength. We
can not measure fibre elongation and
strength on an AFIS instrument. There-
fore the R2 value and predictive power
of the model is relatively low. Figure 2
shows the wide spread of values around
the regression line.

Predicting yarn unevenness

Cross sectional fibre variation is the basic
reason for yarn unevenness. The Spin-
ning method, yarn count and some fibre
parameters have a decisive influence
on the unevenness of yarn in addition
to machine parameters. Hunter [3] and
Ethridge et. al. [2] have developed some
models to determine yarn irregularity by
using fibre parameters.
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sults are presented. Our analyses show
that yarn unevenness is mainly affected
by dust and neps count. The direction
of impact for dust, neps, fibre diameter,
short fibre content, roving unevenness
and roving count is positive. That is,
increased parameters increased the yarn
evenness. Fibre diameter designates the
number of fibre in yarn cross section.
Decreased fibre diameter increased the
number of fibre in cross section, and
thus increased regularity. Hunter [3]
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Figure 2. Predicted versus observed yarn
elongation values.

65



showed that increases in short fibre con-
tent increase thin places in yarn. Roving
count determines the draft ratio on ring
spinning. We see that decreased roving
count (lower draft) decreased yarn un-
evenness. But it must be noted that in this
research drafting ratio ranged from 18.80
to 54.20.

Prediction ability of our model is very
high as shown in Figure 3.

Predicting yarn hairiness

Hairiness, another measurable yarn
characteristic, is usually an undesirable
property. Acceptable measuring devices
for the determination of hairiness, such
as the Uster Tester and the Zweigle Hairi-
ness Tester are relatively new and there-
fore fewer research articles have been
published on the estimation of hairiness
by using fibre parameters.

Regression coefficients, t-values and
significance level of the variables of
our model are given in Table 6. We see
that the most important fibre property in-
fluencing yarn hairiness is fibre diameter.
Finer cottons create less yarn hairiness.
Increased nep content, roving uneven-
ness, yarn count (tex) and roving count
(tex) increased yarn hairiness. Upper
quartile length and yarn twist reduced
yarn hairiness. Long fibres have less
chance to protrude from the yarn body
and become a hair.

Figure 4 shows the scatter plot of pre-
dicted values versus experimental values
and regression line of our model.
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Figure 3. Predicted versus observed yarn
unevenness values.
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Table 6. Regression coefficients, t-values and significance level of variables of our linear
regression model for yarn hairiness; * Partial Regression Coefficient.

Statist. Yarn twist | D(n),

Neps,

Roving Roving Yarn

param. Constant t.p.m. Hm Cnt/g CVm, % @ Cnt., tex Cnt., tex uat (w)
B* -0.361 -0.003 0.560 0.005 0.311 0.001 0.021 -0.058
Std. Error 1.793 0.000 0.075 0.001 0.046 0.000 0.009 0.027
t -0.201 -8.641 7477 4.523 6.813 3.316 2.467 -2.128
Sig. 0.841 0.000 0.000 0.000 0.000 0.001 0.015 0.035

Table 7. Goodness of fit statistics of models; * Standart Error of the Estimate.
Statist. parameter Tenacity Elongation Unevenness Hairiness
R 0.969 0.844 0.942 0.894
R2 0.938 0.712 0.887 0.799
Adj. R2 0.936 0.702 0.882 0.790
SEE* 0.967 0.457 0.809 0.367

Summary and conclusions

In this study we have tried to predict the
most important yarn parameters of ring
spun cotton yarns by using AFIS fibre
properties, roving and yarn properties
with linear multiple regression analy-
sis. For this aim fifteen cotton samples
were selected and yarns of 16.88, 19.69,
23.63, and 29.53 tex were spun with
aT¢0f3639,4022, and 4404. Cotton fibres
were tested on an Uster AFIS instrument.
In the first part of the work we tested the
type of relationship between yarn proper-
ties and independent variables (i.e. fibre,
roving and yarn properties) one by one.
These curve estimation tests indicated
that the relationships between variables
and yarn properties are nearly linear for
each yarn property. Therefore, we chose
multiple linear regression models for
statistical analysis.

Table 7 shows the following goodness of
fit statistics of our models: multiple R,
R2, adjusted R2 and standard error of the
estimate (SEE). From the table we can
see that all our models have very high R2
values and low SEE values.

In order to control the fitness of the
regression equations, analyses of vari-
ance (ANOVA) were performed. Table
8 shows the ANOVA test results for all
models. This table includes regression
and residual sums of squares, mean
squares, F values and significance level
of regression (p value). Goodness of fit
statistics and ANOVA tables prove that
the predictive powers of our models are
very high and important at the o = 0.01
significance level. The good performance
of linear regression models in explain-

ing yarn properties indicates that the
relationships between our variables (fibre
properties, roving properties, yarn count
and twist) and yarn properties are very
nearly linear.

Our models pointed out that roving
properties have a great effect on all yarn
properties. Yarn count and twist are most
decisive factors for yarn properties.
Among fibre properties fibre diameter is
the most important parameter as it is the
only variable that maintains significance
in every regression equation. Upper
quartile length, short fibre content, dust
and neps count are other important fibre
parameters for yarn properties.

Our work showed that AFIS fibre proper-
ties can be used for the prediction of yarn
properties successfully.

R2=0.7985 a

Predicted value

4 5 6 7 8 9
Yarn hairiness, H

Figure 4. Predicted versus observed yarn
hairiness values.
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Table 8. Analysis of variance (ANOVA) results.

Quantity Ssq”u’grgfs df
> Regression 2448.409 6
E Residual 161.631 173
© Total 2610.039 179
S | Regression 89.218 6
g Residual 36.116 173
u% Total 125.334 179
@ | Regression 878.105 7
§ Residual 112.915 172
g Total 991.020 179
@ Regression 91.841 7
:é Residual 23.172 172
g Total 115.013 179
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