Tuba BEDEZ UTE, Prof. Dr. Hiiseyin KADOGLU

Egellniversityfizmig

B rodicin |
s W ;

Y Sirospun system
# Experimental
~ BT
/

11/29/12



11/29/12

B Modelling and prediction of the yarn
properties has been very attractive for the
textile engineers, therefore several
mathematical, statistical and empirical
models have been developed to yield limited
success in terms of prediction accuracy and
general applicability.

B As the raw material costs constitute the
majority of the yarn production costs, it is
critically important to know the desirable
fibre characteristics that we need, for the
selection of the suitable cotton blend.

o Previous researches showed that, yarn properties are particularly
influenced from fibre properties and this effect becomes more
influential in the case of finer yarns.

o Obviously, fiber strength, length parameters and fineness are the
most important factors for yarn tenacity.

o In recent years, due to the demand of quality improvement studies,
some of the developments are subject to certain modifications of
the ring spinning frame to produce yarns with different structures
using modern spinning systems which improves yarn properties.




B The Sirospun technology was developed in the 1970s at
CSIRO laboratories.

O |n 1980 Zinser, was licensed vo sell Sirospun spinning
frames and to convert old frames to the new system.

O Traditionally, twe-fold yarns are used for worsted
weaving, because twisting binds the surface fibres into
the structure of the yarn.

B The essence of Sirospun is the combination of spinning
and doubling in one process.

B System enables to produce a special spin-twisted yarn
directly on a conventional ring spinning machine.

Sirospun system

« can be installed on ring spinning machine
with low investment costs.

< offers advantages such as eliminating
doubling and twisting processes.

< provides production increase, lower
energy, air conditioning and production
costs,

- provides savings on place and staff due to
eliminating some processes,
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Sirospun systam

In terms of fiber orientation, the fibers of plied yarn
are orientated at right angles to the axis whereas
fibers always have an incline to the axis of the sirospun
yarn. Therefore sirospun yarn surface will closely
resemble a single yarn.

Conventional plied yarns have opposite direction of
twist but spin-twisted yarns have identical direction of
twist in the single and in the plied yarn.

Sirospun yarns are less hairy and more extensible
compared to two-plied yarns.

It has better evenness, hairiness, abrasion resistance
and tenacity compared to single yarns with same linear
density.
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Yarn strength

O Since the tensile properties of a yarn directly affect the winding,
knitting and weaving efficiency, they are very important in determin-

ing the quality of the yarn.

O For this purpose, it is important to know which fiber and yarn
production parameters influence yarn tensile properties.

B Yarn strength depends upon various fiber parameters. The inherent
breaking strength of individual cotton fibers is considered to be the

most important factor,

O Bur fiber strength cannot be measured by AFIS. Instead of strength,
mean fiber length and fibre fineness become the leading properties

among those of AFIS.
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Materials and Methods

o In this research, different cotton blends were selected from
different spinning mills in Turkey.

B Yarn count, twist coefficient and strand spacing were also selected
as predictors because of their considerable effects on the yarn
properties.

Fiber Spinning
properties parameters

Materials and Methods

o Sirospun yarns were produced
with 10 different blends at a yarn
count of Ne 20, Ne 30, Ne 40 and
Ne 50.

B Each yarn count was spun at 3
different twist multipliers.

B For each yarn count and twist
multiplier, 3 different strand
spacing (3mm, émm and 9 mm)
were adjusted,
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Materials and Methods

o All samples were spun into yarns on a Rieter Model G30 ring
spinning machine

1

o 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 rovings
by using an Uster AFIS instrument.

B Yarn strength and breaking elongation
tests were performed on an Uster
Tensorapid.




Materials and Methods

Table [.AFIS fiber properties of different blends.

. /B1 B2 B3 B4 BS B6 B7 B8 BY BIOBII
NepCntlg 4 19 24 8 5 7 152 12 19 25 17

L(W) (mm) 295 28 25 303 268 27 248 261 263 28 255
_UQL (w) _3511_3319_35.?_ 36.&_ 32 _32.&_ !{l,'?_ 31 I3I.'1_3319_3016_
SFC(w)% 23 37 62 24 38|46 99 37 46 39 51
L(n) (mm) 258 242 215 264 23 233 202 229 227 243 222

SFC(n)% 85 116 151 9 113 132255 11 128 114 142
5.0% (mm) 409 399 367 424 373 382 356 361 369 39.0 35
TotalCntlg 8 Il 14 7 29 16|84 5 14 9 |9

TrasgCnt/g 0 0 0 0 0 0 Il 0|2 0 2
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Miodalng

o Regression analysis is widely used for prediction and forecasting and
to understand which among the independent variables are related
to the dependent variable.

il »yarn strength

Y=ot BX, +e

b A >fibre properties (AFIS)

»yarn production parameters ( yarn count, twist
coefficient, strand spacing)

o The multiple regression analysis and ordinary least squares method
was selected to learn the relationship between several independent
variables and a dependent variable.

14

11/29/12



Modalllng
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Initially, the types of relationship between independent and
dependent variables were checked by using curve estimation and
correlation analysis.

Statistical analysis demonstrated that there was a nearly linear
relationship between fibre properties measured in AFIS and
sirospun yarn properties, so, the linear multiple regression analysis
method was chosen for this study.

Statistical analyses were performed using Gretl and Minitab
softwares.

MiodeiEng
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Collinearity which is defined as a linear relationship between two
explanatory variables is tested.

It is found that there is an exact linear relationship between some
variables such as length measurements by weight and number based
values. Besides, upper quartile length by weight and 5% span length
parameters were highly correlated with mean length by weight.

As a result, upper quartile length by weight, mean length by number,
short fiber content by number and 5% span length parameters,
were omitted due to exact collinearity.
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Resuits and Discussion
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Another important diagnostic test was applied for seeking if there is
a heteroskedasticity in the regression models.

The presence of heteroscedasticity can invalidate statistical tests of
significance that assume that the modelling errors are uncorrelated
and normally distributed.

White test was used to establish whether the residual variance of a
variable in the regression model is constant (that is for
homoscedasticity).
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Best Subsets Regression, which is a method used to help determine
which independent variables should be included in a multple
regression model, was used.

This method involves examining all of the models created from all
possible combination of predictor variables.

Adjusted R? is used to measure the goodness of fit in the model. A
good model should have a high R? and adjusted R?, small §, and a
Mallows' Cp close to the number of predictors in the model and the
constant.

Possible regression models for prediction yarn strength were given in
Table 2.
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Table 2. Possible regression models for predicting yarn strength with AFIS fiber properties.

et Ya Twin
efindep. | . | Ad : Serand o el .- SFC | Teml | Trath
varisble | B R:j- Cp 5 tpacing r[;t.; *::::-' E-:tt Liw) imj | Coumt | Comni
1 5539 &89 32436 | 17553 X
1 41,6 41,5 BS486 | 14468 X
2 $15 | 508 | 833 | 1348 X X
2 47 4,7 23353 | 15103 X X
3 Ed.3 843 7.1 126887 X X X
i 516 §1% 8362 13567 X X X
- 83,1 85,1 3510 12371 X X X X
- 843 E4.3 2H1e 12674 X X X X
5 ] ] 53 11761 X X X X X
3 B3 8 E38 H A 12033 X X X X X
] 5646 556 21 11718 X X X X b X
0 s6e | se3 | Tes |47 X X X X X X
3 170 | 865 | 83 [1asTs X X X X X 3 X
$e6 | 848 | #50 24712 X X X X X X X
L] 870 | séx | ®0 [L18T1 * X X X x| =% X X
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o Stepwise regression selects a model by automatically adding or
removing individual predictors, based on their statistical significance.

o By this method, we can control the details of the process, including
the significance level.

B Regression coefficients and significance level of the independent
variables of different models are given in Table 3.

o Regression coefficient is the constant, that represents the rate of
change of a dependent variable, as a function of changes in the
independent variable.

o P value is used for determining statistically significance.

20

11/29/12

10



Table 3. Stepwise regression
models.
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w o e fog = 0

applied for seeking
if there is a
heteroskedasticity
in the regression
maodel.

o A new model was established to solve this problem and regression
coefficients of variables, t-val-ues and significance level of each varia-ble
of the new model are given in Table 4.
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Table 4. Regression coefficients and significance level of the model.

Coefficient | Std. Error| t-ratio p-value

Constant -18.233 1.627 «11.2027 <0.00001 A
Strand spacing (mm) -0.031 0.008 -3.7412 0.00019 ses
Yam count (Ne) -0.107 0.002 -16.5413 <0.00001 oon
Twist coeff, (ue) 1.306 0.045 20,0271 <0.00001 oon
Nep count 0012 0.005 2.2049 0.02755 o
Liw) 1.773 0.035 $0.3232 <0.00001 e
SFC(w) -8.535 0.549 -15.5264 <0.00001 s

otal count -0.022 0.004 -5.9009 <0.00001 e

ash count 0.302 0.029 10.2810 <0.00001 ”"e
SFC(w)? 1.754 0.109 16.0521 <0.00001 s
SFC(w)* -0.107 0.007 -14.8322 <0.00001 oon
Mean dependent vanable 20.3154|S.D. dependent variable 3.1997|
Sum squared residual 8754.034|S.E. of regression 1.8780
R? 0.8849|Ad). R? 0.8844
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Resuits and Discussion

B From the following graph, it is clearly seen that there is very high
correllation between predicted and actual yarn strength values.
i

T T T
actual « predicted
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Condusion

In this study we have tried to predict yarn strength, with AFIS fibre
properties and yarn parameters by linear multiple regression analysis.

Yarn strength (cN/tex) = -18,233- 0,031 FA.M. - 0,107 Yarn

count (Ne) + 1,306 (o )+ 0,012 NepCnt + 1,773 Lw — 8,535 SFCw
+ 1,754 SFCw? — 0,107 SFCw?- 0,022 TotalCnt + 0,302 TrashCnt

According to regression analysis, yarn production parameters
significantly effect yarn strength.

Yarn strength increases with decreasing strand spacing and yarn count
(MNe) but increasing the twist coefficient.

The most important fibre properties influencing yarn strength are fibre
length and short fibre content.
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Condusion
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Spinners are recommended to select raw materials having higher
fibre length but lower short fibre and foreign material content for
increasing yarn strength.

Although, they have to take into consider that, producing coarser
yarns, with higher twist coefficients and smaller strand spacing, will
provide higher yarn strength.

Consequently statistical evaluation showed that our equations had a
large R? and adjusted R? (0.88) values.
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Thank You,,,
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