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Abstract

The regression equations for studying the effect of draft
distribution, within draw-frames and open-end machine, on open-end
yarn properties were determined. The significant equations were
obtained by applying both Extreme Vertices Experimental Design (EVED)
and stepwise regression. Twenty-two experiments were sufficient for
the determination of Quadratic relation for eight factors. The
conditions for the application of EVED on draft factors, were
determined based on seven different experimental design. The yarn
evenness and tenacity are sufficient parameters for optimization, and
depends on draft distribution. The break draft at draw~ffame affect
them. Significantly, with oly + 15 % variation in total draft. This
indicates that when applying autoleveller redistribution of draft

within drafting zone is required for attaining optimum condition.
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Optimizing The Processing Of Open-End Cotton Yarns 279

or specially for optimizing spinning plans were applied on only 3 to 5

experiments [1-10].

It is of great importance in Textile industry to attain the optimal
condition with a greater number of factors with lesser number of
experiments. It is important to note that the significant factors in
any optimization technique don't exceed 40% of the number of
experiments [1,2,5,8,10,11], such a percentage decrease greatly with
the increase of the number of factors and experimentation. In the mean
time, the number of trails increase greatly with the increase of the

amount of factors.

Special experimental “design for first order regression was proposed,
having the number of experiment lesser than the number of factors [7]
to be studied, with the application of the stepwise regression, it is
possible to determine the significant factors. For the first order
regression, the mixture experimental design was applied in textile
technology for the determination of optimum draft distribution within

drawing frames [12].

Some factors in Textile industry are subjected - to different
constrains. These constrains can be transferred in some cases to sum
constrain and the mixture experimental design can be applied [6,12].
The mixture design is applied in case of the following constrain

[3,4].
T x. =1 0 f a. B j 1 (1)

L ==k

where: X, = factors under investigation.
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Applying such desigr: enable the decrease of the number of
experimentations to a great extent. [3,4]. Knowing that the constrain

in draft distribution is in the form:
T x. = ct 0 < x. (2)

The log transformation and scaling of the equation (2) will tend to
the constrain at (11). The product constrained can be obtained also in
other factors concerning speed, twist factor [6]. In this case, great
number of textile factors can be grouped in relation constrains and
the decrease of number of experimentation to a great extent can be

achieved.

It is remarkable to note that the range of these factors are always
not within 0 to 1, but at the range a; to bi' For that, the

application of conventicnal mixture experimental design will decrease
the range of the factors and for that, the application of Extreme
Vertices Experimental Design can enable the application of the whole
experimental range [3,4], which will tend to a better representation

to the regression relation.

The aim of this work consist of the determination of the regression
relations characterizing the effect of eight draft distribution
factors on different open-end yarn properties, with the application of
seven different extreme vertices experimental design (EVED) with
number of experiment varying from 13 to 49, for testing the ability of
these experimental design. The significant regression relation will
enable the determination c¢f factor values which attain the optimal or

required Quality level for different properties.
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Optimizing The Processing Of Open—End Cotton Yarms 281
2. Experimental Procedure

Carded cotton sliver of counts ranging from 3.57 ktex to 4.08 ktex
were obtained from the industry and processed on two draw-frame
passage then through the open—endmaChi'ne for gbtaining yarn of ccunt
40 tex. The factors under investigation consist of sliver count, break
draft, main draft and doukling for both first and seccnd drawing, then
the main draft at the OE machine. The factors and their range of

variations are shown in table 1.

Table 1
M/c ] lst Drawing 2nd Drawing OE M/c
Factor Card Break Main Né. of Break Main W of Main
Sliver Draft Draft Deibltng Draft Draft B fldsie Dreft
Count
Symbol X1 X2 X3 X4 X5 X6 X7 X8
Range 3.57 1.25 4.12 6 1.33 4,02 6 140.5
4,08 1.66 5.36 8 1.78 5.40 8 187.5
k tex

Ratio 1.143 1.328 1.301 1.33 1.338 1.343 " 1.33 1.335

The ratio of all the factors are from 1.3 to 1.34 only the sliver
count has a ratio of 1.14 which is abcut 85% of the whole range.
Factor 4 and 7 consist of the doubling at the draw-frame with only two
levels, we have to take in mind that the level + 1 can not be used or
we will not attain a constant yarn count. For that before taking the

log transformation and scaling to transfer these factors to mixture
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Optimizing The Processing Of Open-End Cotton Yarms 283

factor condition a dummy ratio of 2.81 was proposed and the factor
condition for experimentation were determined by applying the Extreme
Verticeé Experimental Design (EVED), the level of these factors are
shown in table 2 1In table 2, five sets of experimental trail are

shown.

Yarn strength, evenness and imperfections were determined for the

study using the standard methods of testing.

3. Results and Discussion

Seven experimental designs with different factors combinations were
constructed from the proposed experimental sets. These experimental

trials are shown in table 3.
Table 3

CONSTRUCTION AND SPECIFICATIONS OF DIFFERENT EXPERIMENTAL DESIGNS

Experimental 1 2 3 4 5 6 7
Design No.
Experimental I I, II I~TE] I,I11,1v III-V v -%

Set Combination

No. of Exp. 13 22 25 27 27 1e 49

Max Variance for
straight line 81.9 1742 13.9 11.9 20.4 39, ¥ 740

relation

Max variance for
special Quadratic _ 134814.8 129627 477008 654061 B8.4E8 29296.3

relation

Number of factors
at lower level 1 3 3 3 2 2 3
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284 A.A. Salaman and A.S. El-Getheini

The results of different experimental designs are shown in table
4, while the regression relations are demonstrated in table 5. From

these tables, it is possible to attain the following:

3.1 General consideration

All the proposed experimental trails determines the regression
relations with high significance, the coefficient of correlation
varies from 0.943 to 0.999, this indicates that the cbtained relation
describe to a great extent, the effect of different factors on the
tested yarn properties. One or more interactions effects were obtained
in all the significant regression except the regression determined by
first experimental set for the yarn neps. This enable us to say that

the factors affect the tested yarn properties in Quadratic form.

3.2. Effect of Experimental Design

The coefficient of correlation of all experimental designs are highly
significant, while the significant factors differs in some
circumstances. If we consider that the existance of a factor in linear
or interaction form is a measure of design efficiency for detecting
the factor effect. The number of factors determined by every
experimental design are shown in table 5. From this it can be seen
that the experimental designs 2,3,4,7 had the greater abilities for
the detecting of factor dependence. This can be explained from table
3 by both the range of variation of the factors and maximum variance
in Variance matrix. For that, it is important to have the whole range
of the factor within the experimental trials and the 30% 40% of the

factors be at the lower level at every experiment with an homogeneous
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distribution of lower level for all factors within the experimental

design.

3.3 Yarn Strength and Elongation

The regression equations for yarn tenacity of single of lea ends are
shown 1in table 5. From which, the coefficient of correlation for
proposed regressions exceed the vélue of 0.995 for all regressions
obtained. In case of tenacity of single-end strength, all the tested
factors are presented in most of regression obtained. The relation
obtained by the second and third sets are the most representable of
the results, same condition 1is obtained for the count strength
product, in which the number of experiment are lesser than the other
experimental design except the first one. In case of yarn elongation,
the coefficient of correlation is within 0.998, also second and third

experimental sets show a tendency to better representation of data.

All the regression obtained involve an interaction factors which
indicate that a Quadratic relation represent the dependence of yarn
strength and elongation on factors under consideration. The most
adequate factors, on yarn strength and elongations are break and mean
draft, and doubling at the first draw-frame, break draft of the second

draw-frame and draft at the open-end spinning machine.

3.4 Yarn imperfections

The regression equations of the four measures characterizing the yarn
imperfections are shown in table 5. The value of coefficient of
correlation is greater than 0.990 in case of yarn evenness. For that,

the yarn evenness can be considered the most influenced by the factors

Alexandria Engineering Journal April 1989
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under study. As in case of yarn strength and elongation, the second,
third and also the seventh experimental set realize mostly the results
obtained. In the same time a Quadratic relatioh is alsc cbtained for

almost of the regression accomplished.

The most satisfactory factors on yarn imperfections are card sliver

count, main draft of first draw-frame, break draft and draft for

second draw frame.

3.5 Optimum Conditions

Specified values of any yarn property under study can be determined by
solving any of the proposed relation. The most representative are that
of set 2,3,4,7. Since no significant difference were obtained when
solving such relations, the most optimal design can be considered that

of the lower number of experimentation which are set 2 or 3.

VI. Conclusion

1. The application of Extreme Vertices Experimental Design enable the
determination of different regression equations concerning the
dependence of yarn properties on draft distribution with great

accuracy.
2. The regression equations can be obtained with minimum number of
experimentation by wusing the stepwise regression. A significant
Quadratic relation for eight factors can be obtained by only

twenty-two experiments.

3. The most effective experimental design is that in which the lower

Alexandria Engineering Journal April 1989



(11

(2]

(3]

(4]

Optimizing The Processing Of Open—End Cotitom Yarns 289

level exist in the design for all factors in a homogeneous form

and within 25% - 40% of the total number of factors.

4. Most regressions obtained are significant for Quadratic relation,
which has to be taken always in consideration when proposing an
experimental design.

5. The vyarn tenacity, evenness and imperfections are mostly affected
by break draft and main draft of the drawing frames.

6. The yarn evenness and tenacity of single-end yarn can be
considered the most sufficient parameters for optimization of open
end processing.

7. The break draft in both first and second draw-frame are always
significant in both yarn imperfecticn and strength since this
variation 1is only within + 15%. This is within the level of any
autoleveller. For that, a redistribution of draft within the
drafting zone 1is needed when a variation in total draft is
produced on the autolevelling system.
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