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Aela Hsis

Abstract : In the present study , the work was carried out on an Egyptian Textile

Factory and comprehensive programme of studies was constructed . in which
5 the quality of combed rotor -yam in the medium count range was examined as '
a function of various parameters : type of sliver,combing %, twist multiplier and
yam linear density . The experimental design technique ( 6,7 ) with the help of
mini-computer programming used in this work to investigate the optimum con-

dition . The results indicate that a new finding suth as : higher yarn strength with
the same cotton fiber ( Giza 75 ) , improvement in yarn elongation and Uster

C.V % , better yarn quality index , less hairiness and ends down .
1.Introduction

During the last 15 years , rotor spinning has under gone a head long
technical and technological advance in terms of - its productivity, the level of
automation, using efficient package removal systems, higher rater speeds with !
ever smaller rotor. all these modification opening the way for the penetration of
rotor spinning into the range of fine yarn counts. '

Recenrly, several machinery makers ( 1.2) succeded in prsenting a new
technology aimed at producing fine yarns economically with high quality. Also
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several attempts using combed siiver to improve the yar—n quality and spinnability
{3,4,5)

Because of the trend goes to combed rotor yarns with higher rotor speed
and improve technoiogical elements, there are two facts to be considered :
-Carded rotor yarns are successful in the range between metric 40 and 60, if the
raw material is selected in accordance with the exacting yamn standarts ( 1).

-The combing technology has to enable the production of high quality yam
without the need of aspecially selected and expensive raw material by ( 2);
*reducing short fiber content and fine immature fibers this results in an overall
micronair increase from 0.1 to 0.2 points.
*removing impurities , this results in clear sfiver and less trash depesited in the
rotor groove.
*parallelizing the fibers and producing an even sliver aiso, the Increase of
combing and preparation production reduces the total combing costs. So it
becomes possibie to replace carded yam by combed yarn with a lower
| percentage of comber noil.
| Thus, the present work is intended to study the production of rotor yams
from combed cetton in the medium count range. The experiments carried out to
investigate the effect of yarn linear desity " or spinning draft *, twist multiplier,
sliver preparation and combing % on the quality of combed rotor yams.

The plan of experiments constructed by using multifactorial ( for three
variablés ) ( 6 ) and factorial design developed by box ( 7 ) ( for two variables )
and with the help of mini -computer programming.

in the next work , the investigation on the area of combing system in rotor
spinning technology will be continiues to study the production of fine combed
open-end yarns using different rotor speeds and rotor diameters.

2. Experimentai work

2.1 Statistical design of experiments

Two experimental plans were designed to investigate the quaiity of combed
rotor yams .
i) The first : the technique of factorial design will be considered is a multi factorial
experiment. The general method of analysis is drawn from the previous literature
( 6) of experimantal design.

iiy The second : varying two variables using Box and Behnkan technique ( 7 ) for

the comber noils and yarn count. The variables are selected at three levels nam-

ely ( -1), (0),(+1). The response Y * is given by a second order polynomial
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where X : ith variable, k : number of varibles , by , b ; and bjj : regression
l associated with the variables.
2.2 Construction details of experiments :
i) In the case of three variables:
B - In the first experiments three variables considered to be affecting rotor yamn
! quality as follows : X1 is twist multiplier («e ) , X2 is yarn count ( Ne ) and X3 is
sliver preparation ( i.e carding and combing phase ) and composed of 12
& separate sampling of output (i.e 2 3 x 2 ) as shown in table ( 1)
! - In the experiments 18 samples (2 x 3 x 3 ) and the variables considered to
! be affecting the quality are : X1 is twist multiplier , X2 is varn count and X4 is
, combing noils ( % ) as given in table ( 2 ) '

Table { 1 ) 2 x3 x 2 Factorial Experiments

X 3. Sliver Preparation

X1 :
carding phase cembing uhase
twist
; multiplier X 2 yam count ( Ne } A 2 yarn count { Ne )
|
: oe 14 20 26 14 20 26
3.8 X X X X X X
43 X X X X X X
Table { 2) 2 x 3x 3 Factorial Experiments
X 4 : Combing Nail
i
; X1 10 % 15 % 20%
] twist
| multiplier X2:yamcount X 2:yarn count X 2 yam count
ae 14 20 26 i4 20 26 4 20 26
3.8 X X X X X X X X X

43 X X X X X X X X %




T.4 El-Bealy and El-Habiby

ii ) Inthe case of two variables { K = 2 ) the experimental plan is given in table
{ 3 ) and the effect of the first and second order were determined by carrying
out a 32 factorial experiments. Also, actual levels corresponding the coded
variables is shown intable ( 4 ). The variables considered to effecting the rotor
yarn quality are X5 : yarn count ( Ne ) and X4 : combing noils ( % ).

Table ( 3 ) Experimental plan for two variables

Exp. Levels of variabl Responce
No. X1 X2 i
1 -1 -1 y1
2 0 -1 y2
3 +1 -1 .
4 -1 0

5 0 0

6 +1 0

7 -1 +1

3 0 -+ .
g +1 +1 y9

Table ( 4 ) Actual levels corresponding to coded variables

; Levels
Factors -1 0 +1
X2 : yarn count 14 20 26
(Ne)
X4 : combing% 10 15 20

2.3 Material used :

The experiments were carried out using Egyption cotton fiber ( Giza 75 )
and its preberities are given in table ( 5 ).
2.4 Yarn preduction :

Cotton fibres were processed through the blowroom and carded at Crosrol m/c.
Carded sliver was fed " Howa‘ combing preparation and comber m/c and Platt

drawing as shown in fig. ( 1) . Rotor yarns of different counts were spun from
carded and combed sliver with different twist muitipliers,also the combing %
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selected at three levels 10% . 15% and 20% . The “ Schlathorst * rotor spinning

m/c was set up to run at 41500 r.p.m, and combing roller speed was optimized
at 7300 r.p.m and delivery speed 68 mimin .

Table { 5) cotton fiber properties

(i) Fiber Length : ( using digtal fibrograph )
mean length = 29 mm, S.L 2.5% = 30.5, SL at 50% = 16.2 mm
{ il )Fiber Strength : ( Pressely tester ) : '
Pressely index : 10.1 Ib/mg
{ iii ) Fiber Fineness : ( Shiffeld micronaire }
micronaire reading : 4.5 uglinch -
maturity T 87%

cotton fiber (G 75)

I Blow room I

chute feed
; Carding m/c ]
Drawing
Howa
Supsr lap
m/c
1
Combing carded sliver
" combed sliver J

l Orawing (1, 1I) I

Rotor spinning
Schlathorst

combed carded
retor yarn

Fig{1)
2.5 Measurments of varn properties :
The Uster Evenness Tester type Ill was used, the rate of traverse of the
yarn being 200 m\min and the integration time 1 min . Ten packages of yam
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Table (6)

The Two- Way Table For Each Pair of Factors

(i)yamn tenacity
e x Ne

ae x sp ' Ne xsp

Ne1 He2 Ne3 sum

spl sp2 sum Nel Na2 Ne3 sum

Ge1 218.89 338.36 328.15 985.41
Qe2 227 29 227 43 204 47 949,19

Sp1 2062 31548 2BEBT 50855

Sp2 32898 25024 325.76 1028,097

Ge2 458.49 51592 885 4
Oe2 44008 50913 949 18

sum £46.18 685.73 62283 19346

—

Sum 306.55 102605 19346 [surn G46.18 68579 52283 18346

{ i ) yarn elongation
e x Ne

e X sp Ne x §p
Nel  Me2 Hez sum spi P2 sum Nel  Me2 MNe3 sum
et 123,18 12332 120 37853 | cei 122 16653 38753 sp1 1220 1308 1183 3759
@e2 12811 1248 11062 26420 GeZ 18323 1Bps JEA.39 | sp2 1223 127.4 1184 267.0
sum 25229 257.09 23285 74292 sum 37588 367 03 74282 | sum 2523 2573 737 7428

{ii) yarn irregularity

e x Ne e x Sp Ne x §
Nel  Ne2 Ne3 sum spi
@et 2179 2453 2807 733 Get 3508 3835 773 214 2538 2pop
Ge2 2254 2808 2791 7854 (G2 2852 3799 754 219 2521 2894 T43.4
Sum 4433 5059 35391 1488.4( sum 7449 7433 14854
{iv) yarn quality index
e X Ne oe x Sp Ne x Sp

Net Ne2 Ned

sum

@e118462 {7Bes 1378 501.27

ez 18373 1654 12052 479.68

sum 38955 24405 28933 osom

{ v ) yarn hairiness

@e x Ne

aetl B777 2835 S0.ZF | apt 17869 18652 1234

@e2 23082 24884 2798 SP2 1898 1775 1449

Qe2 1304 12384 109.45 263.73

ez 19057 17316 38372

ae x Sp Ne x Sp
“Net Ne2 Ne3d  sum sp1 sp2  sum l Net He2 Me3 sum
Ge1 1206 118.06 11336 282.04°| cteq 19554 1885 138204

sp1 14222 12483 119.02 3g6.11

5p2 11084 11704 102.78 33966

SUmIB106 2418 2228 TB7T

sum 38511 23088 7577 sum 28108 2419 22281

BT
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Table ( 7))
The Two- Way Table For Each Pair Of Factors
{1} yarn tenacity
Nel  Ne2  Ne3d sum el oLe2 sum el e2 sum

Cri 3142 3423 2305 3IETEO Cri 4791 4885 9O7E0 Hei 4788 5040 89280
Cr2 3339 3503 3358 1026.1 Cr2 5169 5091 10261 HMe2 51833 52688 10458
Cr3 3237 2528 2378 10183 Cr3 5121 5072 10183 Me3 S088 4743 98430

sum 9828 10459 8843 20128 sum 10591 15043 30128 sum 1508.1 15048 30128

{ ii } yarn elongation

Nel  Ne2 Ne3 sum el ae2 sum e e sum
el 122 1283 1182 %68 crl 1823 1847 3869 Net 1804 1808 3M.Z2
Cr2 1232 1Z74 11E9 2EBE Cr2 18BE 1BOS 2871 MeZz 1363 {EBE 3830
Cr3 1246 1273 1189 2B38 Cr3 1883 1808 38BB Me3 1C04 1882 2488

sum 3712 3830 3486 11028 sum 5571 5457 11028 sum&S7.1 5457 110286

{ il } varn irregularity

Net Ne2  Ne3 sum e de2 sum aef Ze? sum
Crl 2278 72538 2828 7847 én 378.2 366.4 76847 Mel 3256 234372 6788
Crz 2218 2521 2694 7434 Cr2 38335 2794 7434 Ne2 3735 2318 755.4
Cr2 22901 2495 7275 754.4 C3 3713 2821 7544 Ne3 4038 4243 828.2

sumB78.8 7564 B282 23E2A4 sum 1113 11494 22624 sum 1113 11484 22524

{ iv ) yarn quality index

% - M21  NeZ Hed  sum ©e1 a2 sum el e suny
Crl 1718 17377 12843 4748 cl 2432 2408 4748 Met 2613 2323 543 E

. lCrz 180.03 176.27 14485 51055 Cr2 2853 2457 5108 MeZ 2724 Z57.03 5304

Cr3 18193 180.28 14427 S0E6 Cr3 /35 2434 5068 Hed 2294 18989 4184

sum 543.81 530.40 41835 14824 sum 7631 7293 14924 | sum 7831 7233 1482.4

{ v }yarn hairiness

|
|
; Nedi Ne2 He3  sum el e? sum et oLe2 sum
|

Crl 1255 12153 10718 3542 cri 1738 1804 354.2 Hei 1859 1B0B. 3666
Crz 1188 11689 1038 3385 Cr2 {863 1732 3385 Ne2 1708 1804 2514
Cr3 1223 1129 1083 3445 Cr3 17804 1605 244582 Me3 1582 814 3203
sum 3666 32514 2202 10292 | sum 51613 3221 1038.21 | sum 5161 521 10382
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were tested (i.e 2000 meter/yarn were performed, at the same time yam
imperfections were recorded.

Uster Tensomat Tester was used for measuring strength characteristics
and 100 tests per yarn were preformed, each with tested length 50 cm an
breaking time 30 sec. Uster yarn hairines monitor " H " in conjunction with UT3
used for mesuring hairiness%. Zweigle automatic twsist tester D302 was used for
masuring yarn twist ( t/m and c.v% ) also zweigle automatic yarn count tester
L290 was used for measuring yarn count ( Tex ,Ne and c.v% )

Table ( 8 ) Summary of variance analysis of O-E combed yamn
properties ( 2 x3 x2)

Mean Square ( M.S)

Source Degree
of of Yamn Properties
Variance  Freedom

Tenacity Elongation Irregularity Hairiness YQlI
{df) giex % C.v% %

(i) Main Effects :

twist factor (cce) 1 10.8324% 1.6660" 14.4977* 0.0238 3.8900"
yarncount (Ne) 2 11.7187" 4.4155° 59.2129" 0.9144" £8.2407
sliver prep.(Sp) 1 115.0521* 0.6542* 0.02050 17.8801 15.9560°

{ ii YTwo Factor Interaction :

ae x Ne 2 11.0685* 2.1713" - 0.8864 0.5850 0.925"

aexSp 1 3.5501 0.0360 0.6676 1.1270 0.500™

Ne x ép 2 1.7750 0.2135% 0.03175 1.5150 0.9157

{ iii ) Three Factor Interaction : '

cexNexSp 2 25298 0.5828  0.0882 57.730" 0.285
Within cell 108 1.4628 0.0969 0.3135 0.6330 0.129

(*) significance for 99% ( ** ) significance for 95%

|
Experimental analysis :

| As shown in the experimental work in table ( 1-3 ) the results obtined for
yam tenacity,breaking elongation,yarn irregularity,yarn quality index ( YQI ),yarn
hairiness and ends down/1000 r.h were fed to computer and regression
coefficients were determined . The coefficients were tested for significance at
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the 80 , 95 and 99% confidence level . Also the two way table for each pair of
factors is given in tables (6)and (7). Summary of variance of open - end
combed yarn characteristics are given in tables ( 8 ) and ( 9).Also, the
responce-surface equations for the various yarn parameters are given in table
( 10 ) . Contour maps were costrutced by using the responce surface equation
as shown in figures ( 2 ) to (7).

Table ( 9 ) summary of variance analysis of O-E yamn
properties (3 x3x2)

Source Degree Mean Square ( M.S)
of of
Variance Freedom Yamn Progerties
(df)

Tenacity Eiongation fregularity Hairiness  YQj
gitex E% c.¥% (H)

Main Effects :
combing% (Cr 2 17.008* 0.0178 1.8802* 0.9341 6.455*
yarn count(Ne) 2 21.6047 5.068* 92.996™ 9.2883" 78.95*

twist factor(ce) 1 0.59 0.7195 7.6471*  0.1967 6.34*

(i) Two - Factor Interaction:

CrxNe 4 6.684~ 0.0306 0.6988™ 0.465 1.050

Crx oe 2 1.408 0.4887 0.2800 1.138 3.875"

Nexoe 2 16.286 2534 0.8566™ 0.908 15.040°

(iii ) Three - Factor Interaction :

CrxNexae 4 3.102** 18.833* 9.04995 1.54 3.140
Within cell 162 1.148 0.538 0.2287 0.486 0.678

{(*) signiﬁcance for 99% ( ** ) significance for 95%

4 . Resuits and discussion
4.1 Yarn tenacity :
The yamn tenacity results due to the effect of the three variables linear

density, twist factor and combing % " are shown in table ( 7 ) .It can be noticed
from the variance analysis that the main effect of the factors is significant . Also,

T

9
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the interaction between yar iinear density and twist multiplier is highty significant

From' the two 'wéy tables, it can be seen that, the linear density has a significant

influence on the yam tenacity . As yam becoms firer this leads t0 a drop in varn
Table ( 10) Responce-Surface Equations )

Responce Responce-Surface Correlation
equation coeflicient
(1) yarn tenacity 17.57-0.480X1+0.475X2-0.837X 12 0.833
{ gtex) - +0.003X22+0.388X1X2
{ii ) yarn elongation 5.862-0.378X1-0.07X2-0.055%1 2 0.949
{E%) +0.261X22+0.158X X2
(iil ) yarn irregularity 13.749+1.35X1-0.056X2-0. 1 20% 1 2 0.936
( C.v%) -0.087X22-0.120%1X>
(Iv)yam quality index  7.582.1 51 3X1+0.035X2-0. 63712 0.923
(yal) +0.452X22+0,403%1%2
(V) yam hairiness 5.74 - 0.223X1-0.205X2-0.0034% 12 0.760
{H% ) +0.0432X224205%1X2
( vi ) ends down per 72.216+16.66X1-4.166X2-8.33%12 0.810
1060 .h +20.836X22+25 0% 1% 2
{ wiere X1= X2 § -,3*?2 = X4

yam tenacity . Also the twist multiplier effect has been observed | the higher
twist especially at finer count resulting in a reduction in tenacity vaives . On the

higher yamn tenacity as combed sliver fed than those obtained for carded sliver

table ( 6 ) . The contour lines for yam tenacity due to the effect of combing %

and yamn linear density is shown in fig( 2 ), and the complete anaiysis of

variance are given in table (9) .ltcanbe seen , for yam having a higher linear

density , the effect of combing % within the experimental field results in a slight

change in yarmn tenacity . While , when the yarn becoms finer that the

improvement influence of the combing Y% on the yamn tenacity can be observed .

An increase in combing % increased the rotor yarn tenacity by approximately .

12% |

4.2 Elongation at break -, |
The two way tables (6-7)indicate that, the elongation at break is !

influenced by twist multiplier . Also, the effect of the factor ( twist and linear '

density ) and three factor ( twist x linear density x sliver fed ) is highly significant

( table 8 ). From the complete variance anlysis given in (table 8 ), it is clear that
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| the three factor ( combing % x linear density x twist ) affect significantly on yam
~ elongation . Also the yamn elongation is affected by other factors than by
combing % . The responce surface for elongation at break ( fig. 3 )indicates the
influence of yarn linear density and combig % . The reduction in yarn elongation
values is more marked for finer yarm and within the practical range of combing %
. While a higher elongation corresponds to lower combing % and coarser yam .

4.3 Yam irregularity :

As can be observed in two way table (6-7 ) for low and high twist
levels,regularity of O-E yamis practically dependent of the yarn linear density .
For both high twist and finer yams an increase in irregularity does become
avident ;

For the type of sliver fed ( carded and 15% combed ), the results obtained
imply that;as combed sliver was used for spinning combed rotor yarns results in
a slight change of regularity values .

Figure ( 4 ) shows the effect of yam linear density and combing % on yarn
irregularity . The contours clearly show that, their regularity increases with
a decrease in yamn linear density . For finer count as the combing % increases,
the influence on regularity becoms mere apparent . The combing process gives a
little inprovement in the Uster c.v% as shown intable (7).

4.4 Yarn quality index ( YQI ) :

Two way tables ( 6§ -7 ) show the influence of yamn linear density, twist factor,
sliver fed and combing % on combed yarn quality index . As we have seen, the
results that just been analysed are affected by the combing process . a better
; yarn quality is obtained witth combed sliver than with cardedd sliver g
P Also, it is evident that yarn quality index is affected by twist multiplier . The
b best resuits are obtained for low twist . For high yarn linear density, varying twist
multiplier causes a slight differences in combed yarm quality . While the
difference is approximately 1.3 points for finer count . It foillows from this that, as
the yarn becomes finer it is appropriate to use a lower twist multiplier .

Figure ( 5 ) shows the contours for yarn quality index, due to the effect of
combing % and yarn linear density . The results indicate that, quality index |
decreases from coarse to fine yams .Also quality index is slightly deteriorate
with an increase in combing % for coarser counts .The inverse phenomenan is
observed for finer count, an increase in combing % results in an increase in yam
quality index .
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4.5 Yarn hairiness :
Hairiness is highly affected by the experimental conditions . Also, the
interaction between twist, yamn linear density andd combing % is significant .

' The response surface equation for rotor yarn hairiness indicates that, the
combing % and yarn linear density affect Yyarin hairiness . Yamn hairiness
decreases with increasing combing % and decreasing yarn linear density as
shown in fig. ( 6 )

4.6 Ends down :

The contour lines for ends down of combed rotor yarns is shown in fig. (7).
Ends down per 1000 r.h decreases with an increasein both combing % and yam
linear density . A maximum yarn ends down occurs with finer count and high
combing%. In general, ends down varies between 12 an 80 per 1000 rotor
hour . This rate is very closer to the average levels of ends down in a new
modern rotor installation ~ 40 per 1000 r.h for average count { Ne 27 ) of 22 tex

§- Conclusion :
The present study permits the following conclusion to be drawn
1-The effect of combing % on rotor yarn quality :
(i) Combed rotor yarn strength and the variation in strength are improved
when using combed sliver .
- As a result of combing the rotor yarn tenacity increase by approximately
12%
- The effect is highly significant and it is evident for finer than for coarser
counts.

(i) Rotor yam elongation is influenced more by combed sliver than by carded
| sliver.In addation,the effect due to the variation in comber noil % is less
than other factors. While the interaction between combing % with yarn

linear density and twist affect significantly on yarn elongation . .
‘ (lii )}- Rotor yarn eveness affected significantly by the combing process . The
combed sliver gives a slight improvement in the Uster c.v% . This influence
is evient for finer count as the combing % increases .
( v )-Quality Index of combed rotor yarns is slightly deteriorated with an increa-

se in combing % for coarser counts . The inverse phenomenon is observ-
‘ R ed for finer count .

(v )- Rotor yarn hairiness decreases with an increase in combing % . The two ‘
factor ( count x combing % ) and three factor ( count x combing % x twist )
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interaction affect significantly yam hairiness .
( vi }-Ends down per 1000 rotor hour decreases with an increase in combing %
2- Effect of twist and yam linear density on quality of combed rotor yarn . The
results obtained through the experiments in this paper are sufficiently coherent

to be indicateve of the trends to be expected and compitable so far with the
earlier research work (8 ) .
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