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Abatract-
The presenl study has been made on two types of materials, wasl:

fiber blends "extracted from Giza 70" and ehork-staple cotton "Gize
31", to compare the characteristice of open-end yarns under a given
combination of three-variables. The varilables considered are the
rotor and combing roller speeds for different yarn linear densilies.
An experimental design technique (32) heve been applied to domenst-
rate the effect of chosen veriebles on yarn tenacity, elongation at
break, irreqularity and ysrn quality index. Alsco, this work, shows
a technolegicel interpreltalion of the results oblLained in terms of
ane variable and two or more veriables intersclions,.

1. Introduction:

Open-end yarn qualilky is affected by many parameters such as
properties of raw material, quelity grade of sliver, open-end spinn-
ing machine variables and the envioromenLial conditiaons.

(i) In terms of raw meterisl paramelers, it should be mentioned Lhat

The new rotor spinning machines has Lhe capabilily of procesa-
ing wide variety of raw materiai (1).

Seversl considerations has been given Lo proceesing of wasle
fiber by means of rotor Spinning (2) such as: waste fiber properties
composition of waste and whether enough Ffiber is involved Lo megke
manufacluring workh while. Also, whebther the inveslmenlL necessary
to re-cycle waslte fibre cen be covered in acceplable period.

As far as cobtton weate fibers is concerned, lLhere are differenl
wasle flber which are processed on rolor spinning machine. In revi-
ewing Lhe litérature (3), 1t wes found Lthak:
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Bokth comber noi1l and card skrips waske material can be processed suc-
cessfully aon rotor machine (4). Rolor spun yarn produced from a mix-
ture consisting of 45% npoils, 30% flat card stripping and 25% beater
waste {5,6). Various textile mills are Spinning waste cotton fibers,
comber noil's and others on rotor machines (7,8). Wolf {9) states
the combing noils csn be spun without any carrier fiber. Also, tra-
ils carried out wikh cerd strips, the fiber waa cleaned, carded anc
spun into 10D tex yarns on rotor m/c Lhat Ffeatured a traeh extraction
device {10).

On the okther hand, Low grade cobttons cen be used as cerriers (&),
One mill (11) successfully spin a blend of 23.8 mm strict middlang
and comber noil. Also, short staple cotlton fibres snd even purifind
waate can be spun into commercially acceptable 100-125 tex yarns {12,
22}, However, yern guality and ease of processing dependent upon the
amount of any pack of waste that is added to the blend (4). :

In addition, to produce good quality rolor-spun cotlon yarna,
attention shauld be paid to the Fiber properties (13). As s result,
of the earlier atudies {14,15,16,17,18), it hes been concluded thet
the nrder of importance of cotbtan fiber properties for open-end spin-
ning is:

- The cleanness ofF material is very important For rolor spinning as
Fibre strength and finenesas.

- Length and length uniformily appear Lo play only a minor role 1in
robtor spinning.

- Also, fFiber rigidty, crimp, elasticity and fiber-to-Metmsl friclkion
are all important in rolor spinning.

{ii) In terme of quality grade of aliver, it is evident that:

Msny articles have referred Lo the reguirements of sliver Lthat
is to be processed an a rotor spinning mechine {19,20,21). The best
spinning resulks were obtained for sliver containing less than 0.4%
non-lint. They slso recommend that second passage draw frame sliver
be used, the nep content should not exceed 150 neps/qgram of sliver
snd the sliver should be regular.

For procegsing short stsple material {(2), Lhe preparstion of
sliver is dependent on: a direck feed of the card sliver and Lbe
propertties of sliver, such ss regulariky, constant counk wikh mini-
mum deviation, produced according to its suitability for presentat-
ion to the open-end machine. In processing waste, such as a blend
of comber noils snd Flat and skrip wamie from the card, it may be
impossible bto subject Lhe malerial Lo s drawframe passage and dir-
ect spinning from catrd sliver may be unsvoidable (7,2).

(iii) In terme of Spinning Machine Variableas:

A great number of studies have been carried out in arder Lo
estaplish the effect of machine parameter, such as rotor speed
and the opening roller gpeed, on Spinning pecvformance and yarn
properkties:
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Grosberg and Manscur (25) studied Lhe effect of roltor gspeed 20,000
r.p.m. ko 100,000 r.p.m on yarn properties and shgowed Lhat the ten-
actty generally 1ncreased bul elongation decreased and yarn ifregu-
larity increased. Other wockers (24,25,26) have reported caontaty
results, viz. deterigration 1n yarn quality with i1ncrease 1n rotor
speed from 40,000 te 60,000 r.p.m. Another study on open-end mach-
ine for cotton/polyester blend (27) and cotton/viscose rayon (28)
revealed thak rotor speed had little effect on the strength of open-
end yarns,

In reviewing the bLiterature {29,30,31) it was found that, the
increase in opening roller speed lesds to a drop in yarn Eenacity
and elongatign. Aleo, the irregularity decreases with an increase
in opening roller speed up to 7750 r.p.m.

The present paper concerns a study of rotor Spinning parameters
gn yarn quality. The experiments were conducted according to a
Factorial design technique proposed by Box and Behnken {32). Also,
the work intended to investigeste the Following:

- The relations between rotor speed, opening reller speed, yarn
linear density and open-end yern queliky.

- Determination the most suitable conditions of processing waste
and short-slaple cotton on apen-end machine and

- How the differences 1n Lthe materisal, Giza 31 and waste Fiber
blends, affect the characteristics of open-end yarns.

2. Experimentsl Work:

The process 13 designed to use two different Fibers, Giza 31
catton Fiber and waste fiber blends, and their propertiss are list-
ed as follow:

- Cotton Fiber "Giza 31" of 30 mm effective fiber length, micro-
naire reading 3.3& ug/inch and pressely indax 7.04 .

- Waste fiber blends, composed of 40% comber waste, 20% card strips,
10% penumafil, 10% sliver rests and 20% opend roving and all fib-
ers extracted from Giza 70. The mean value gf fiber properties
are 2% mm effective length, micronaire reading 3.48 ug/inch and
pressely indax 6.66.

An experaimental design technique (32) 1s used Lo study the
effect of some factors affecbting open-end yarn quality. The vari-
ables considered sre X,: .yarn linear density, X,: The rotor speed
and X,: The gpening raller speed. In Lhis techaxque the variables
are sélected at three levels as shown in the experimental plen
Table (1) and the actusl levels of the variables are given in Table

(2).

The response surface "Y' s given by a second order poly-
nomial:

<, K K
Y = bo + 2 bi Xl + E C: bij xlxj;

1=1 1=1 j=t

77
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where Xl = 1lh wvariable.
k™ = number of variables {% = 3} and
bn,bland bij = Regression coefficients associaked wilh Lhe variaoles.

Table (1): Experimental plan for three variables.

Experimental Levels of variables
trail No. X1 Xz X3
1 =1 -1 0
2z -1 +1 0
3 +1 -1 0
a4 +1 +1 ]
5 -1 0 -1
6 -1 0 +1
7 +1 D -1
8 +1 0 +1
9 0 -1 -1
10 0 -1 +1
11 0 +1 =l
12 D +1 +1
13 0 1] 0
14 1] a ]
15 0 0 0

Table (2): Actual levels corresponding to coded levels.

Level
Yariables
-1 0 +1
X1: yarn count (Ne) 12(49.2 tex) 20(29.5 Lex) 28{21 tex}
XZ: Rotor speed{r.p.m.)} 30,000 40,000 50,000
x3: Opening roller speed 5000 6500 8000

{(r.p.m.)

Cotton Ffiber "Giza 31" and waske Ffiber blends were processed
through PBlowroom lines, cerding m/c's. Then the cotton draw sliver
and card sliver "from wasle" were spun alt open-end spinning machine
according to Lhe construction dektails of experiments.

All open-end yvarns were examined according Lo ASTHM skandard Lo
determine the yarn properlties. The Uster Tensomabt Strength Lester
was used for testing Lhe single end strength and breaking elongjalion.
The Uster Evenness tester was used for determining the yarn evenness
(C.¥%) and yarn 1mperfections, The yarn count wss measured on Auto-
sorkter. Also, lhe twist was measured on zwiglc twist tester.
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3. Results and Discussion:

The experimental results for yacn parameters were fed to a mini-
Computec, and regress:on coefficients were determined. Tables (3) and
{4) contain the equetions of the response surfaces obtained for the
yarn parameters studied: regularity, tenacity, elongation at break and
yarn quality index.

The empirical quality index was calculated @s in earlier Studies
(30)

Yarn temacity (gf/tex) x bresking elongation (%)

YarI =
Yarn Irregulacity (C.V%)

Figures (1-8) clearly show the trenda for open-end yarn charac-
terislics atudied aa a function of the choeen ¥ariables, such as
rotor speed, opening roller speed, and yarn lipesr density for Lwo
Lypes of fibers.

3.1. Yarn Irreqularity:

The contour lines for yarn irregularity, Figures {1) and (2),are
ellipses with a minimum falling outsidc the experimental field. The
resulls show the influence of rotor apeed, opaning roller speed and
yarn linear density on yarn irrequlacity (C.¥%).

The curves show that the yarn irreqgularity increases wibth the
decresse 1n yarn lineac density, from 49.2 tex Lo 21 tex.

The open-end yarn irregularity is affected by rolor speed as
shown in Figures (1) and (Z). The curves clearly indicate that:

{i) A substantial increase has been noticed in open end yarn irregu-

larity with the increase of rotor speed. The effect is parbticularly
prominent in Giza 37 cotton fiber and waste fiber blends at lower
opening roller speed (13 = =-1),

The relalionship, Fig. (1.1), (1.2% and (1.3), indicates Lhat
the increase in rotor speed and twe decregse in yarn linear density
has ipcressed the yarn irreqularity fcom 16.2% to 19% for Giza 31
and from 18% to 25% for waste fiber blends. Also, i1t is clear that
there exists a significant diffecence between the two Lype of fibers.
In addition, the higher irregularities occur using higher rotor speed
and medium count {Ne 2ZB8) and better yarn uniformity s obLained with
lower rotor speeds and ccarser count. Similar resulls have been
reported by other Research workers (33,34,35). The increase in irre-
gularity could be due to the fact that at high production speed,
fiber individualization is poer because of the higher feed rete of aliver.
Thia incresses bthe average number of fibers per fiber aggregate
leading Lo a high short term irreqularity. Another atudy (36} has
shown thst this is due Lo the percenltage of shealh Ffibers incresses
with an 1ncresse in rotoer speed.
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Table (F)
Material Open-€nd ¥acn Respganse Surfece Equatisns Corzelation
praperties Confflcient
{i) Lgtton Fiber 1. Single End Strength {gm} Y = 356.10F - 169.908 X, + 12,860 X, - F.265 xl
(Giza 31 + 100.024 x2 - 21,696 x% -29.30 43 9.956
+ 10,405, X, + 4.TAOK, X, #15.125 XoX,
2. Yarn leracity (gQl/tex) Y = 11876 - 1.040 ¥, « 0,300 X, + 0.010 :;
+ D.4728 :} - 0.429 xg - 0.537 %% 0.917
+ 05230, %, 40138 XXy +.0. lsa\tz:]
¥. Yacn Extension {F %} Y= 7.52% - .1 11 - 0.%00 X, + D.D2% Xy
~ 0798 i - gt xi - 0.087 x§ 0.963
+ 0.2801112 - 0.0781113 -0, ‘lUSlz!}
4, Yacn Irregularity (C.¥%) * oz 19,0815 + 1.26% I -~ 0.00% Ii +0.160 1,
+u|mx - 0.628 X5 - 1.16 xg 0,882
- 0.308x, x 2+, 376X Xy + 0.653T X,
4, Yarn Quelity [odex (YOI} T= 6.768 - 1.85% X, - 0.156 X, + 0.130 £,
- 0.269 X} + 0.063 xg - 0,159 xi 3.967
+ 05700, X, - 0.298X X+ 0.4031,%,
Table (&)
. Open-End yern
Heterial Respnnae Surface Equetlons Correlation
propert {es Comafflciamt
{ii) Colton Waste 1. Single End Strength (gm) Yoz J53.458 - 198,000 X, + 26,000 X, + 6,531 X,
blend 69118 x] - 9170 X7 + 26.525 r, a.9a2
- 0.500%, X, - 14.838X Xy & 18.6255,X,
1. varn Tenacity {(gf/tex) ¥z 11,238 ~ 1,219 X, + G504 Xy a.07% iy
' - 0.269 X} - 0.205 x§ - 0.298 xi 0.8%
- 0.220X X, 0,074 Xy D.4130,0,
3. varn Extension (E %) ¥ = T.446 - 1.10} 'l' - 0.766 X, « 0,126 I,
- g.5a x} + 0.127 xé + 0,183 x} 0,549
+ 0.165K ), - 0.170% X, - 0. 1034,X,
4. Yarn [rregulatiby (C.vE} Y= 20.032 - 2.081 X, + 0.035 :; - 1.026 14
+ 0,20} :f - D.08a X§ + 0.921 :i .99
+ 0.038X,X, - 0.305% X, - 0. 748X X,
5. Yarm Dualitv Index (YLD ¥ - %.1% - 1.72% 11 - a.I" lz + 0.329 13
- 0.298 %1 + 0.075 1% - 0.376 x§ 0.905
+ 0.2300,X, - 0. 170K Ky + 0.2870,%,
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(ii) Considering the effect of rotor aspeed at opening roller speed
6500 c.p.m. (X = 0) as given in fFigurea (1.2 and (2.2}, 1t is evi-
dent that a aizght change in yarn irregqularity occucs as the rozor
speed increases.

(iii) It 1s also observed that the open end ysrn irregularity is in-
fluenced by rotor speed at high opening roller speed BOGO r.p.m. (xl
= -1). Ffrom the graphs (1.3) and (2.3), it is obvious that, the
irregulerity graduslly decreased with increasing the rotor speeda.
The lower £.¥% values occurs at higher rotor speed and for coarser
yarn. -

Referring to the effect of opening roller gpeed, with varying
rotor speed and linesr demeity on yern irrequlecity, the curves show
that: -

The irregqularity dacreases with an increesse in opening roller
speed, Thia effect is particulerly prominent in waste fiber blends
end compatible with earlier study {37). It wes mentioned that, the
higher £.¥% velues et lower opening roller speed are due to the in-
sufficient opening of Ltufts. An incresse in apeed lsads to more
requlsar yarns.

On the other hand, for Giza 31, the results show a deteriorat-
20n in yarn uniformity with increase in opaning roller speed up to
6500 r.p.m., beyond which the irreqularity started decreesing.

3.2. ¥srn Tenscity:

Tha effect of three varisbles "rator speed, opening roller speed
end yarn linear density"” on yarn tenecity is ahaown in fig.(3) for
cotton Fiber "Giza 31" and Fig. (&) for waste fiber blends. As can
be seen the contour lines conform to a saddle shaps, through there
is e displacement of thear centre end passing from 5000 r.p.m. to
8000 r.p.m. of opening roller speed.

An increase in yarn count from Ne 12 to Ne 28 lesde to a drop
in yarn tenacity., 1t is also, intersting to note thst the petcent
fall i1n strength 1s much greatecr for waste fiber blends (approx.
26.3%) that far collton fibre "Giza 31" (approx. 24.3%). In addition, Lhe
strength of yesrn spun from Giza 31 varies between 9.5 gf/tex snd 12.5
gf/tex while it ranged from 8.7 gf/tex ta 11.8 gf/tex for waste Fiber blends,

The curves shaow the effect of ra2tor speed on yarn tenacity with
varying the combing roller speed ag fallow: Firstly; when cokton
fFiber "“Giza 31" are used ae appacvent in the resulta referring.to
coarser yarn Ne 12, the strength did naot change with 8n increase in
rotor speed up to 40,000 r.p.m., beyond which Lhe skrength stsrted
‘decreasing. For medium yarn count "Ne 28" a gradval increase in
strength was observed as the rotor speed iacreased from 30,000 r.p.m
te 50,000 v.p.m.

Secondly, the results obtsined for waste Fiber blend indicate
that, the variation in rotor speed at lower opening troller speed did
not show any change 1n ysrn tenacity, while & conaiderable increase
in yarn Lenacity takes place as the totor speed increases with vary-
1ng opening roller speed tetween 6500 v.p.m. and B000 r.p.m.
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Several explainations bave been put forward to discuss the etr-
engkh variation as the rotor speed is increased:

(i) The atrength decreasses is sttributed to:

-~ According to one hypothesis, the yarn roughs up at the surface
of the doffing navel because of the high tension at high speed
{25).

~ Another study has shown thalbl this 1s due to an 1ncrease in the
wrapper Fibers beceuse of the lengthening of tying-in zone (42).

~ Also, that was explained by the increase in the twisting torque
with increase in the rotor speed, tending to disturb the fiber
prientation and the very short term uniformity {33).

(ii) The agtrength increases se the apinning speed incresses, this
probably owing to:

The increase in the cenkrifugsl force, which presgses the Tibers
into the groove of the rotor and thus straightens them as the apin-
ning speed increases (23). The atraiqght Fibers will take a large pert
of the load and higher strength resulted.

With regard to the influence of the speed of the aspening roller
on yarn tenecity, it may be observed tbat, the Lenacity oscillates
between 9.4 gf/tex and 12.3 qf/ftex alk the (-1) level, 1t ranges from
9.9 gf/tex to 12.9 gf/tex at the {(0) level and varies from 9.3 gf/tex
to 12.28 gf/tex at the (+1) level. That ie to say, for cotton fiber
"Gize 31", a slight chenge in tenacity occurs as the opening roller
speed incressed.

On the other hand, for waate fiber blend, a decrease in the
speed of the opening roller results in a drop in yarn tenacity. 1In
general, yarn tenacity varies between B.9 gf/tex and 12.7 gf/tex al
higher epeed 8000 r.p.m., and from 8.5 gf/tex to 10.8 gf/tex at lower
opening Troller apeed 5000 r.p.m. This 1s in sgreemenl with the res-
ults obtained by Barella and ¥iGo (41}, while 1t is unlike the find~-
ings of some other researchers (38, 39}.

Such reducltian i1n open-end yarn Lenacity due ta the effect of
gpening roller speed has been reported as follaw: The sharp fall in
yarn tenacity with an increase 1n opening roller speed 1e attribut-
ed to the greater extent of fiber length shortening due to Fiber
breakage (38,39). Apart from the reduct:ian in Fiber length merchani-
.cal stress imposed an fiber may be reducing 1ts strength as reported
by London and Jordan (40).

3.3. Yern Brseking elongation:

The contour lines, Figures (5) and (&8}, demonstrate the influ-
ences of rolor speed, the cambing roller speed and yarn linear dens-
1ty on breaking elongstion.

The resullts oblained show that the yarn breaking elongation
decreases with decrease in gpen-end yarn linear density, from 49.2
tex to 271 tex.
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The yarn elongakion al break goes down as the rotor speed incr-
eases. The effect 1s particularly prominent with waste Ffiber blend
for all yarn linear densities. Also, the same trend bas been oo2ser-
ved 1n the results obtained for cotton Fiber "Giza 31" where Lthe
reduction in elongation occurs only for yarn count up bto Ne 22 (26.8
tex). This is 1n agreement with the results obtained by Stalder {34).
He explained Lhis reduction to the 1ncrease in yarn tensian, which
is proportional to the square of the rotor speed.

Regarding to the effect of opening roller speed, the results
indicate that, an incresse in opening roller speed show wery little
change in yarn elongation. A reduction in elongatian, 0.35 to 0.63%,
occurs at highe rotor speed and for medium count, while a slight in-
crease, from D.46% to 0.70%, occurs at lower rotor speed and for
coarser yarns.

3.4, Yarn Quality Index (YQI):

The contours for yarm guality index with varying yarn lingar
density and rotor speed at different levels of opening roller speed
are shown in Figures {(7) and '(8).

Yarn gquality index has been affected by linear density, tne
curves show a decrease im yarn quality with yarn linear density dec-
reases. The same graph's show a higher quality index, from 4.5 tg
9.2, far cotton fiber "Giza 31" than that For waste fiber blend.,
which ranged between 3.5 and 7.0.

The index, for both fibera, drops as the rolor speed i1ncreases.
This effect is prominent abt lower opening roller speed 5000 c.p.a.
(Xy = =-1). Also, the same trend bas been aobserved at opening roller
apged 6500 r.p.m. (X, = 0) particularly for yatn count up to he 22,
On the other hand, aE the {+1) level of opening roller speed {8000
r.p.m), the increase in rotor speed show very little change in yarn
quality 1ndex.

4y, Conclusion:

The present study permits the fol'lowing conclusions Lo be drawn:
The Factorial design.technique (32) aliow to Find for short staple
fFibers, Giza 31 and waste fiber blend, the most suitable caonditions
of rotar Spinning Lo the fimal yarn quality. Also, the analysis of
spinning conditions in conjunction with open-end yarn characteris-
tics leads to very inltersting results as follow:

1) The relationahips between linear density, material used and open-
end yarn quality indicate that:

(i) An increase in yarm count from Ne 12 to Ne 28 leads Lo a_det-
crioration in yarn regularity. Alse, a more even yarn was obtained
for coarser yarn Ne 12. The rate of increase 1in yarn 1rregglar1ty
much greater for waste fiber blend (7% C.¥) than that Ffor Giza 31
(3% C.v).
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(ii) An 1ncrease 1n yarn count {Ne} leads to a drop in yern tenaacity
and the percent fall i1n tenacity 1s approximately 25%. Also, lLenac-

ity 1s better ss the vyarn spun from cotton fiber “Gize 31" than those
obLained for waste Fiber blend. The difference 13 ranged between 0.4
gf/tex and 1.5 gf/tex.

{iii) The yarn bresking elongation decreases considerably ss yarn
linesr density decreesses.

{iv) The ysrn quality was highly improved ms linesr density increas-
ed. The index for yarns spun from Gire 31, ranged from 4.5 to 9.2
is higher than Lhat For wasste fiber blend, approxi. from 3.5 te 7.0,

2} Regarding to the rotor gspeed, it is evident that:

(i) An incresse in rotor speed causes the yarn reqularity ts fall
for both fibers, Gizae 31 and waste fiber blend, at low opening rol-
ler speed. Alsc, a slight change occurs at 6500 r.p.m. On the other
hend, the yarn irreqularity decreased when the rotor speed increas-
ed at opening roller speed 8000 r.p.m.

(ii) The yarn tenacity increases a5 the rotor speed was increased
from 30,000 r.p.m. to 50,000 r.p.m. for medium count and combing rol-
ler speed varies between 6500 r.p.m. and 8000 r.p.m. 0n the other
hand, there 1s a particular no chenge 1n yern tenacity as rotor speed
increases for coarser yarns and Loo low opening roller speed.

{iii) An incresse in rotor speed causes the elongatien at break
goes down, for all yarn counts, spun From waste Fiber blend. The
same trend has been observed for cousrser yarns up to Ne 22 which spun
from cotton fiber "Gize 31".

r
(iv} For coarser ysrns, a lowar index of guality obtained as the
rotor speed increases wilh varying opening roller speed between 5000
r.p.m, and 6500 r.p.m. 0On the other hand, Ffor medium cgunt, the in-
crease in rotor speed st opening roller speed BOOO r.p.m. results in
a little change in index of quality.

J) 1n terme of opening roller speed, the results indicats that:

{i} For open-end yern spun Ffrom waste Ffiber blend, too low a
speed tends to deteriorate the yarn reqularity. On the other hand,
For Giza 31, an increase 1in speed up to 6500 r.p.m. leada to 1rreg-
ular yarns, beyond which the irragularity atarted decreasing.

(1i) An inadecuate s5peed of opening roller leads Lo a deterior-
atlon 1in yern Lemacaly. A decrease in the speed of combing recller
results 1n a deop in yarn tenacilty.

(iii) An incresse in opening rcller speed lesds to a little red-
uction in yarn elongation.
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