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ABSTRACT- A study was made on the effect of the comber varlables, top comb depth,
feed length/nip, comber lap weight and setting between detaching roll and nippers
on the comber waste and fiber length parameters of combed sllver. The experimental
design technique (11, 12} with the help of mlni-computer programming used in this
work Eo Investigate the optimum condition. The results led to the relative importance
of factors which affect the noils, 2.5% span length, 50% span length and length
-uniformity ratio (UR%}.

1- INTRODUCTICN :

The accepted main functions of combing are generally stated as following @
The remowval of short fibers. Heps and waste particles are also separated from
the long flbers In the combing process.
The paralization of the flbers and the uniform of the Fiber strand, consequently
these flbers will process better at the spinning frame.

In revlewing the llterature, it was found that :

Morton and MNleld (2} showed that the waste extracted by the comber of
fixed settlngs, decreased with the decrease in Lhe number of trailling hooks in the
lap fed. Dther research workers (1, 2, 3, 4) have studled the effect of hooks on noii
losses and thelr findings are either simllar or eontradictory to the findings by Morton
and Mleld. Results published by Wilhelm and Wagner (4) indlcated that the waste
at the comber decreased steadlly with additional maehines and with higher Gtotal
draft i.e. increased flber parallizatlon between carding and combing, Cauble (1)
reported that, there is a progressive decrease in eomber waste as the number of
passages of drawing in the preparatory sequence was increased from one to three.
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Mutter and Slater (3) studied the effect of the direction of presentation
of hooked flbers and draft empicyed between carding and combing on comber waste,
at two step gauge settings. Wakhankar and Bhaduri (5} studied the effect of rfiber
configuration in the feed to the comber on the waste extracted at different step
gauge settings and wlth different cottons.

During the past twinty years considerable advances have been made bv
machinery manufacturers [n regard toc combing eguipment. The advanced dasigning
and engineering technique of new comber machines tends to:

- ensure the production of the best quallty sliver and high speed operatdon.
- ensure better combing efficlency and staple operation, to prevent tha iIntrusion of
dust and fly.

Methods of Increasing comber production rate by altering the welght of lap,
feed length or machine speed have been examined and data presented to show that
increased speed Is technologically superior to the other alternatives {6). New comber
machines capable of speed up ta 340 nlps/mln are now offered by several makers
{10} and production rates have been markdly increased 1p to 80 Kg/hr/m/e. Astentlon
has alsc been given to methods of preparation for combing (7) and machines with
high speeds have hecame available (8, 9).

Thus, the work reported in this paper is intend to study the effect of multi-
comber parameters on strand quallty using factorial design and with the help of minl-
computer program ming.

2- EXPERIMENTAL WORK :

Two factorial plans were designed to Investigate the comber noil extracted
and fiber length uniformity of comber sliver :
{1) The first, varylng two parameters using Box (11) technique for:

The effect of top comb depth and feed length/ nip, and
The nifluence of comber Lap weight and setidng between detaching roll and nipper.

{ii) The second, varying three factors using Box and Behnken (12) technique for the
effect of comber lap weight, feed length/nlp and camber noil%.

2.1 Factorial Design :

The variables are selected at three levels namely {- 1), (0} and {+ 1), The
response "Y" Is given by a second order polynomial i.e.

f=1 i=1 =1

where X, = i variable

K = number of variables and
b0 ) bi and bJj : Regression coefficignts associated with the variables.

In order to determine the regression coefficients, the response "Y" has to
be found by using different experlmental combinativn: of the variables under considera-
tHions. In case of two variables, the experimental design of Box {11} applled to find
the level of the factors which give an optimum response. Also, the design developed
by Boux and Behnken (12} for three wvariables was applied in the present study to
optimize the combing process parameters.
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2.2 Material used :

The experiments were carried sut using Egyptian cotton Fiber "Glza 70
and its properties are given in Table (1).

Table (1) : Cotton fiber properties.

Fiber length: Fiber strength:

mean length = 29 mm pressely index = 10.8

% short fibers = 6.6% fiber tenacity = 31.6 gf/tcx
elongation = 5.2%

Fiber fincness; Trash content:

micronaire = 2.9 ug / inch Lint % = 94.5%

marturity = 68% non lint% = = 5.7%

2.3 construction details of experiments:

(i) In case of two variables (K = 2): the experimental plan is given in Table (2)
and the cffect of the first and second order were detcrminey by carrying out
a 3* factorial experiment.

Two experimental plans were designed as follows:

- The first to investigate tiber length characteristies of combed sliver and waste
extraction at comber for the effect of top comb depth and feed length/nip as
shown in table (3).

Table (2): Experdmental plan far two Table (3) Actual levels carresponding
variahles to coded variahles.
levcls of variables Factors Levels
Ng———M
b4 1 X 2 (Yi) -1 & 1
1 -1 -1 Y.[ X .: top comb depth O 0.5 1
z 0 -1 Y X i feed length/nip 4,917 5.24 5.61
3 2 2
+1 -1 .
4 -1 0 .
5 G Q ¥ 5
& +1 0 .
7 -1 +1 .
8 0 +1 .
9 +1 +1 Y9'

- The second experimental plan was designed for corber lap weight, and setting
between nipper and detaching roll at diffcrcnt levels. The true levels of the
variables are given in Table {&).

(ii} In case of three varlables (K = 3), the experimental plan Is given in Table (5)
and the actual leveis of the varlables are given jn Table (6). The variables conside-
red are the comber lap weight, feed length/nlp and pereentage of comber noil.
Thz experimental work was conducted on conventional coemhing preparation system
“card, sliver lap, ribbon lap and followed by high production comber machine".

The cotton fibers processed according to the above copnstrucgkion det while
aﬂ other settli?\g wore Ef(rept as per réeom mendat?ons of mac Lmne m anutadturers.
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Table (&} Actual levels corresponding Tahle (3) Experimental plan for three
to coded variahles. variahles,
Combinatdlon Levels of varfables Resp-
Factors onse
- My h
1 0 +1 No. X 1 X 2 X 3 Y
)(1: setting between 5 7 9 1 -1 -1 ¢ Y
detach. roll and 2 R T 2
nippers (mm} 3 +1 -1 ] . 2
X,: Comber lap 55 60 65 : o0
2 welght (g/m) 3 -1 0 -1 :
9 6 10 +1
7 +1 0 -1
Table {6) : Actual levels corresponding 8 +1 Qg  +1 .
to coded variables, 3 a -1 ~1 Y
10 a -1 +1 . &
1 0] +1 -1 .
Factors 12 g +1 +1 .
13 ] 0 0] .
14 a 0 a .
X4: Comber lap weight 55 60 65 13 ¢ -0 ¢ Y15
(g/m) .
X>: Feed length/nipl(mm) 4.91 5.24 5.61
X;: Comber noil (%) 12 16 20

3

2.4 Measure ments:

In all the above trails, the followlng tests were conducted on:
- Measuring the fiber length distribution, using Digital fibrograph, of raw cotton,
carded sliver, comber lap, combed sliver and comber waste.
- Estimate the comber noll pereent and
- Measuring the sliver count and irregularity using Autosorter and uster evenness
tester.

3- RESULTS AND DISCUSSION:

According to the experimental plans in Tables (2} and (5) the results obtained
for flber length characteristics and comer noil%. The results were fed into a mini-
computer, equlpped with a plotter, in order to obtain regression coefficlents, the
response surface equations and other statistical data as shown in Tables {7 - 9). The
variance analysls was carried out to demonstrate the significanee of the variables
comparing with F-table at 99, 95 and 0% significance levels as shown In Table {10).
The contours for fiber length and comber waste extraction were constructed by
using the respense surface equations.

3.1. Effect of top comb depth and feed length/nip:

{1) comber noil extraction: as shown in Fig. (2}, it is clear that in the absence
of the top comb (X, = -1} there is a conslderable fall in the level of comber noil
extracted by the comber. This is lower than those obtained at conventional combing
(X, = 0L

1
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Tatle (7): Equations of Response Surface.

Comber variables Strand parameter

Equation of Response Surface

(X,) Top comb depth {i) Comber noils

C% = 11.8268 + 3.9466 X, - 1.08 X,
+ 0.3398 X2 + 0,6599 X%

(X,) Feed length/nip g
+ 0.365 x11x2
(i) Fiber length SL 2.5% = 31.9967 + 0.275 X, - 0.685 X,
+ 1.3369 x5 + 0.1749 x22 "
0.0225 X, X,
SL 50% = 17.626 + 0.1017 X, + 0.0733 X,
- 0.0683 X2 + 0.7767 X2 +
0.1525 X, X,
UR = 55.719 - 0.164 X, + 1.358 X -
> 17 2
2.4556 X{ + 2.076 X5 +
0.397 X, X,
Table {8): Equations of Response Surface
Comber Variables Strand Parameters Equation of Response Surface
{X ,) Setting between (1) Comber noil C% = 16,0+ 3.683 X, + 1.3 X, + 1.05 x2
detaching roll > 2 1
ctaching ro + 0.0 X5 -07 X, X
and nipper 2 172
(X,) Comber lap {li) Fiber length S.L 2.5%= 33.499 +1.1166X, + 0.1833 X,
weight + 00168 X5 + 085 x5
0.025 X, X
S.L 50% = 18.943 40.95 X, + 0.75 X, -
0.1167 X5 + 07835 X5 -
0.5 X4 X,
UR = 56.199 + 0.9 X. + 1.866 X -
2 12 2
0.399 X§ +1.6 X5 ~ 1.575 X X,

Tahble (9) Equations of Response Surface.

Comber Variahles Strand Parameters

Equation of Response Surface

(X;) Comber Lap weight
(XZ) Feed length/nip Fiber length

{x 3) Comber noils%

S.L 2.5%= 34.3866 + 0.2025 Xy -
1.3968 XE + 0.6638 }(2
3.0758 X7 - 1.4483 X

21 2
0.128 X7 - 0.5525 X, Xz -

3
0.2825 X, X, - 1.23Q¢ X, X

173 273
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Fiber length S.L 50%=20.4133+ 0.0875 X1 - 0.5688 X2
+ 0.6813 X - 0.3129 xf .
0.149 xg - 0.8254 x% -
0.350 X, X, + 0.25 X, X -

3
0.2375 XZ X3
Fiber length UR = 5%9.437-0.0888 X1+0.825 X2
0.9538 X3-0.6338 X5 + 2.9862 X5
- 2.3778 Xg - 0.1024 )(1 Xz +
0.585 X,I X3 + 1.6625 Xz X3
Taole {10} : Significance levels
Exp. Mean sum of squares (m. s. s.}
Variables Comkber Fiber length parameters
noils S.L 2.5% UR%
* *
1st plan X1: top comb depth (mm) 93.4571 3.564 0.3902
X,¢ feed length/nip (mm) 6.9984" " 28156 9.830
2nd plan X ;: Setting between detaching 81.4016" 74816 14.860
roll and nippers.
¥ %
Xy Comber lap weight {(g/m) 10.14 0.2014 20.906

Significance levels: (*} 99%, (**) 95%, (*¥**) 30% .

The effect of stop comb on comber waste was explained by the fibers held by
detaehing rollers can drag forward Into the sliver not directly held. Also, in the
absence of the teasing action of the top comb, the action of the cylinder be:ames
less efficient.

The contour lines indicate the effect of feed length/nip (X,) on the comber
noils. The wardation In feed length/nlp cause an increase, about 2%, In comber waste,
Also, it can be scen that, the reductlon obtained In comber noil due to the removal
of top comb is greater wlth longer feed lengths, while a sharp increase in comber
waste extraction oceurs with high comb depth and shorter feed length.

{2) Fiber length characteristics: Figure (1} show the fiber length distribution
using digital fibrograph of cotton lap, card sliver, comber sliver and comber noils.
It can be seen that oombing removes a large proportdon of the short fibers, resulting
in a vombed sliver whieh has a longer fiber mean lengtn than befor combing.

The curves, in Fig. (3.1}, shows the ef“ect of top comb depth and feed length/f
nip on fiber length parameters. The contour lines of span length at 2.5% are ellipses
wlth a minimum falling outside the experlmental fleld. The contour clearly show that
SL 2.5% decreases with an increase of feed length/nip.

Figures (3.2) and {(3.3) clearly illustrate the trends of flber length at span
length 50% and uniformlty ratio as a function of X 1
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Fig. (1) Fiber Length distribution .
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top comb depth and X,: feed length/nip. For practical setting of top comb (x.l =0
to + 1), the varlation in feed length/nlp (arround X, = 0) causes a slight increase
in span length at 50%. Also, a better uniformity rati.o,zbetween 54% and 59%, obtained
at normal setting of top comb (x1 = 0} with different levels of feed length/ nip.

3.2 Effect of comber lIap weight and setting between nipper and detaching roll.

() Comber noil extracton: Flgure (4) represent contour of response surface
of comber waste extracton%. An Increase In setting between nlpper and detaching
roll (X, clearly affect the comber noll percent. An Increase of waste extraction with
lncreaslng the setting, between X, = -1 and x1 = Q, is observed. This effect deminished
at higher values of setting (x1 =+ T

On the other hand, the change in comber lap weight, between 95 to 65 g/m,
causes an increase in the comber noll. Also, it will be observed that, for lower values
of both comber lap wejght (xz) and setting (x1), the reduction in comber waste
becames very sharp.

i) Fiber length characteristics: Figures (5.1}, (5.2} and (5.3} clearly show
the trend for the different parameters of fiber length distdbutien, SL 2.5%, SL 50%
and UR%, as a functlon of the chosen varlables. As can be seen that, the contour
Mnes for SL 2.5%, Flg. {5.1), are ellipses with a minimum falling outside the experi-
mental fleld. With regard to SL 50%, the contour lines conform to be a eccentric
saddle shape. There are also clear trends showlng length increasing when lap weight
and settdng increases. Flnally, Fig. (5.3), show the contours for uniformity ratio which
conform a saddle shape where as an increase In (X,) settng and (Xz) comber lap
weight eauses uniformity ratio to Increase. The mfnlmum incidence of 5L 2.5%,
SL 50% and UR seems to occurs at a lower settng between nlpper and detaching
roll, and comber lap weight between 55 and 60 g/ m.

3.3 Effect of comber lap weight, feed length/nip and comber nalls

Flgures (6.1), (6.2) and (6.3) show the effect of feed length/ nip and comber
noll extracted for different comber lap weight on fiber length parameters. The contour
Mines, Fig. {6.1), are ellipses with a minimum falling outside the experimental field.
The curves clearly indicate that the fiber length (SL 2.5%) Increases with an increase
in comber waste extracted. This could probably be due to the fact that the combing
removes a large proportlon of short flbers resulting in a combed sliver which has
a longer fiber mean length. In additlon, the Influences of feed length/nip and comber
lap welght are in agreement wlth the results obtained in the above sections. As
shown In Fig. {6.2), the contour lines for span lengthat 50% conform to be an excentric
saddle shape, through there is a displacement of their centre on passing from lighter
to heavier comber lap welght {i.e. from 55 to &5 g/mJ). Also, it will be observed that
for higher rate of comber waste extraction (X)) up to 16% and shorter feed length/
ndp the Increase in SL 50% became very sharp. Flnally fig. (6.3) show the contours
for uniformity ratlo which conform a saddle shape, where as an inerease In comber
waste extractlon (X.) with varying lap weight (X,) and feed length/nip (xz) causes
fiber length unlformi%y of combed sliver to Increases.

3.4 Relatonship between comber waste extraction and length uniformity ratio (UR%):

It is clear from the above results that the comber machine varlables "such
as stop comb depth, feed length/nip, eomber lip weight and setting between detaching
rall and nipper would affect significantly on the comber waste extractlon and flber
length parameters of combed sliver. The values attained depend on the level of chosen
variables through experimentation. In the earlier work (13), lt was stated that to
choose the right quallty of the cotton the SL 2.5% and UR% have to be considered
separately. Also, these two parameters are also closely to be purchased or supplled
makes it possible to predict the percentage of comber noils.
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The Interdependence between the obtainable uniformity ratio of combed
sliver and the amount of comber noils is shown In Figures (7.1), (7.2} and (7.3). From
Flgures {7.1) a and (7.1) b the curves indicate the 2.5% span length and length unifor-
mity rato UR% increases with the increase of comber nail% regarding the effeet
of top comb depth and feed length/ndp. The variation in top comb depth causes substa-
ntlal increase In comber waste as well as fiber length unifermity than those ohtained
with feed length at comber. For cotton fiber "Giza-70" a better uniformity can be
obtained within thc range of 11% to 14% comber noils. The percentage of comber
waste above this level does not show any reasonable increase of fiber length uniformity
especially with long fed length/nip.

In respect of the effect of comber lap weight and setting between detaching
roll and nippers, bar charts (Figures (72 ) a and (7.2) b; illustrate the rate of variation
in uniformity ratio which is about 7% to 1%. Also, the results Indicate that the
increase of comber noils from 1.4% to 4.2% regarding the comber lap welght. While
it ranged betwcen 5.7% and 8.5% In respect to setting between ndppers and detaching
roll. The curves In Fig. (7.2) ¢ show the In terdependence between uniformity ratio
and comber waste%. The length uniformity ratlo increases with an Increase in comber
noils up to 16%. Also, beyond this level there was tendancy towards a slight change
of uniformity ratio to occur when the comber noils was increased. In additdon, the
results indicate that a better values of uniformity ratdo Is assoclated with the variation
of comber lap weight than those obtained with regarding to setting, which causes
a higher rate of comber waste%.

The relationship between comber waste extracted and unifor mity ratio regar-
ding to the effect of three variables, the comber neils, feed length per nip and eomber
lap weight, as shown in Figures {7.3) a, (7.3) b and {7.3) ¢ may be explained as follows:

i) At a certain levei of comber waste, it can be noticed that:
- For the same feed length/nip, the vardation of comber lap weight causes an
Increase In uniformity ratio between 0.3% to 1.5%.
- While at the same comber lap weight, the variation in feed length/ nip causes
an increase in undformaity rato from 2% to 5%.

1) On the other hand, as the comber waste%® varles it can be ohserved that:

- For the same lap weight and feed length/nip, the Increase In comber ncils from '
12% to 20% cause change in uniformity ratio about 2% to 5.5%.

- For the same lap weight with varylng the feed length/rndp. The Increase of comber
waste up to 16% causes an increase In uniformity ratio, while beyond this level,
from 16% to 20%, the length unlformity ratio decreases.

- For the same feed length/ nip with varying the comber lap weight, the length
uniformity (UR %) increases by 5% to 7.5% as the comber noils increases up to 16%.

G- CONCLUSION :

In the present work, the experimental design techniques, either the application
of Box (11) orfand Box and Bchnken (12) deslgn’s, applled to study the relatonship
between some processing variahles at comber machine on one hand and comber strand
quallty "Comber nails and fiber length characteristcs” on the other, ied to the fallo-
wing conclusions :- :

1) The relative importance of the factors which affect the comber noils, 5L 2.5%,
SL 50% and fength uniformity ratleo (UR%} cf combed sliver was clearly established
and stated in the followlng:

- By far the most important of the comber varlahles are the top comb depth and
setting between detaching roll and nippers which affect significantly on comber
noils at 99% slgnificance level.

- The feed length per nip affects on comber noil extraction in a highly significant
manner similar to comber lap weight at 95% significance level
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2) The experimental techniques whlch wcre applied also hclped to define the most
suitable conditlons for the combing proccss and these can be sum marised as follows:
1) In terms of thc effect of top comb depth and fced length/nip:

- The top comb is rcsponsible for the removal of the bulk of comber noil% at
the comber. A sharp decrease In the percentage of nails when the top comb is
not used arises from its eliminatlon as an element which restrains the tuft and
prevents fiber entralnment during detaching. This effect is prominent with longer
feed length/mdp than those obtained at shorter feed length.

- The varlation in top comb depth causes a substantial increases in comber waste
as well as length uniformity ratlo than those obtained with feed length per nip.

- It seems that a better fiber length unfformity occur within the range of comber
noils from 11% to 14%. Also, the comber nall increasing beyond the above limits
results In a Httle change in uniformlty ratio.

ii)In terms of the effect of comber lap weight and setting between rippers and deta-
ching roll:

- Lighter comber lap weight and closer setting causes a reduction in comber noil %.

- The variaton in comber lap welght and setting result-in an improvement in fiber
length uniformity,

- The values of fiber length parameters obtalned in respect to setting between
detaching roll and nippers associated with a higher rate of comber waste%.

fi}In terms of comber lap weight, feed length/ndp and comber noils:

- The variaton in comber lap weight, wlthin the llmit of experimentation from
50 to 65 g/m, with the same feed length and comber noil¥% leads to an increase
in uniformity ratio between 0.3% to 1.5%. This is lower than those obtained with
varying the comber nolls up to 16%, widch is about 5% to 7.5%.

- The variaton in feed length/ndp, from 4.91 mm to 5.61 mm, at the same comber
lap weight and comber noils causes an Increase in length unfformity of about
2 to 5%, but within the range of comber noll% from 16% to 20% the uniformity
ratio is not dependent on the feed length.
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