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ABSTRACT

Microlibres. used alone or in blends. have ercated considerable mterest mthe
apparel industry because of their potentially greater comlort and - functionadity.
Additionally. their lower diameter. greater surface arca and flexibility ofter many
applications in arcas of nop-wovens such as lilwation. man-made leather. protective
clothing. and wipes. Unlortunately the properties of microfibres that make them
alractive tor the above applications are also the same properties that lead 1o
difficulties in processing.,

The project is an account of systematic experiniental investigation to the
processing ol Modal microfibres on a semi high production Nat card. The eltects of
the carding process parameters such as Dofter Speed. Flat Speed and Detivers Hank
on the output sliver quadity were determined by assessing the Mean fibre length. Shont
Fibre Content and Neps atter carding using the USTER Advaneed Fibre Information
Svatem CAFINY instrament and the Nanual analvsis by the standard Bacr Sorter
nethod with the results Trom both the tests showing a strong correlation. Statisucal
anathosis ol the data Tor aptimization of the carding process ncorporating the Box
Behnhen Model tor three variables using the Systan Seftware indicate that all the main
parameters stadied have an indlnence onoweb gualits . Furthermore i1s shown that
there T ow strons corretuation betveeen the ineidence ol Neps and the inorense in Dotler
Speed during carding and between the incidence o Short Fibre: Content and the
mercuse o Flat Speeds The opimunt process conditions o the stady for
Meremoedal-Cotten Dlends are revealod as Moderate Dofler Speed with Biner Hank
atd Nedivm Fla Specd or Moderate Drolter Speed with Medim Hank o wnd 1higher
Tt speeds similarbs Tor s Siero Nodads the optimam: provess comdiniens wre
Jdortvad as Mmoo Dodier speed witly Sedioom Tlank and Maximum Des speed or

Nusimung Doller speed with Fower Tk wnd Sasimumi Tl Spead.
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1L INTRODUCTION

Generadly, microfibre is defined as a fibre of less than 10 denier. I the earls
193075, man-made fibres ol less than 1O dpl were produced even though they did not
have properties that were  then considered  suitable  Tor conventional — textile
applicattons. More recently. fine man-made tibres were developed with the intent to
stimulate silk. Microtibres less than half size of” the finest silk are now available
commercially and Turthermore microlibres as small as 0001 dpl are produced by
Toray of fapan. US tibre producers have decided not to manulacture microfibres ol
lower denier than 0.5 due to the difficulties involved in converting liner fibres to

Vs,

Over the last 30 vears numerous developments have taken place with the
cotton card. The production rate has risen by lacior of 3 with the main rotating
components  running at stenificantly higher speeds. Friple taker-in rollers and
modified teed systems are in use. additionat carding seements are fitted for more
cllective fibre opening. and improved wire clothing profites have been developed Tor
a better carding action. Advances in electromics have provided much improved
moenitormg . and process control. Maost o these developments have resulted
enhanced cleaning ol cotton Bhres. reduced neppiness of the card web and better

Hver uniformity

While there are many rescarches coneerning the processing of nonmal denier
aonthetie tibres (denter cTr e hat cardse w0 very few deal with microfibre
processabihity, the evenness of their Hbre webs and the reguiremaents ot the desien ot

the machine components.

Micratibre propertios are imfluenced i many mterestmg wavs, s dpl (denier
por Tlamenty s reduced. These changes of propertics may altect both processing
cotrditions amd petentinl end ses. v reduction o dpt has an inmredisne mpact on
Nher Hesibiline which it inercases duficulties o processins as there are nore
chanees ol nep Tormtion and Gbee breakagee o cach stee where filwes are

manipulaied and reguires areduction o omnber of steps e processime. Hhis merense



of flexibility due 1o the reduction of dplis refated o the reduction of bending rividity,
The reduced bending rividite of microtibres might aflow fibres o be casily damaged
in carding process. The bending rigidity ot the fibre considerable decreases as the

fibre denier is reduced.

The number of fibres per unit mass inereases signiticantly as dpf decreases.
From the view of this change. a given card should accommodate the increase in the
number ol [ibres. As the number of 1ibres increase. the openness of feed stock should
be improved as the lack of openness of fibres deteriorates the web quality with an
increase of nep count and libre breakage. [norder to efficientls handle the mercase in
the number of tibres in e card. wires with high point density. high speed of card

clements and proper settings becones a neeessity.

As dpt decreases. the fibre surlaee area per unit mass increases cnormously,
This in wrn causes fibre to libre and 1ibre to wire friction to increase. and it leads o
difficulty in the fibre wansler from one element to another during carding. To avoid or
reduce this problem. il was suggested that certain eritical processing parameters be
comtrolled such as the use of Tow throughput. wires with high point density and or

high speeds of elements.

In order o overcome the above mentioned ditficelties and 1o optinize the
process parameters o achivve maximum productivite and gquadits in carding. there

atises the negessiny o investigate into the cardability of the microlibres.



2. LITERATURE SURVLY

‘Carding . The heart of the spinning

Well Carded... is half-spun’

2.1 Introduction

There are several advantages ol producing fabrics from micro denier fabrics as
o as fabric properties wre concerned. But due to extra fineness ol fibres. critical

problems are faced during processing of these fibres.

When dlbies wre subjected through a series off machines empioved o

spinning. they expericnee various types ol stresses and strains of different magnitude.

As we o o micro level in torms of fineness (denier). the immediate.
dimensional change that can be Toreseen 15 acreduction in diameter. But to what extent
it vets altected can only be realized it the diameter is ploted as a function ol dener
covering the denier range {rom micro o nomal level. The  diameter-denier
velationship. assuming cireular cross-seetion would be

I LIU]]

libre density

ecdimy 90404 ST vior viscoses snodad Clesy
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Due 1o the reduction in diameter. the [ollowing propertivs get allected
siunilicamly.
~ Vlexural Ricidity,
# Tensile Strength,

F  Surtace Priction,

AL these properties are extreines important stwe Heswal vgidie relates o
casiness with which detormation may lead w nep coneration or incidence of lapping,
Tensile Streneth resists dimage thir may acerue to the liber durmg processinge and

Surlace friction influenees cohesion,



The bending stress is inversely proportional to diameter” and bending deformation
is inversely proportional to diameter'. Hence. a small reduction in diameter through
changing denier will cause a fine Iiber to get deformed casily. leading to nep

[urmation.

If the Tenacity value remains same. the absolute Tensile strength will be lower lor
microdenier fiber. According o some authors the actual Tenacitics are sometimes
lower than normal (probably  duc to manufacturing  dilticultics) libres. This

compounds the problems of processing microfibres,

Tvpe ol Fiber Polvester Acrviic

Denier 1.3 0.8 (0.3 0.3 (.8 i3
Length tmim) 38 32 32 32 4 40
Tenacity (g/d) (.32 353 4.92 28 3.8 5.6
[“tongation 9.3 19.5 249 20-30 30 32

Table 1. Physical Properties of Polvester and Acrylic Micro denier Fibres.

Also. it has o be taken into account that increasing fineness ol [bre count ix
associated with
F Greater elTorts inopening the libre stock.
~  Lower earding performance and

~ ligher sensitivitye o undiay orable spinning conditions,

2.2. Mechanical processing of Microtibres

2.2.1. Blow Room and Carding

Being sensitive fihres the microtibres must be treated gently . Short machines.
et pipe connections. short alr ansport and Tess number ol machines yightls
selected <l the way tor the solution ol the problem. Sinee @ sclconvrolled suroke is
necessary Tor s cood opening. the contponents ahich pull ou the Tibres from the fihey

il st be soshaped that the Toad on fiher i mimimant. The ideal components may



be pins and needles on the pin roller and needle on the licker-in. There is no other
eentler component as the needles which because ot their fine points penetrate
practicaly with no resistance in the lap, The round needle obstruets the sharp culting
on the edges and or bending ot the fibre. Properls selected and properly processed
saw tooth are harmless. especially when they only conves or take over fibres in an

opened condition.

With the cleaners as well as with the cards the stresses in the Iibres can be
influeneed through the setting. In openers and cards. (he machine and seltings are be
selected as used in the case of linest cotton. FFor fime cotton. exvlinders of 8635 tecth per
sq inch are seleeted. For processing microfibres. cither the above or evlinders with
1080 teeth per sq inch can be used, The wire breast angle 25 dewrees mav be used for
fibres with fess number of neps. The tlat wire density would be 4530-500 PPSIL As tar
as the card evlinder speed is concerned. it must be assumed that because of the lower
centrilugal force ol the microfibres the speed should be somewhat higher in order to
prevent the tibres fvom lodging at the base of the clothing, In this case the number of
carding points on the card eslinder should not be excessive if fibre damage 15 o be

kept swithin reasonable limits,

Most modern cards ( Drutzschler DR 7660, Ricwer (4 cte) with presentiy
available Tacilities wre capable of handling microdenser dibres. In 19805 1t was
possible o produce 3 - 40 Keshre The suecess can be shared by the fiber and
machiners manufacturers. The new and aecurate machimes. which have the modem

metalhe ctothing have a remarkable share 1 this development.

2.2.2. Drawing

On modern draw rames tmay he necessary to reduce the delivery speed o
H00m min i order to reduee the imcidence ol roller lapping swhich is Tikely o be more
hecause ol Jarger area of contaet with the rolters and its Tow hending rnigidity, Hivher
o roller foad may he used cround 2022300 NMaore treguent seinding or bidTine s

reguired. Wheneser the draw frames are stopped the pressioe onc the op rodlers should



be in released condition. Prolonged holding of fibres under pressure may cause

thermal damage.

2.2.3. Roving Frame

Due to higher cohesive foree between the [ibies the twist Tevel used may be a
little less as compared to normal denier tibre e M 0.85-0.9). Higher top roller
pressure should be used. The top rollers need 1w be bufted more lrequentiy. Ilyer with
highiv polished surface may lead o more 1y generation and henee a matt finish

would be preferable. Flv top with more number of ribs may be more advantageous.

2.2.4. Ring IFrame

The sliver and drafted 1iber web being very thin care has to be taken so that
proper dralting takes place. Use ol softer cols may be usetul as the fibres wall be
oripped better. thereby reducing slippages. Tigher break draft or wider setting (back
sonel may be required due to lngher cohesiveness of roving. For [bres finer than 0.3
denier very high spindle speed may be avoided as it is likely 1o damage the fiber. The
traveler speed should be restricted to 30 35 mesee along with smaller ring and
shorter T For 0.8 denier polvester fiber the experience shows that the yvarns can be
spun al same spindle speed as conventional fibres, Inaddivon. s possible to reduce
twist o) the varn due o presence o higher number of fibres per cross-section,

. L
AN Basog

2.3. Related Research on Microfibre Carding

Distribution of widtlet sizes by laker inaction seems 1o be a normal miass
distribution and author report duat further rescarch is required on the elfect of taker in
parameters. fibre propertics and blowroom process on the taltlet size distrihnuon, A
better understanding is required ol the fibre nuss tansder lron akerin to ey hinder and
an e Brene s ol combing scoments, wwd wiple Tieker inssystems, Fach Hal seguires

s ol s Toad at the hoommnge of the exele ol contact ssith oy lnder and separition

ol eiven et occurs over tew tlats, Thgh teeth densities and Tow oy linder specds



per gram however. it still remained in good working condition. Some of the results are

. . . |
shown 1 the Table 2. (Arindam Basu)

Card Shiver Values

Fiber Fineness  Length  Prodn. Nep Avg Weight  Uster
I.en CV% U
Before
— After
Aeryl 0.6 A2 35 4 8270 12 3.9
Baver
Dralon
Polvester (L8 40 30 [ 34-32 1.5 A
Diolend4
Polvester 0.7 38 33 3 32.29 1.3 3.8
NN
Polvester .8 38 401 1 33-31 1.3 3.4
SKyron
Polbvester (183 38 33 3 20-28 [ 27

Sontelibre

Table 2. Carding Results for Microfibre processing,



3J.OBJECTIVES

»  Optimization ol process parameters in carding machine for the processing of

Micromaodal and blends in order to achicve better productivity and quality,

» Oplimization of process parameters involves a study on the Dolfer Speed. Flat

Speed and Delivery Hank.

»  Optimization of quality is done through a study on parameters like Mean Fibre

i.ength. Short Fibre Content and Neps in the carded sliver.
» Oplimization of the results of the study will be done using Box-Bebnken

design of statistical analvsis (for three variables} using the Systat solbware as

an interface lor interpretation.

4. PROJECT METHODOLOGY

4.1. Work Plan

Procuring the required raw materials for conducting the study

<

Desiyn ot Lxpertiments

A

Conducting oxporiments on cirding ny e by varying process parameters.

~<—

lesting

<

Analyvsis ol the result< and interpretation for optinmization

<

Comclusion



4.2, Experimental Design
4.2.1. Combinations of the process parameters

According 1o the experimental  design w0 be used  for the  statistical
interpretation. ic.. the Box Behnken Model ol Statistical Interpretation, 15
combination runs were selected. The run codes and combination runs are tabulated

below in Table 3 and Table 4 respectiveds,

Run Code Dofter Speed Delivery Hank Flat Speed
X1 X2 X3
1 9 (153 6
0 7.5 0.17 4
-1 1§ 0.185 2

Table 3, Run Code for Various Factors.,

Run No Doffer Speed (rpm) Delivery Hank (Ne) Flat Speed (infmin)
1 0i-1) 0.183¢-1 41
2 9i--1) 0.183(-1) )
3 6(-1) 0155 1) 403
4 90 1) 0. 15301 4
] Oi-1) (0. 17000) (-1}
O K1) O 170y 213
7 6(-1) 0.170003 61}

Q1) O 70y G- 1}
9 TR 0185 (-11 !
H 75 0153301 2i-1)
3 75000 1851 0y
12 7.5 1A 1 TR
13 7.5 O E70 e
14 7.8 01700 Hin
15 7.5 L1700 0

Table . Combination Runs tor the three parameters



4.3. Process Flow and Machinery Settings

4.3.1. Blow Room

Hopper Ieeder

Kishner Beater |
794 vpm

l

Kishner Beater 2
730 1pin

.

Scutcher

A attachment - 3 arms
# Arms back pin density - Aomm | hickness|
»~  Setting between paits - [Feed Roller 1o Beater $min
»  Lap weight - PRS0 Ky {Both 1000, & Blend)]
» Lap leneth - $5 vards
# Hank - 0.0017 Ne
= Calendar roller pressure - 1300 Ky
4.3.2. Carding
~ Lackerin specd - S rpm
~ Uvhinder speed - 260
# Tlae Speed - 4inches minude
~ AVIre paints
IO limder - SN
2o Doller : e NI

A Liekerin - Yinch



4. Fha - 120 181

# lypeofwire - Metallie wire

s Selings:

I Cylinder to Dofler -

]

Lickerin to Cylinder -

3. Cylinder to IFat -

» Waste s

1o 100%¢ NModal -

20 7030 Micromodal-Collon -

4.4, Testing Details

J0007
740007
1210007 .

1210007

1240007

100007 L 1010007

Actyal 3.22%,

Std 2.53%
Actual 2.32%

Std 3.2%

For evaluating Mean Length, Short Fibre Content and Neps. both manual and

Automatic machine mode (AFIS) were used.

Test Instrument Sample Size
Machine  Uister AFIS 0,430 ¢ per
Mode Multidiata Sample
Module
Buaer Sorter 2samples of 13my
l,'iik,‘h
Manual
Testing
Mode NManual

Ssamples of be

Countimye cach

Table 50 Petails of dachine nvode amed STanual made Testing.

Readings

+ Readings

per sample

Average ol
values from 2
Patterns per
saniple
Averaee of
wihues fram >

countings.

farameters
Measured
Mean Length
o,

Short Iibre
Content “o.
Neps Per
Giran.

NMean Leneth
num. Showt
Fibre Content
il] Y.

Neps Per

TR



4.4.1 Machine Testing:

Advaneed Fibre Information System {AF1S) is based on acromechanmical tibre
processing followed by clectro optical sensing and  then by high speed micro
processor based computing and data reporting. The (ibres penetrate a collimated beam
of light and scatter and block the light in proportion to their optical diameter and
direct relation to their time of flight through the sampling volume. Trom the wave
forms which are micro scconds in deviation. the pertinent data are acquired. analyzed

and stored in the host computer for interpretation.

The AFIS Nep classilication module counts and sizes seed coat neps. The
Classitication module is able 1o identity the distinet clectrical wave forms produced
by fibres. libre clumps and seed coat neps ele. 1 uses digital signal processor o

classitv alb incoming wave forms and caleulate nep size,

;:)‘-'-":. | ;’.
¢ i\
'y
f 13
AR
{ f 'f’lz/:
Pl
1. ; i
: ! I
i ;
: S
. |
|
: N
— B . ; T N L
I3 ! l A
f’ ." et 5
7 v \ i
4 I ;-
i | { ’
] 1 |I;;! -.::[_' tui

Fig S0 AFIS Waveforms tor Neps and Nornwl Fibre

2%



4.4.2. Manual Testing;

I'or estimation ol the Mean Tength and Short Fibre Content. Baer Sorter
instrument was used. In this method ol length measurement. we can evaluate difterem
leneth groups of Bibres both visually and numerically. The basic procedure used in
comb sorters is implemented to construct the comb sorter diagrams from which the

libre length parameters are estimated, (SITTRA )

s - i S
. = }- . "L 1 '-_{,
r r e [N I SN i
. l T I
B REEEA
. »
1 (_}i -
. 1 T | S
E:U l - ¢ - ‘-1‘._
-4
iy |
[
Ix | i’ 111 i

Fig 6 ; Staple Length Diagram from Bacer Sorter Testing

4.5, Statistical luterpretation

Box Behnken Maodel OF Statistical Inlerence is the Statistical Modet Ussed for
hiterpretation. Box-Behnken designs are used to estimate quadratge Contour Plots,
These desivna combine a twosfoved faetovial desizn with an incomplete block desion,
They are efficient. requiring tewer runs than the corresponding Tull factornal design.
Fhey can be somewhat casicr to implement than the corresponding central composite
desien. They require factors o be measured at only three points dnstead ot fve) and
they avoid using poines that are extreme on all factors. Box-Behnken designs can be
created tor soveral different experiments involving between 3 and 16 Lietors, Many
Box-Bebrken desinns are rotatable cor neawrly rotatable pmeaning that the varianee of
clmates 1= canstant (or neardy constants for al points cquidisint trom the center af

the desiyn,
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. RESULTS AND DISCUSSIONS

.1, Fibre Test Results
[AS per BISFEA 1998 & ASTMID-3822-01 Testing Standards|

Fibre Tested: NMicromodal Fibre Samples

1.1. Fibre Denier and Single Fibre Tenacity
Mean Denier 0.96
CV% of Denier 10.8

.1.2. Single Fibre Strength And Elongation
Tenacity ¢/ Denier 571
CV% ol Tenacity 8.3
Flongation % 147

CV2% of Flongation 9.0



5.2, Resalts and inferences for Micromodal-Cotton Blend

The detailed mean test results of the previoushy reterred characteristies for the

AMMicromuodal-Cotton blend samples are ¢iven in the Table 6.

Mean
Length

mm
Manual

RISN¢

29

29.24

26.02

2482

2057

2986

0.3

30

2998

30.73

3147

3.6

3ML96

29006

Run X1 X2 X3 Neps Neps Mean
No L.ength
mim
AFIS  Manual  AFIS
i -1 -1 0 1467 13.3 254
2 1 -1 ) 17.5 15.3 25.63
3 -1 | 0 18.75 21.75 25.68
4 ! | 0 19 26.8 2333
s ] ( -1 2373 20 23,38
0 -1 () -1 17.75 19.5 26.65
7 | (} | 18.67 0.8 26,313
8 {} -1 -1 7.5 16.2 26,497
9 t | -1 [8.3 8.2 26015
10 ) -1 l 13.3 8.3 23.65
I1 0 l | 15333 2075 2048
12 -1 0 1 1.5 13.25 278
13 8 0 0 2033 [9.25 2355
14 { 0 {) 6.5 17.5 2645
15 0 0 0 1733 19 AR
Run Code Doffer Speed Delivery Hank
N1 X2
! Y thias
0 75 (70
-1 £y 183

Short
Fibre
Content

o

AFIS
1245
12.65
[1.93
[1.67

123

Rl
[
-

-

~
d

)
7.78
10.65
11,53
10.08
9.3
11,35
10,48
1.5

Short
Fibre
Content
Y
Manual

(322

7
3
7
3
1
O

G
0O

Flat Speed

AR
&

1

I

Table 6. Mean Results of Sliver Quality for Micromodal-Cotton Blend

Fsing Sofbware such as Syt subseguent tofeeding of all the main vesnlis of
THicen runs for cach Response dQuality Parametersy the cocflicients ol response

surbace pelyviomial second acder equaten civen belone s derived adone awath e

E{'\_'El_['l_‘i"-.“].\‘” Coellieret (R g

70 Byl BN BNt BaNs B N N BN NGB NN B N BN BNy

283
506
27
994
629
317

4.03

A2
201
A8
071
268



I'he polsnomial equation and regression constant found are tabulated in Table

7 given below.

Parameter

Neps  Per

Gram

Neps  Per

Gram

Mean

l.ength

Mean
l.ength
Short
I'ibre
Content
Short
Iihie

Content

Testing

AIS

Manual

AFIS

Manual

ALIS

Manual

Quadratic Fquation

17,812 2 344X+ 112X
2563510786 X, 71 424X7-0.770X,X,
18.312+1.912X, 1 3.394 X
0.006X = 1.230N,"-

F3SRN 0.713X0X - 1L 763NN - 0.830X: X
05.833-0.295X, 1 0.124X:-0.038X,,
0.263X73 0.740X57

0145X0X, 10.073X, X404 T7X0X
30.047-0.701X,-0.206 X0, 1 88N 0.3 18N, -
0H08X5" 0.179X 7+0.330X, X 0. 188N X0
TL175 0051 1X,4 0491 Xo-001532X
(0.332N-"-0.8208 7-0.530X X - 1035 NN

6.43940,326X, - 0.359N, (183N -
07705710 167N N -0, 1RON  X-0F30XAN -

Correlation
Coefficient
- R?

0.789

(0.872

0.630

{).761

0).7-16

(1867

Table 7 Quadratic cquations and Regression Constants for Micromaodal-Cotton Blend.

e Response Surfaces are driwn Tor the above mentioned quadratic

cquations. The Contour Plots for the Response Surlaces are plotied. The Optimum

process conditions owards minimizing Neps Per Gram and Short Fibre Content and

maximizing Mean Length are derived by overlapping the Contour Plots o find the

common arca of the Contowr meeting the above regquirements. Phe common area

sives the most Optinm process condion required.



5.2.1. Effect of Process Parameters on Neps per gram.

10 ) . reraaath 10 TiE
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Fig 70 Contour Plots for Neps Per Gram at Different Bofter Speeds

Fig Py ANIS Yesting Fiw F(hy: Mawal Testing
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5.2.1.1. Effect of Delivery Hank and Flat Speed on Neps Per Gram at

different Doffer Speeds:

Coraphs are depicted in fig 7 (ab) for the AFIS and Manual Testing. On
Studrving the araphs. the tollowing can be observed

Irrespective of the Doffer Speed. minimum Neps Per Gram is observed lor
higher Flat Speed and liner Delivery Hank.

There is an overath increase in Neps Per Gram noticed. with increase in Doller
Speed. for any given Tlat Speed or Delivery Tank (38% Increase tor AFIS
results and 33%6 increase tor Manual results)

For the results Trom (he Manual Testing, the variations observed for higher
Dolfer Speed is slightly inore significant and for other cases. there is no
signitican change,

I'ese inferences are in line with the general expectations for this parameter as
the ingreased Doffer Speeds inereases the throughput giving less time for

carding action to perlorm the disentanglement ol neps.

5.2.1.2. Effect of Doffer Spced and Flat Speed on Neps Per Gram at

different Delivery Hanks:

~

”~

Graphs are presented in fig 8tab) for the AFLS and Manual Testing.
lrrespective of the Delivery Sliver Wetght, minimuam value of T1-13 Neps Per
Gy is noticed tor lowest Doffer Speed and highest Flat Speed and maximum
value ot 21-270 Neps Per Grinn s obsersed for higher Doller Speed and lower
[lat Speeid,

The merease inoweieht of Delivery Shiver results in merease m Nep level w
the tune of 2=F Neps Por Gram Tor AEIS and 4-7 Neps Per Graam for manual
due to inereased gquantity of material o be handled inounit time by the carding
clemuents.

For the increase in Delivery Shiver Weights manoal testimg shows 0 hivher

values tor all the ranges of Dolter and IFlat Spoeeds,



3.2.1.3. Effect of Doffer Speed and Delivery Hank on Neps Per Gram
at different Flat Speeds:
» Graphs are given in fig 9 (a.b) tor the AVIS and Manual Testing
~ As ohserved in earlier cases. irrespective of the Flat Speed. fower values of
Neps are obtained for lower Sliver Weights and lower Dotfter Speed (12-19
Neps Per Gram tor both AFIS and Manual Results).
» Tor the highest Dolter Speed and Sliver weight. in comparison with the
lovest. there is an increase of around 7 Neps Per Gram in ATTS testing and 4-
13 Neps Per Gram for Manual Testing for the range of Flat Speeds used in the

study.

5.2.1.4. Optimuim Farameters (Neps Per Gram — Biend)
The tollowing are the optimum process parameter combinations devived from
the procedure explained carlier.
Dofter Speed Delivery Hank Ilat Speed Neps Per Neps Per
Gram Gram

(AFIS) (Manual)

1. Medium Fine NMedium [4.75 15.25
(7.5 tpn) {0,185 Ny {-Fin min)

2o Adedium Nedimm alaximum 15.20 [ 3.30)
(7.5 rpm) (LTT0 N (G In miny

Table 8 Optimum process conditions devived for Neps Per Gram (Blend).



5.2.2. Effect of Process Parameters on VMean
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Fig 100 Contour Plets for Mean Length at Different Doffer Speeds
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5.2.2.1. Effect of Delivery Hank and Flat Speed on Mean Length at

different Doffer Speeds:

» Graphs are provided in fig 10 (a.b) for the AFIS and Manual Testing

~ The NMean Lenath of the delivery sliver obtained is higher for lower Doffer
Speed (values ol the range 206-27mm tor AFIS results and 29.5-30.9mm for
Manual results) than for higher Doffer Speed (25.1-26.4mm for AFIS results
and 28.8-29.2mm for Manual resultsy Tor the full range ol Flat Speeds and
Shiver YWeivhis.

~ The inftuence of Flat Speed on Mean Length s insignibeant compared to the

delivery Sliver Weight.

5.2.2.2. Effect of Doffer Speed and Flat Speed on Mean Length at
ditferent Delivery Hanks:
# Graphs are produced in fig 1T ¢aby for the AFIS and NManual Testing |
F The results from the AFIS testing show a significant Mean Length reduction
for heavier Shver Weight than for lower when the Dofler Speed ts high,
~ Mean Length reduction is more pronounced (about 1.3 mm. about 3% in the
case ol increase i Dofter Speed compared o reduction in Flar Speed tabouwt
0 3min, around 2ol
~ lrom the manual readings 11 s obsers cd that, for heas ier weteht ol shiver. in
comparison to fesser weight, there s an overall reduction im Mean Length for

the tull range of Fatand Dotler Speeds,

5.2.2.3. Effeet of Dotfer Speed and Delivery hank on Mean Length
for different I'lat Speeds:
# Graphs are compiled i fre 2 rachy Tor the AFIS and Nanual Testine
»There is an overdd reduction i Mean 1 eneth {about T mme wround ey for o
foweer Lt Specd compared 1o high speeds for the Tull range of Dotler Speeds
e Shver Weiehis
~ However, the reduction iy Mean Length is more provouneed Tor o lower Tl

Spead tabont v araund 2



» The readings of AFIS. at high Flat Speed. show a signilicant reduction in

Mean Length for a sery Tow Sliver Weight and Doffer Speed about T.ymm.

around 7,

~ Very low Flat Speed inereases the fibie loading on it resulting in the imcrease

in foree of carding and consequent reduction in Mean Length.

5.2.2.4. Optimum Parameters (Mean Length — Blend)

The following are the optimum process parameter combinations derived from

the procedure explained carlier,

Doffer Speed

I MMaxbnum
(9 rpm)

2. NMaximum
(9 rpm)

3. aedium
(7.5 rpm)

4. Sedium

(7.5 Pm)

Table 9: Optimum process conditions devived for Mean Leageh (Blend).

Delivery Hank

Coarse
(L1533 Ne)
Fine
(0185 Ny
IFine
(0,83 Ny
NMedium

(LT70Ne

Flat Speed

Maximum

(O Iminy
Minimum
(2 in-min)
Sedium

{4 in-mind
Maxmmum

(O irming

Mean
l.ength

(AF1S)

0.2 mm

307 mm

3 nun

A0 mm

Mean

[.ength

(Manuail

27 mm

27 mm

27 mm

27 mm

!



5.2.3. Effect of ’rocess Parameters on Short Fibre Content.
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5.2.3.1. Effect of Delivery Hank and Flat Speed on Short Fibre

Content at different Dofter Speeds:

”~

.

Graphs are compifed as fig 13 Gub) for the AFIS and Manual Testing .
[rvespective of Delivery Tlanks and Flat Speeds. there is an overall increase in
Short Fibre Content for hicher Dotier Speeds (Short Tibre Content of around
%) compared to the Jower speeds as far as the manual results are concerned.
As per the AFIS test results. Short Fibre Conteni is more for higher I'lat Speed
with the combinagon ot lower Sliver Weight and lower lat Speed in
combination with higher Sliver Weight,

rom these results, the tollowing inference could be drawn that. the increase in
ilat Speed when the Shver Wedgh is kepe higher hetp o redace the foad on
the Nat and consequent reduction in carding process helping in reducing Short

Fibre Content,

5.2.3.2. Lffect of Doffer Speed and Flat Speed on Short Fibre Content

for Different Delivery Hanks:

”~

”~

.

5.2.3.

Graphs are represented as g 14 (aby for the AFIS and Manual Testing.

For all given Sliver Weights, inerease in Dofter Speed increases the Short
Iibre Content.

However. for the very Tow Syver Weights inerease in Dotler Speeds and THat
Speeds inereases the Short Fibre Content taround 13" and this trend gets
reversed when the STiver Weicht s higher,

The inlerenees are inline with the previeus cise.

3. Effect of Doffer Speed and DPeliver Hank on Short Fibre

Content for different Flat Speeds:

»

#

Ciaphs wre represented as g T3 Gub for the ATES and Manual Testing.

A Jow Flat Speed. inerease i Shver Weiteht and Doller Spead produces
matked Toerease o Short Bibre Content crownd 71370 oy AFES Testing wnd -
T Manual Festingy whereas at wediome and bigher Bl Specds mlloence ol

Dolter Specd and Shiver weivht on Short | ibre Comtent 1 marginal,



5.2.3.4. Optimum parameters (Short Fibre Content - Blend)
The Tollowing are the optimum process parameter combinations derived from

the procedure explained carlier,

Doffer Speed Delivery Hank Flat Speed  Short Short
Fibre Fibre
Content Content
(AF]S) (Manual)
] Medium Fine NMinfmum 08 S
(7.5 rpm) (0.183 Ney (2 infmin}
2 Medium Coarse Maximum 109% 6%
(7.3 rpim) (01535 Ney {6 Inaning
3 Maximum Coarse Maximum [ )% 6%
(Y rpm) (155 Ney (6 InYmin}

Table 1 Optimum process conditions derived for Short Fibre Content (Blend).



5.3. Results and inferences for 100% Micro Modal

The detaifed mean wst results ol the previously referred characteristics lor the

1082 Micro Modal blend samples are given in the Table 11, below

Run X1 X2 X3 Neps

No
AFIS
1 -1 -1 0 7
2 I -1 () 3
3 -1 i { 8.8
4 1 i 0 9.3
N | {) -1 H).5
0 -1 { -1 9.3
| {0 I 7.8
8 0 -1 -1 108
9 {) ] -1 FO.3
18 () -1 I 6.8
11 0 ! I 7.2
12 -1 {} | 0.3
13 (} i y! 3
4 0 { () 8.3
|5 () { () hi

Run Code

AN
1 Y
0 VA
-1 y

Neps

Manual
a4
4.4

5.2

Doffer Speed

Mcan
[.ength

mm

AFIS
294
27.83
28.95
27.6
20.63
28.53
291
28.2%
27.35
28.33
28.05
2975
28
RE

D813

Delivery Tank

Mean
Length

min
Manual
3102
29.71
30.78
28.76
279
26.93
AMLT72
20,414
28.58
RN
29.67
31.67
29.47
2972
207

X2

(0.133

Short Short
Fibre Fibre
Content  Content

1]
13

Yo

AFIS Manual

7.52
4.77
7.5
7.3
7.6

4.47
5,49
4.67

6.2
7.04
1.79
4.72
3.09
6,44
4.92

1
LA
e 1D

4.0
309
.60

3.0

Flat Speed

X3
6
+

“y

Table 11, Mean vesulis of Sliver Quality For TO0% Micro Modal

Using Software such as Systad subsequent to feedmg of all the main resulbts ol

e runs Tor cach Response (Quality: Pavametersy the coctlicients ot response

strlice polvoomial sevond order cguatton eiven hebowe s dernved alone withy the

Revression Cocfficient (R7)

20 B BN B X PR NG P BN NGB GN G NG By N NG B N B N BN



The polynomial cquation and reeression constant Jound are tabulated in Table

12 civen below,

Parameter  Testing  Quadratic Fguation Correlation

Cocfficient

R’
Neps Per AFIS 8.24610.387X, - 0.488X-1.623X 0.914
Gram 0.181X, 70,344 X 70,1 73 X:X s
Neps Per Manual  S1534H0.515X 0 0.858XK-1.330X5- (1,946
Gram 0.369%X,7 102068 - 0.123XX, 1032550 X5
Mean AFIS 28.073-0.681X- 0.886
L.ength 0.257X+0. 38 TN 0.398X, T 0.3 18NN 0103 X:Xx
Mcean Manual  29.533-0.793N 0L 383X- D837 XN 00322 13— (1,043
[ength O 70X, X--0270N N
Short AVIS 7527 LN 04 AN 093 1N -0.709N - 0.891
Fibre 043NN -0 P8 TN N
Content
Short Manual 36330680 - 0.098N-0.603N - (1268

Fibre 077N, -0 128NN -0.390N, X
Cotent

Table 12, Quadratic cquations and Regression Constants tor 1T00% Micro Modal

Fhe Response Surlaces are drinn for the above mentioned guadratic eguations,
Hhe Comtowr Plots for the Response Surfaces are plotned. The Optimum process
conditions wwvards miimizing Neps Por Grame and Short Fibre Content anid
maximizing Mean Teneth are devived by overlapping the Contour Plots o Hod the
cotnmuon e ol e Contour mecting the above requirements The coninon e

cves e mosl Opamun process condithont required.



5.3.1. Effect of Process Parameters on Neps Per Gram.
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5.3.1.1. Effect of Delivery Hank and Flat Speed on Neps Per

Gram for different Doftfer Specds:

Graphs are compiled n g 1o{a.by for the AFIS and Manual Testing

The Neps Per Gram is observed to be higher at lower Flat Speeds and higher
Stiver Weight for all the diflerent Dofler Speeds.

There 1s an overall increase in Neps Per Gram with every level of increase in
the Dolter Speed irrespective of Flat Speed and Shiver Weight.

When the Flat Speed is reduced from higher speeds 1o tower speeds. there is
an increase of 3 Neps Per Gram and also. with the increase of the Shyver
Weights, there s an inerease of 2 Neps Per Gram.

The results from the ALIS and Manual testing show similar trends and the
Manual Testing results seem to be more pronounced.

These results show that carding effectiseness of the nep removal efficicncey iy
[esser (around 16%) Tfor higher output rate through increased Doffer Speed and

lower IFlat Speed and waste.

5.3.1.2. Effect of Dofter Speed and Flat Speed on Neps Per

Gram for different Delivery Hanks:

Fa

ke

Graphs are represented in g 17 by for the AFTS and MManual Testing
frrespective of the Delivers Shver Weight, minimum Neps Per Gram s
noticed for the Towest Dotter Speeds and highest Tlat Speeds faround 6-8
Neps Por Gram Jor AFES results, around 254 Neps Per Gram for Manuoal
Resultsy and o masiimum Neps Per Gram s observed tor hichest Dofler
Speeds and lowest Flat Speed taromnd 1011 Neps per Gran for AFIS vesults.
aronnd 6.5-7.2 Neps per Gram tor Manual results)

Aninerease ol Delivery Stiver Weight causes aninerease e Neps Per Gram ol
from 8 o 9.5 e AFIS readings and Trom 5.3 o 5.5 10 NManual readings.

Phese results show that hemvier Shiver Weiehts have reduced  carding
clicetiveness as the exvlmder has o handle more fiber for an unit time resalune

i the inerease in Neps Por Gram,



5.3.1.3. Effect of Doffer Speed and Delivery Hank on Neps

Per Gram for different Flat Speeds:

’~

”~

Graphs are produced in fig 18 (a.by tor the AFIS and Manual Testing
rrespeetive ol Flat Speeds. Tovwer values ot neps s obtained at lower Dolter
Speeds and STiver Weights,

FFor the highest Dotter Speeds and Shver Weights compared to that of the
lowest. and increase of 1.5-3.5 Neps Per Gram for AFIS results and an
increase of 1-2.5 Neps Per Gram Tor Manual vesults is observed,

[igher Flat Speed reduces the Neps trom 10-11 to 6-8 Neps Per Gram for
AFIS results and from 6.3-7 to 3.3-6 tor Manual readings.

ITigh Tlat Speed provide more cleaner flat for better carding  thereby

increasing the nep removal effictency.

5.3.1.4.0ptimum Parameters (Neps Per Gram—100% Micro)

The tollowing are the optimum process paranieler combinations derived [rom

the procedure explained carfier.

Doffer Speed  Delivery Hank  IFlat Speed Neps Per Neps Per
Gram Crram
(AFIS) {(Manual)

Mininmum Aedium Medium 7.4 4

{6 rpm) (0170 Ne) {4 i min

Ninipum Mediwnm Naxinum 075 AN

{6 rpmy {170 Ny {6 nming

SLxamuam Fner NMaximum R

{9 rpmy {185 Ney {0 mind

Table 13 Optimum process conditions derived for Neps per Gram {100% Micro).



3.3.2. Effect of Process Parameters on Mean Length,
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5.3.2.1. Effect of Delivery Hank and Flat Speeds on Mean

Length for ditffcrent Doffer Speeds:

~

~

Ciraphs are provided in fig 19 ¢a.b) for the AFIS and Manual Testing
lrrespective of the Dofter Speeds. there is a deerease ol Mean Length with the
decrease in Flat Speeds and a similar effect is noted lor an inercase in the
Shiver Weights.

The AFIS vesults show a reduction of Mean Length in the order of 1-2.5 mm
while the Manual readings show a reduction in the order of 2-2.5 mm for any
eiven IHat Speed and Deliser Hank oy changes from lower Dotter Speed to
higher Dotler Speed.

Higher Doller Speed increases the carding Toad thereby mercasing the fibre

ruptine and reducing the Mean Length by 4-12%,.

5.3.2.2. Effect of Doffer Speed and Flat Speed on Mean

L.ength for different Delivery Hanks:

~

Graphs are provided in Tig 20 (Gab) tor the AFIS and Manual Testing
lrespective ol the Shiver weights, there s a decrease in Mean Fength for
decrease i Flat Speed and increase in Doller Speed.

The Mean Length reduction tarownd 2.5 mm AFIS Testing and 2.5-3.3 mm in
Manual Testing) 1s noted over the ranges of Dolter Speeds and Flar Speeds,
Fhe trend seems o be simifar for both the AFTS and Nanuoal testing results.
[he higher Sliver Wereht increase the carding load, thereby causing more

reduction in Mean fength faround 2- 14063

5.3.2.3. Effect of Doffer Speed and Delivery Hank on Mean

Length for different Flat Speeds:

»

e

Crraphs are provided in lig 21 Gl by for the ATES and Maroal 'Testing
An overall reduction of the Mean Fength Goownd (1921 3mm) tor a lower IFlat
Specd incompartson wath higher T Speeds s obsersed frrespective olhihe

DolTer Speeds ad Pretivery Flanks.



~ The veduction in Mean Length is more pronounced lor the lower Hat Speed

setting due to more loading of the wire points.

»The AFES and Manual Testing show a similar inference on the trends.

5.3.2.4. Optimum Parameters (Mcan Length — 100% Micro)

The following are the optimum process parameter combinations derived from

the procedure explained carlier,

Doffer Speed

Ninimum

{6 rpm}

Minimum

{6 rpm)

Maximum

(9 rpm)

Delivery Hank

NMedium

{0,170 Ney)

Medium
(O 170 Ne)
I'ine

(0,185 Na)

Flat Speed

Mediom

{4 Insmiin
Maximum
(6 mmin}

Naximum

(6 insmin)

Mean
Length

(AF1S)

2025 mm

293 mm

289 mm

Meun
l.ength

{(Manual)
HL73 mm

3.3 mm

0.7 mm

Table 14: Optimum process conditions derived for ¥ean Length (F0H0% Micro}.

AN



5.3.3. Effect of Process Parameters on Short Fibre Content.
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5.3.3.1. Effect of Dclivery Hank and Flat Speed on Short
Fibre Content for different Doffer Speeds:
» CGraphs are i fig 22 (a.b) tor the ATTS and Manual Testing
~ lrrespective ot the Delivery [anks and Flat Speeds. there is an increase in the
Short Fibre Content for higher Doller Speeds than lower Doffer Speeds for
both manual and AFTS readings.
~ Aninercase from Short Fibre Content of 3 % 0 9% is noticed i the AFIS
testing and from Short Fib Content 4.25% 1o 7% is notice 1 the Manual
testing,
» Higher Throughput rate through increased Dofler Speed inereases the carding
stress and thereby increasing libre ruptwre resulting in more Short Fibre

Conlent.

5.3.3.2. Effect of Doffer Speed and Flat Speed on Short Fibre

Content for different Delivery Hanks:
7 Graphs are given in fig 23 (aby for the AFIS and Manual 1esting
~ the change inthe Shont Fibre Content for the changes in the Sliver Weights s
Jess {0.23%) Tor a given Dolter Speed and Flat Speed.
~ o all Shiver Weiehts, inerease in Doller Speed imereases Short Fibre
Content (Short Fibre Content inerease of 2.5-3% in both cases of testing ).
£ drrespective of Sliver Weights, deerease i Flat Speed increases the Short

[Fibre Content Tor all @ given Dotter Speed.

3.3.3.3. Effect of Doffer Speed and Deliver Hank on Short
I'ibre Content for different Flat Speeds:
» Graphs are depieted i fig 244 tacb) for the AFIS and Manual Testing
+lrrespective of the Flat Speeds. there s an imerease i Short Fibre Content for
higher Doller Spead tan fnerease of around 2 o 4000 and o decrease in Short
Fibre Contene Tor Toseer STiver Werehts ¢acdecrense oFaround 2w 41 a)
s The ahove mentioned trend 1 more pronounced tor the Tower lat Speed

.‘w‘ll]l]j_'.\.



5.3.3.4. Optimum Parameters (Short Fibre Content — 100%

Micro)

The following are the optimum process parameter combinations derived from

the procedure explained earlier.

Doffer Speed

[. MNHnimum

(6 rpm)

2. MNinimum

{6 rpm)

3. Maximum

(9 rpm)

Delivery Hank

Medium
({170 iNe)
Medium
(0. 170 Ney
Finer

{((.183 Ne)

Flat Speed

Medium

{4 in/min}
Maxnmuam
(O indmin)
Naximum

{6 Im/ming

Short
Fibre
Content

(AFIS)

75%

fh

Lyl
7
e

6G.53%

Short Fibre
Content

{vLanual)

4.3%

+.253%

4.5%,

Table 15 Optimum process conditions devived for Short Fibre Content (100% Micro).



5. CONCLUSION

From the foregone resulis and discussions. the following conclusions are
dravvn with regards to optimum process conditions for the Micromodal-Cotton blend

and 100% Micro Modal processing.

Micromodal-Cotton Blend Processing:

Towards achieving optimum values of Neps Per Gram. Mean Length and
Short Fibre Content as 13,3 .27 mm and 9% respectively tor AFIS Testing and 4.3 .
30.2 mm and 6% respectively Tor Manual Testing. the [ollowing process parameter

combinations could be chosen for Micromadal-Cotton blend processing.

Doffer Speed Delivery Hank IFlat Speed
1. Medium {7.51pm) Fine (0.183 Ne) Medium (4 in/min)
2. Nedium (7.5 rpm) Nedivm (0,170 Noy Maximum (6 insming

Table 16: Optimum Scitings tor dMicromodal-Cotton Blend processing,

100% Micro Modal Processing:

Towards achieving optimum values of Neps Per Gram. Mean Length and
Short Fibre Content as 6.5 . 29 mm and 7% respectively Tor AFIS Testing and 3.5, 31
mm and -1.7% respectively tor MManual Testing. the following process parameter

combinations could be chosen tor 100 NMicro NModal processing,

Doffer Speed Delivery Hanlk Flat Speed
l. NMinimum (6 vpmi NMediwm (170 Ne) Maximum (6 iy
2. Naximum (9 rpim) Fine (LT85 Ny Aaximum (6 m nia

Table 17: Optimum Scttings for 1% Micro Modal processing,

DilTerent Optimum process conditions are deeived for TO0%w Micro Modad and
Micramadal-Cotton blend processing hecause ol the chanees o the Fibre propaerties
stich as Fineness. Flesural Ricidine and Prictional charactersstics of the natoral and

cocnerated Bbres which feece inthuence on the carding Tactors,
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