Fibre Dynamicsin the Revolving-Flats Card

Over the last 30 years numerous developments h#ea place with the cotton card. The productioa hets risen by a factor of 5 with the main rotating
components running at significantly higher spe@&diple taker-in rollers and modified feed systenmsia use, additional carding segments are fittedrfore
effective fibre opening, and improved wire clothjppfiles have been developed for a better cardatign. Advances in electronics have provided much
improved monitoring and process control. Most efséa developments have resulted in enhanced cleahéugton fibres, reduced neppiness of the caro we
and better sliver uniformity.

Despite the various improvements made to the @@ammonly held view is that more is known abostdleaning processes on the card than about the
carding process itself . For instance, modern ceadsachieve an overall cleaning efficiency of 9%%s well established that the cleaning efficigof
modern taker-in systems is a round 30%, that thiedsr/flats action with the latest wire clothingpfiles gives 90% cleaning efficiency and that efffee
cleaning is associated with lower neps in the vaed .

However, even though the nep content and therdliseer CV% are used as quality measures of cabniprmance they are not satisfactory indicators f
anticipating yarn quality. This is because someeférrangements in the sliver may lead to nep foomand imperfections during up-stream drafting
processes .

In addition to the removal of trash and neps, irtgyd aspects of the carding process in relatiorata quality and spinning performance are the el=gf
fibre individualisation, the fibre extent and thileré hook configurations in the sliver. With regaodhese factors, increased production rate cduncescarding
quality . It is therefore of importance that a betinderstanding is established of the effectdaading actions have on such quality parametersicptarly at
high production rates.

The most widely accepted view of how fibres amgriiuted within the card under steady-state camstis illustrated in Figure 1 . Reported studies the
fundamentals of the carding process have largedy lsencerned with how the principal working compaeef the card affect this distribution of fibrass
and interact with the mass to achieve:trash andempval from cottons; the disentangling of thedimass into individual fibres, with minimal fibre
breakage; and the alignment of the fibres to gisévar suitable for drafting in down stream prses

These actions occur at the interface of the cansbonents within the three zones indicated in FdurThis paper therefore gives a critical reviéw o
published research on the:

- mechanisms by which the fibre mass is brokenndate individual fibres,

- mechanisms of fibre transfer between the comptqueats of the card

- effect of the saw-tooth wire geometry on thet®oas
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Figure 1: Distribution of Fibre Massduring Short-Staple Carding

Q1: fibremasstransferred from cylinder to doffer
K : transfer coefficient
Q2: recycling layer
QL: fibremasstransferred from taker-in to cylinder
Qf : flat gtrips
Qo : operational layer
(where Q ismass per unit time)

Zone 1: Fibre-Opening
Separation and Cleaning of the Input Fibre Mass:

The taker-in has effectively a combing action ,ahhiesults in the breakdown of the tufts, consitythe fed fibre mass, into single fibres and senaiize
tufts (tuflets), and in the liberation of trash tides ejected from the mass flow by the mote kaipesitioned below the taker-in. To effectivelyditdown the
fibre mass feed into tuftlets with minimal fibreslkage, the taker-in wire has to be coarse, witivaaumber of points per unit area (4.2 to 6.2 @nand not
too acute an angle of rake. The objective is taiolgentle opening of the fibre mass feed and #asgfer of the tuftlets to the cylinder. Angles3@b — 850
are used for short and medium length cottons te gffective opening and cleaning. For longer cattamd synthetics, a 900 or negative rake may baede®
facilitate gentler opening and satisfactory fitnansfer to prevent lapping of the taker-in .

Fibres, usually very short fibres, which are ri¢guately held by the teeth or present in the dptres of the clothing are ejected causing fitge. [However,
it is the mote knives that govern the amount aofefito trash (i.e. lint) in the extracted waste. &xpenting with the settings of two mote knivesdvethe
taker-in, Hodgson found that the absence of thedengreatly increased the lint content with littlerease in trash. With the knives present, thé $etting
was that which gave the least waste since incrgalsmamount of waste did not improve cleaningz#dund that irrespective of teeth density andit@mgle
the waste increased with taker-in speed but thease was attributed to higher lint content.

It is reasonable to assume that the smaller ftlettgize and the greater the mass ratio of inldigl fibres to tuftlets the better the cleaningeffof the taker-
in. Supanekar and Nerurkar suggest that the takeemks down the fibre feed into tuftlets of vasaizes and mass, conforming to a normal frequency
distribution. In the case of cotton, some tuftlasy consist of only fibres whilst others will coimtaeed or trash particles embedded among thesfitirese
tuftlets constituting the heavier end of the disition curve. Thus, the mean of the distributioruldalepend on the trash content of the materiakedsas on
the production rate, the taker-in speed and the @lathing specification. However, the authorsmtd report any data to support their ideas.

Little detailed information has yet been publisieedthe mass variation of tuftlets or on the ref@aproportion of discrete fibres to tuftlets resgtfrom the
combing action of the taker-in. Nittsu using phetgahic techniques studied the effect of procesiabks on tuftlet size. It was found that the totaimber of
tuftlets decreases the closer the feed plate gettie lower the feed rate, the smaller the stegper of the saw-tooth clothing and the higherlitier-in
speed.

Since th licker-in opens the batt into both tutlend individual fibres , a decrease in the totathber of tuftlets suggests an increase in the pfasslividual




fibres. Liefeld calculated estimates of the opefita@ mass at various stages through the blowrootdngives a value of 50mg for tuftlets on the takeMills
claims that the calculated optimum number of fibee tooth is one, and that this should be mainthaténcreased production rates by increasingakertin
speed. There is, however, the question of fibreadgnat high taker-in speeds.
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Figure 2: Frequency distribution of tuftlet mass

N: Taker-in speed (rpm), P: Production rate (Kg/hr

Honold and Brown found no fibre damage occurrespatds of up to 600 r/min. Krylov reports the abseof fibre breakage at speeds up to 1,380 rinid,
Artzt's work shows taker-in speeds to have a négégeffect on fibre shortening and subsequentlyam strength. In all cases cotton fibres of 28%2 mm
(2.5% span length) and 3.8 — 4.9 micronaire weoegssed. The level of fibre breakage, however, dveeém to depend on production rate and the lragefr
setting to the licker-in. High production rates iavled by increased sliver counts and a close gatfithe batt fringe result in significant fibredakage.No
fundamental studies have been reported on thesfangelved in the fibre-wire interaction of revahgflat card components. However, Li and etal report
simulated study of fibre-withdrawal forces for wamlhigh-speed roller- clearer cards. Although istdarces could cause damage , it was found thrdt ca
component speeds had no significant effect on tttedvawal-force, and that fibre configuration amdamglement were the important factors.

The importance of producing small size tuftletevglent form the various components fitted infibeeopening zone on modern short-staple cards-tSath
wire covered plates, termed combing segmentsd fittdow the taker-in or built into the taker-ineen are claimed to give improved trash removal.
Reportedly , the stationary flats fitted betweem téker-in and the revolving flats provide extr@mipg of the tuftlets transferred to the cylindemfi the taker-
in. They also act as a barrier to large, hardhtpesticles such as seed coats, protecting theokitee revolving flats from damage, particulartyhagh
cylinder speeds. This enables finer wire to be disethe revolving flats and thereby improves theaning effect of the interaction between cylinded
revolving flats. The chances are also reducedrafdo length fibres becoming deeply embedded imetelving flats to become part of the flat stripbese
attachments are widely accepted by the industbeasficial, particularly at high production speldwever, there is no published systematic studheif
effectiveness in reducing tuft size, and the eféécttationary flats on the recycling layer, Q2urknown. The little information that is availalittempts to
illustrate the effectiveness of these componentgaon quality, but there is no evidence of anadjtitgour in the way the data were obtained.

Fig 3. Shows the effect of the combing segmentthadtationary flats on dust deposits in rotonsig and on the imperfections in several typesngf spun
yarn. The figure includes values for the effecstationary flats above the doffer, but this willdmnsidered in a later section. It would appeattthmadded
components in the taker-in region might well redtreedust deposit in the rotor, but the resultsxghg improvements in yarn quality are not convirggiand
in all cases the stationary flats above the daffgrear the most effective. Leifeld reports thatdylsnder — revolving flats carding action occurisem the fibre
mass delivered to the cylinder is in a highly ogbsite.

Tandem cards are said to give a high standardrdirgy with low nep and trash levels in the cardvikhis is because a uniform web of almost disdibtes
is fed to the second cylinder of the tandem caddcdwoser revolving flat settings with higher cylardspeeds can be used . Single taker-in systems,veith
combing segments and stationary flats, cannotagveigh a degree of opening. However, Leifeld respvat a triple taker-in system facilitates higker-in
speeds and, fitted to a single-cylinder card, feedsiform web of discrete fibres to the cylindbereby offering a more cost-effective process than
tandem card, but no comparative data for the tpesyof card are given. Although it may be reasdhatia triple taker-in action should improve nemogal,
it is of importance to compare the web qualitiethwegard to dust and trash content, the leveltgmel of fibre hooks, and the degree of fibre pafisiin since
these greatly influence yarn quality.

v A0 — v axs X axs
=] B dust depaosit (madhe) 1 - no attachmeants
=1 I thick places! km x 10 2 - Pre-opening segmsnt
= [:] thir pl:l es / Km '1 2+ btauonary flats above taker-in
1 T MNeps/ km x 10 - 2+Stationary flats akbove doffer
5] 5 Staticonary flats above doffer

" Mhhﬁ

Figure 3: Effect of Combing Segment and Stationary Flats

Contradicting the triple taker-in approach, Mgtates that the fibrous material fed to the caolikhnot be broken down into individual fibres e taker-in
system. This is because the fibres would remagelgrdisoriented with a high proportion of themmlgitransversely to the direction of mass flow when
transferred to the cylinder and subsequently ta¢kelving flats. This can result in fibre loss bhgy transfer to the cylinder and an unevenneskeofibre
mass across the cylinder width, causing neps foribbeed and degrading the carding action betweerylieder and the revolving flats.

It is claimed that good carding requires a thimfarmly distributed sheet of well-opened tuftlégsl to the cylinder from the taker-in. Fujino refsaresults
that would appear to confirm the view that as thel of opening increases through faster takepé®ed, the degree of fibre parallelism on transféhé
cylinder decreases. The nep level in the card waeh) owever, observed to decrease noticeably métleased taker-in speed. This was attributed to the
reduced speed ratio of the cylinder and taker-nzt4ound that reducing the takerin/ cylinder dratio from 2.4 to 1.4 caused yarn imperfectianstrease.
In contrast to these findings Harrison statesiti@atasing taker-in speed did not affect the nepllm the card web, the exception being for lowermnaire
cottons. The apparent contradictions in these tesufgest that a better understanding of thefeamechanism may be needed which takes into atdibue
properties. Fibre Mass Transfer to Cylinder

Two contrasting views have been reported on theham@sm of fibre transfer. Oxley suggests thafitire mass on the taker-in is ejected between ytieder
wire and the back plate. Whereas Varga believashledibre mass is stripped from the taker-inhie following way. In the feed to the card, tuftsldibres lie




randomly and by the action of the taker-in are ghaunto length-wise orientation in the directidrtive roller rotation. The trailing ends of newtyiined
tuftlets protrude above the taker-in wire and ailg stripped by the cylinder wire clothing. Tlnisplies that the transfer involves a reversal efltading and
trailing ends of the fibres. Further orientatiorararallelism of the fibre mass is thought to oaturing the transfer onto the cylinder. No experitaéwork
has been published which specifically involvesualgtof the transfer of fibres from the taker-irtthe cylinder. Therefore it has yet to be estabtisivbether at
the interface, the cylinder, which has the fastefase speed, strips the fibre mass with its ctgtar the taker-in, through the action of centréifliprces,
ejects the tuftlets and single fibres onto thendléir, or a combination of both occurs. It is alsmterest to determine if the airflow in the regiassists the
fibre mass transfer. Whatever the case, the fitagsns likely to be subjected to an uncontrolleftairg effect, which could introduce irregularitiesthe mass
flow.

Zone2: TheFibreCarding Zone

In the carding zone, it is the interaction of fibee mass and the wire-teeth clothing of cylinded flats that fully individualises the fibres agides
parallelism to the fibre mass flow. In considerhmyy fibres enter and are individualised in the zag@one, Oxley suggests that tuftlets are nohsfisoheld
on the cylinder clothing because the tooth angledahe direction of cylinder rotation. They aheis, easily removed and more firmly held by theasmg
teeth of the flats. It is therefore assumed that #at enters the carding zone it becomes almdigtibaded with fibres, the airflow within the reg assisting
the fibre mass transfer. Having been strippediwéfmass, subsequent following areas of the cylindte clothing move past the fully loaded flat gomdceed
to comb fibres from the flat, carrying them towatls doffer. The action of combing causes the §iltoebe hooked around the cylinder wire points and
prevents them from being easily removed by otlas fl

Debar and Watson'’s experiments of the movemeradibactive tracer fibres through a miniature cgtrdwed that some fibres caught by the flats wetenof
only removed by the cylinder-wire clothing aftermyaevolutions of the cylinder. Varga reports aemiative view to Oxley’s, stating that two typésaction
occur at the cylinder-flats interface. First, adiag action where the upper layer of a tuftlet tw@sely opened fibre group is caught and heldhieyflats

whilst simultaneously the bottom layer is sheangdyaby the fast moving cylinder surface. This attiauses the top to hang from the flats and toacont
subsequent parts of the cylinder wire surface tiegpih the second action which is combing, wheeewire clothing of the cylinder hooks single asraall
group of fibres and combs them from the top lapesecond flat catches the bottom layer on the dglirand the actions are repeated. In this wayetsfdr
groups of fibres are separated into individualegr

By making abrupt changes in the colour of theefibmass fed to the card, Oxley demonstrated thigetsifrom the load on a given flat are carriedviard by
the cylinder clothing and separated into individiilzdes over a small number of preceding flatsidgfly 4. It was concluded that the interchangélokes
between cylinder and flats does not occur ovefiliearding zone. Sengupta ] made measuremertteafarding/combing forces and showed that esdgntig
these actions were on average confined to thetdinstvorking flats.
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Figure4: Relation of Flat Load and

Working Time: A study by Hodgson showed that moving in the dioecof the cylinder rotation, a given flat acquites-thirds of its final load directly it
comes into position over the cylinder. The loadhtimereases exponentially with time, reaching rterghs of the final value within 6-8 minutes. Coetjn
of the load takes place slowly during the remairafehe working time. See Fig 4. As shown in trgaifie, with flats moving in the reverse directior thad
first increases rapidly with time and then slowsiluhe flat is about to leave the working areardii¢ encounters the fibre layer being transpooiethe
cylinder surface from the taker-in. The flat reema sudden addition of fibre mass to become fodigled, and, in agreement with other results |dhé
weighs more than for the forward direction of moti€ontrary to Oxley’s conclusions, it was foundttB0% of the final load on a given flat resulteshf
fibre interchange between flats and cylinder ofaerftill carding zone.lt may be reasoned that ttralrar of flats involved in separating a tuftlet dege on
the tuftlet size, the mass flow rate and the #tiisg. Large tuftlets will be pressed into theirger wire during the carding action, whereas siodtlets will
be more easily carded and will remain at the tofefcylinder wire teeth. The larger the tufteg thgher the production rate and the closer thesétings,
the greater the number flats involved in the semaraf a given tuftlet. Bogdan reports that flsad to load quickly at the beginning of their @yof contact
with the cylinder. This, however, is only a part@dding, since the fibre mass tends to resist rfibres entering the space but, in the case obnopttot the
leaf and trash particles present Analysis of tasttiin cotton flat strips showed that initially {hercentage of trash in a given flat strip is lowd éncreases
slowly during the first 10 minutes of carding, th@mains at almost a constant value . The finalgreage depends on the trash content of the céitora
fixed production rate, the amount of flat stripssvileund to be directly proportional to the flat sgebut provided the speed was such that the wgptkime
was not less than 10 minutes, both the weight antposition of the flat strips remained approximatainstant. Feil claims that a high degree of air
turbulence exists in the flat/cylinder zone. A camaltion of centrifugal forces, mechanical contaithwhe flat wire and air turbulence causes thitiriggends
of fibres attached individually to the cylinder ttlmg to vibrate and shake loose trash and dusitlea:. Short fibres which cannot adequately ctm¢he
cylinder clothing will also be shaken free, andhglevith impurities become part of the flat stripbrEs that are deeply embedded in the flats, andatde
reached by the cylinder wires become flat strijs.this reason the closeness of the flats settirije cylinder is important. It may be assumed ttager
flats/cylinder setting and faster cylinder speedbkgive more effective carding and combing acti@ssdescribed by Varga and thereby improve welitgual
through reduced neps and trash . Cylinder diamegeysand Karasev showed mathematically that fgivan cylinder rotational speed the carding powiir w
be greater for a larger cylinder diameter withghler number of working flats. However, becaus@wflr mechanical stresses, smaller cylinders can be
rotated at higher speeds than larger cylinders.aboee advantage is therefore reduced the higeespbed of the smaller cylinder. Artzt studying the
influence of card clothing parameters and cylirgfgeds on yarn imperfections, report that the tetisity of the flats and cylinder, and the spdeti®
cylinder must prevent tuftlets lying within the igdipitch of the cylinder clothing. If this occutse tuftlets generally become the thick placefhiéyarn. It was|
found that high teeth densities and low cylindexesis were as effective as lower teeth densitiehigidcylinder speed. High teeth densities withhhig
cylinder speeds did not give effective carding,iuteason was reported for this.Since the acfidgheocylinder in this region is to individualisidrfes, the
wire clothing on the cylinder has a steeper rakeahigher point density than the wire clothinghaf flats. Thus, with closer settings and highdindgr
speeds greater forces may be involved and maytiiedilire breakage. However, the work of Li indieathat the withdrawal forces needed to separate a
entangled fibre mass was largely dependent onehsity of the fibre mass and the contact anglesimade with the wire clothing, than on the machine
speeds.Van Alphen reports that increasing cylisgeed causes more fibre breakage than increagiagitaspeed and that this is reflected in the yarn
properties. Rotor yarn tenacity was reduced byou# with increasing cylinder speeds between 48D+6nin. Whereas ring yarns showed a 5% reductiqt




for speeds between 260 — 380 r/min and 10% at®@i@.rThe higher sensitivity of ring yarns to fidlveeakage was attributed to the negative effeshoft
fibres during roller drafting. Krylov reports thao fibre shortening was observed for cylinder spaggito 380 r/min.It may be reasoned that the smtie
tuftlets and the more parallel fibres in tuftlete & the direction of mass flow the lower the ptoitity of fibre breakage. Honold attributes fildamage to the
cylinder/flat interaction and suggested that thgrele of damage depends on the size of the tuftieesing the working area; the smaller the tuftidte closer
the setting that can be used and the lower the bBheakage . Hodgson’s work showed fibre lengéisis an important factor. For cottons, fibre bregkaas
only found to have occurred when the staple leagth greater than 25mm. Increasing the flat spepédaap to have no effect on fibre breakage. Howeher,
amount of flat strips increased proportionally wiile flat speed and the mean fibre length of thipssincreased significantly. This means that faiée
speeds result in larger amounts of useable fibtieawaste. Interestingly, when carding cottonsnature fibres were not readily found in the flaipst The
coarser rigid fibres seem more easily retainedbyflats. The effectiveness of the carding and éognctions within the cylinder/flats area is, ingdia,
dependent on the quantity of fibre mass on thedgli, and this includes the recycling layer, Q% tif interest therefore to consider how the Q@imed
during fibre transfer from cylinder to doffer, aitslimportance to the card web quality.

Zone 3: Cylinder / Doffer Interaction : Varga reports that the action of fibre massdfanto the doffer is similar to the transfer a thput to the cylinder-
flats zone. The regions above and below the lindasfest approach of the cylinder to the doffer. the setting line) are important to the mecharugfibre
mass transfer and the transfer coefficient, K. filleregions may be termed the top and bottom ceadioa arcs or top and bottom zones. Simpson claims|
that transfer can occur in both zones and thapdhticular region in which transfer actually occinffuences the fibre configuration and the nelef the
card web, although cylinder-flats action is mor@amant in reducing neps. Which zone transfer acouis dependent on the cylinder-doffer surfaesp
ratio, C/D. For high C/Ds, transfer occurs in the zone and results in a larger number of tratliran leading hook fibres and a low nep level. Therse
occurs when transfer takes place in the bottom perieg to lower C/Ds. Simpson does not howeveratayhat C/D value transfer changes from one zone|
the other. Although reference is made to otherasttvho have proposed a mechanism for fibre tramsfine top zone, no mechanism or experimental
evidence is given to support the idea of fibredfanin the bottom zone. Lauber and Wulfhorst Uuasdr-doppler anemometry and high-speed cine
photography to study fibre behaviour in the bottmome, i.e. up t0110 mm below the setting line. Tfirdings showed no evidence of fibre transfehwmitthe
bottom zone. Since Morton and Summers’ work in9l8ther researchers have confirmed that the vajives in Table 1 for the five classes of fibre
configuration observed in slivers. It is of intdressnote that the hooked lengths are greaterefadihg than trailing hooks. Although, the calendfaift can be
used to change the relative proportions, Gosh dradi@i showed that the method of removing the wein fthe doffer does not influence the propensity of
any class of configuration. It is the mechanisrrafisfer that is seen as principally responsibietfe shape fibres have in the sliver.

Table 1: Classification of Fibre Configuration in Card Sliver

Group | Groull Groug Group W Sroup v
Calender | Leading Trailirg Both ends Mo Cither
Diraft Hooks Hooks Hooked Hooks

IM.F.E IM.F.E M.F.E IM.F.E I.FE

% {mm) P {mim} g (i o {mrm} Vo ()

19 17.2 171 13 8.6 16 18.9 1 10.0
.07 18 18:.7 17.4 12 16.0 16 21.4 4 7.0
1.11 12 20,3 15.8 15 13:0 19 223 2 8.5
125 18 20,0 15.9 3 14.2 32 23.5 1 12.0
IMean 1625 19.0 17.3 12.25 15.7 2075 21.5 2 937

Several studies
have been reported on the fibre-mass-transfer me&ahaA number used tracer fibres with one endfifre dyed a different colour from the other. The
reported findings suggest that fibre mass trarafeurs by fibres acting independently and notaela of fibres. Observations showed that prior amsfer,
nearly 70% of fibres on the cylinder had leadinghs only 9% had trailing hooks. On transfer tHatiee proportions changed as indicated in Tabld&df
the number observed underwent reversals, with gréfaan 70% changing their configurations [e.gdile@ hooks becoming trailing hooks]. Of those that
transferred without reversals ca 90% did so with@nge of configuration.

Table 2: Mode of Fibre Transfer from Cylinder to Doffer

Mode of fibre transfer to doffer

Configuration O Sylincler Reversal (%) Mo reversal (%%)
(%) Mo changs of Change of Mo change of Change of

confid. config. config. corfig.
Trailing 4.5 2258 225 000 0,00
Leading BT 15.90 13.70 4.50 28,60
Mo hooks 273 220 11.45 220 11.45
Both ends hook 4.5 0.00 2.25 0.00 225
Total 100.0 20,38 29.65 G.7 43.30

Ghosh and Bhaduri
report that tracer fibres were noted generallyd@gpund with the cylinder for several revolutidregore being transferred by the doffer. On occastoansfer
only happened when the cylinder speed was incre&sdghr and Watson'’s work with radioactive visctraeer fibres showed that a fibre on the cylindeew
passes the doffer up to a maximum 20 times befeirggbremoved by the doffer, sometimes interchangegral times between the cylinder and flats ndri
the 20 revolutions on the cylinder. Hodgson foumat totton fibres make between 10 and 25 cylineleolutions before being removed by the doffer. Wit
continuity of fibore mass flow through the card stimeans that the doffer web is built up over mapinder revolutions and that the recycling laye2, @
comprised of multiple fractional layers of the bmass transferred from taker-in to cylinder duthnese cylinder revolutions .
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Figure5: Mechanism of fibretransfer for trailing hook formationv : A proposed hypothesis for the mechanism of fttaasfer is illustrated in Figure 5.
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Here the trailing ends of fibres are lifted frone ttylinder surface by centrifugal forces and becbomked around the teeth of the doffer clothinge Th
frictional drag of the doffer clothing eventuallmoves these fibre from the cylinder clothing. Thischanism only explains the formation, withoutensal,
of trailing hooks in the doffer web. However, thepiortance to fibre transfer of the relative angled tooth lengths of the cylinder and doffer i$ seident
from the figure. Baturin developed equations thatged the importance of tooth angle and teeth teaskthe cylinder and doffer wires to the value<oand
thereby Q2. Other investigators have reported éxeertal data that verify Baturin’s equations. ltsfaund that the more acute the working angle ef th
doffer wire compared to the cylinder wire, the egkhe value of K, and the lower Q2, and that higeeth densities on the doffer increased K. THieskngs
would tend to suggest that the proposed mechasisnprincipal action by which fibres are removexhfrthe cylinder. However, this mechanism of fibre
transfer does not explain the change of fibre gpméition with reversals and the formation of legdimoks in the doffer web. It also does not explain
fibres forming the recycling layer, Q2, are subsetly removed, even though an input layer of fimass is added to Q2 each time it passes the takdrke
above studies did not take account of the degrébrefparallelism on the cylinder prior to transfeor the number of fibres per tooth on the cyinend
consequently the likelihood of fibre interactiorridg transfer. Fujino and Itani used a microscapghnique to observe the orientation of fibreshen t
cylinder surface above the taker-in and just befloeedoffer, and in the doffer web. They found tlitates showed the highest degree of parallelisrarwdn
the cylinder surface just above the doffer. Theree®f parallelism decreases on transfer to thiedafnd further deteriorates when the web is resddvom
the doffer to form the sliver, even though the odbe draft helps to maintain some degree of pdisatie Grimshaw and others report the use of fidetsfust
before the cylinder/doffer top transfer zone, tpiiave fibre parallelism in the card web.; up to 2@%uction in fibre hooks and 25% improvement lndi
parallelism were obtained in the card web, resglimimproved yarn properties. Figure 3 shows thaffixed flats in this region are more effectine i
improving yarn properties compared with the fixtdd above the taker-in. The action of the flatedi above the doffer is not fully understoodslassumed
that they tend to lift the fibres to the tip of tbyinder wire for more effective transfer to theffér, particularly at high cylinder speed. Laubed Wolfhorst ,
Kamogawa, report that in this region aerodynamicde affect the parallelism of the fibres and tlagy ¥hey are transferred to the doffer. Howeverdetails
are given. Owing to the higher speed and largeneliar of the cylinder, it is assumed that durimgsfer in the top zone the fibres are more subatgnt
affected by the flow of air transported with thdirger’'s than by the doffer’'s wire clothing. Higipesed photographs showed that in the bottom zonmé#ire
flow of fibre mass was with the doffer at closette doffer speed, even when the fibres were justibthe cylinderdoffer setting line. However, sofitges
were seen to be free of both the doffer and cytiael tended to move with the air currents and texadly with the motion of the cylinder surface. Rréhe
above discussion, it can be seen that work isrs@ided to establish a more detailed understaodifigre mass transfer between the cylinder andedoT he
results of such work may also help in better exyitaj how fibres remain on the cylinder to form teeycling layer Q2. Varga suggests that with fitvessfer
in the top zone, the thicker layer of web on thBetesurface protrudes above the doffer wire antd the gap setting between doffer and cylinder. fElseer
moving cylinder wire clothing combs through thefdofwveb and thereby pulls fibres back onto thentlgr surface. De Swann showed that fibres can be
readily transferred from the doffer to the cylindsrwell as from cylinder to doffer. In Hodgsortsdy , changing cylinder/doffer setting affected th
neppiness of the web but did not affect K, whicénse to contradict Varga’s view. Baturin and Simpowever showed that K will increase if the regidn
interaction between the cylinder and doffer is @tlby decreasing the doffer or the cylinder di@mahd this tend to supports Varga’s suggestioa for
combing and robbing action of the cylinder. Itéasonable to assume that the combing action ceattltb fibres in Class Il and IV (Table 1), butrthis still
no verified explanation of how fibres in ClasseBl),and V are formed, with and without reversalkich of the research on the cylinder / dofferriattion
concerns the effect of machine variables on thegiZ)2 (or the operational layer, Qo), on the wedlity and changes to the relative proportionthef
classified configurations, and on ultimately thenyguality. Sing and Swani developed a Markoviarmeidor the carding process in order to determiiree t
probabilities of fibre transfer between cylindeddlats and cylinder and doffer, taking into accotlne recycling of fibres. It was shown that thmads spent
by a fibre on the cylinder, Tr, and in the flatdifegler region, Td, are given by:

Tr=1/KandTd=Tr.Pf............. (1)

Where K =Q1/ Qo and Pf=Qf/ Qo

Reported values for K would seem to vary betwe@feto 20% , depending on doffer and cylinder speeadshe relative profiles of the saw-tooth wire
clothing, and on the sliver count. Simpson sugdistsfibre properties are also of importancehat there is a tendency for low micronaire cottiongive
higher cylinder loading and for fibres with low sindriction and good compression recovery to resuttigher K values. No physical explanation isegivior
these findings and no other studies are reporteteeffect of fibre properties. Further work isttbfore needed in this ardagure 6: Effect of Cylinder and
Doffer Speed on K and Pf : A popular view is that a low fibre mass enterihg cylinder/flats interface, i.e. a low fibre ¢ban the cylinder, results in better
quality carding . This would seem to imply that thigher the value of K the better the carding siless fibre mass is recycling to be added to thesma
transferred from the taker-in. However, there asgegal ways of increasing K and not all of thenuteis improved carding quality. Figure 6, showattfor a
given cylinder speed and sliver count, increasdfbdepeed increases K and reduces Pf, whereg@skethe doffer speed and sliver count constant and
increasing the cylinder speed increase both K dndFér constant cylinder and doffer speeds, irmedssliver count was found to reduce K and Phdf¢game
up stream machinery is used, then the best measaftective carding is the quality of the cardedyrspun yarns produced . Gosh and Bhaduri's work
showed that for a fixed carding rate, with incraggiloffer or cylinder speed, K increases but Qotaed/arn imperfections decrease; no trend wasifevith
yarn tenacity or irregularity. Singh and Swani gddhe properties of yarns made from slivers gpoading to differing K and Pf values and found thia
was the more important of the two parameters,antthe higher the value of Pf the better the yamlity. Kaufman reports that the lighter the filwead is on
the flats, the better the carding quality. Thus, ule of Pf does not give an adequate understantithg importance of the recycling layer nor of gize of
the fibre mass load at the cylinder/flats interface
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Figure7: Effect of Doffer Speed on Carding Parameters : Baturin reports an alternative approach to the alowhich the following expression was
derived for the number of cycles, Np, under stestdte conditions that fibres on the cylinder clothinake pass the flats before being removed bgdffer:
Np=1+Vc/KVd .............. 2)

Where K is the transfer coefficient




Vc and Vd are cylinder and doffer surface speedmin).
.Since this gives the number of times the recydiinge mass is subjected to the carding actiomay be a better indication than Pf of the imporéaoicQ2.

From the expression, Np decreases when K incrégsiesreasing doffer speed. Figure 7 shows thaa foonstant production rate, web quality decreases
when Np decreases with doffer speed, even thowghyinder load decreases and a high number aiastiteeth per fibre is obtained. The last two
parameters are usually taken as indicative of gaoding. Figure 8 shows the effect of increasefiedspeed and sliver count on web quality and these
consistent trend which suggests that increasingithéuction rate by increasing the sliver courdtead of doffer speed, gives better web qualitth\égard
to sliver irregularity, several investigators retgbieoretical and experimental studies showingiti@easing the recycling layer, Q2, reduces trogtdlerm
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Figure 8: Effect of Doffer Speed and Sliver Count on Web Quality :-Karasev attempted to show experimentally the ingmme of Q2 by removing it
during carding using a suction extractor. It wasnft that without Q2 a large proportion of the fibnass transferred from the takerin became embedtted
the empty teeth of the cylinder clothing. Only theger tuftlets and groups of individual fibres viethen be subjected to the carding and combinigret
Hence, there is a greater chance of small groupatahgled fibres being removed by the doffer. iig2efore acts as a support to new layers of fitassm
being transferred form the taker-in, keeping the fiere mass at the tips of the cylinder wire teatil thereby promoting the interaction of tuftieith the
flats and cylinder clothing. This idea, howevereslmot facilitate an explanation of the mechanignhbich fibres leave the recycling layer to fornrpaf the
doffer web, Q1 . Gupta suggest that the rotatidgpdgr could be considered as a large centrifugewould cause fibres, impurities and seed fragsnent
migrate to the cylinder periphery and thereby maketact with the flats clothing and, presumably, doffer teeth. However, no experimental verificatof
this hypothesis is reported. Many of the authorehaported the effect of machine variables orefitwnfigurations within the card sliver and sevaeale
related yarn properties to the observed configomatiGenerally it was found that for a fixed sligeeunt increasing the carding rate by increasiegiibifer
speed, increased the number of minority hooks eddaed the nhumber of majority hooks, irrespectiveybinder speed. However, for a given doffer speed
increased cylinder speed gave the reverse trermdifmrity hooks, but no clear trend for majoritydiks. Baturin and Brown showed that increased cglind
speed decreases cylinder load owing to the effemmtrifugal forces and Simpson showed that irsedaylinder speed also increased minority hooklis an
decreased majority hooks. Bhaudri reports that vtheriibres are forced nearer the surface of thiedsr teeth, either by increasing the fibre load o
increasing the centrifugal force on the cylindee, proportion of minority hooks increases. Simpfesamd that there was a direct relation between yarn
imperfections and increased occurrence of mindwityks and that spinning end breakage rates andrpperfection increased with increased card pradoct
speed owing to minority hooks. Gosh and Simpsondadbat heavier slivers had fewer minority hookewver, the increased draft needed to process the
heavier slivers into yarn led to increased yarndrfgctions.

Conclusions: 1. The taker-in action separates the fed fibresmato tuftlets and individual fibres. Althoughistreported that the taker-in action gives a norry
mass distribution of tuftlet sizes, this is spetiafa Little research has been reported on theceffetaker-in parameters, fibre properties andollogrroom
process on tuftlet size distribution and on thathe¢ proportions of tuftlets to individual fibres.

2. The perceived benefits of combing segments imidtthe taker-in under-screen and of stationkatg fiitted before and after the revolving flate arell
known, but only limited experimental findings haxeen reported to support the use of these attadbnigrere are conflicting views on the benefitsripie
taker-in systems, concerning whether the fibre ogeby such systems would give a high misalignneéfibres to the direction of mass flow during tséer
to the cylinder and degrade the subsequent caadition. A better understanding is therefore reguafethe fibre mass transfer from taker-in to cgén, since
the surface speed ratio of these components isasearkey factor in the proper functioning of hgghduction cards.

3. The cylinder-flats and cylinder-doffer interacts have been well researched. Published findimgs ¢hat each flat acquires two-thirds of its l@adhe
beginning of its cycle of contact with the cylindand that separation of a given tuftlet occurs evew flats. With regard to clothing parameterd aylinder
speed, high teeth densities and lower cylinderdspgave similar results to the converse arrangerhientever, a high teeth density and cylinder spiédot
give effective carding. Results showed that higindgr speeds caused more fibre breakage thantdigin-in speed.
4. A high cylinder to doffer speed reduces cylinidexd, gives a higher K value and a better webityudhcreasing doffer speed was also found todase K,
but the web quality deteriorated. The reported raeidm of fibre transfer from cylinder to doffer dagot adequately explain the effect of the cylirddoffer
speed ratio, or the various reported changesiia fibnfiguration during transfer. Further workhgftefore still needed in this area.




