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INTRODUCTION

The ultimate object of the spinning process is to produce yarn of specified
count and required quality at the lowest price. Yarn quality is important ia

two ways ; firstly for ensuring that the yara performs well in the subsequent
processing it undergees such as winding, warping, sizsing, weaving or mmitting ete.;
secondly for ensuring that th:e end product made out of the yarn 1s acceptable,te
the extent that it depsads upon yarn quality, Naturally, therefore, there are
many physical properties of a yarn that contribute to its quality. The wore
readily measurable smong these are ; its wniformity, tensile strength and
elongation, and their variability. Besides these characteristics, yarn quality

is also determined by its relative freedom from such imparfections and faults as
hairiness, neps, foreign matter, slub, fly ete. The relative importance of
particular sspects ef yarm quality depends upen the final preduct made eut of
the yarn and also on the subsequert processing that the ysrn undergoes in the
making of the product. It may however be said that count and uniformity are basic
characteristics of a yarn, The reasons for this are as follews t+ Firstly, a yera
i1s designated by its count. Secondly, count and uniformity strongly influence

yarn strength and its variability, the performance of the yarn in subsaqueat
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grocess and the fabric appearance. The control of count and uniformity is,

therefora, one of the primary fupotions of any scheme for quality control 1n

apin ing.

niformity of a yarn is commonly monsured in terms of cuefficlent of

cerintion (C.V.) of weight per unit langth. Welght of the yarc, ard not 1ts

thickness (dtemeter;, 1s chosen a8 thu oa®is for Jdeterminlng yern uniforeity

mainly because thi concept of wolghli. g 8 yern to detormine its fineness has been

corvontivially used 1. the textile iudustry apd ajso becauss monsuremeut of such

yrriability is easier t;r iouustrial rractice. The coef ' icient of verintion (C.\’.)

of weloht/unit le--tn of 8 yara, ¢ es mot, howevor, possess @ unique value.

1, fact, tte value of the .. Jepends upon tre cut leugth used for determining

the weisnt, T or:ier to charasterise the irre, ulnrity of ynra { total, trerafore
s » J ] ’

a graph of Cui. ur rilative variance hug Lo DO plutted agelnst Lhe (logarithm of)

cut length. 1. this zrarh, cniled the B{L) curve, the relntive variance remains

at & hisn level for srort cut lengths of the oraer of twica Lic flrre Lengthy

then drups ra idly t 1] tr+ ot length becomet about 19=2C meterd ai trerenfter

decrenses gradual'y urto and after tne cut length becures about 1 meters, Yarn

count veriation deter” ‘et by eatting 8nd «elghing 120 yd. less, and the yarco

irregularity Jetur~ired by using elactronic testsrs where tho cut leugth is sbout

are Wit two polnts on vy B(L) curve, The difference li tre numericsl

values of ccunt Cule and serrn irregularity 14 sulely due to the divference in ihe

cut length chose. for weighins. In routing coutrol of yaro uniformity, ioterest

mainly centres ar und these two aspects asmely ciunt variation anc trregularity.

As the tecr.wl-zlenl sters jecessary t. contrel the jevels of nummni formity 8t

these two extremes of tie B(L) curve wuuld in general be aiso expected to keep

the level of tre entire B{L) curve low, tnis ccacentration of quality control

offo-ts on these extreme points 1s urderstandatle,

(2)
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The eontrol ef count snd uniformity,then, essentially aims at maintaining the
average count at the specified levsl, and keeping count varistion and the shorte
term irregularity at satisfastory levels There is one other aspeat of yarn
quality which is also conveniently considered al:ng with irregularity, namely
imper fections such as thim and thick places, and neps. This is bLecause the search
for cesuses of poor rating of a yarn for either irregularity or imperfections is
along similar lines. This psper deals with all these four aspects of yarm quality,
Besides giving a methodology for quality control in these areas, the technolo-
giocal rationale vhieh led to the developmeat of tae methodology is also outlined,
Specific points which require attention in the case of unsatisfactory performance

are thua automatically brought to light.

Since 1950 A.T.I.R.A, has vorked in the area of quality gontrol in composite
cottom textile mills and has been instrumental in the establishment of quality
control sectiona in over 45 member mills. Besides, in the course of applied
research, and the consultation work carried out on behalf of the member mills,
A.T.I.R.A. haa conducted numerous investigations in g¢otten spinning. Naturally,
all this vork was mot carried out in isolation but in swareness of similar
setivity elsewhere. The present paper, them, 1s based on the totality of lmowledge
gained through extensive work in industrial quality control. An attempt is nade
to desoribe the integrated view that is uaed in A.T.I.R.A, today for quality
eontrol in these sreas of spinning, No distlaction hes, therefore, been made

in the text between work done at A,T,I.R.A. and elsewhere. The indebtedness

of the suthors to othara who have worked in this field will be clear from the

selected bibliog-aphy given &t tne end of the peper,
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Nature of Problem

Until recently the universally sccepted systems of cottoa yarn count were tre
English a1 tne ~gtric, These systems define ¢ unt ns the pumber of certain
ed hoc lengtn units that g to maxe crrtain ad hoc weight units. The units

of length nand weight nve respestively 840 yrrds and vie oourd i the knglish
system and 10C0 metres «nd 1.0 gremmes in the metric system. Attempts

are ooW belng mrde to euc urlue the adoption of tho Tex gystem iu which the oount
of yern 1is dofined as mrber of rammes weignt of a kiiometaer of y=ro. These
definitions of cuunt {mmedintely maxe it clear th.t w.atever the system of
yarn count foltowed thw datermination of count irvolves the welghlng ol long
lengths of ysro. In other woras whatever the syctam of recioning count, the
problem o[ count cortro) ie sssentinl y oue of coutrolliag the wveight of long
iengths of yarn; 8o that a discussi n of tne mothodology of count control with
referer.cae tuv une systen dues wt L1 any way restrist the genaralisnticn of ine
priwcifles ermnciated, ln the present proorl the Lngllish systenm of count has

been used, as this 1s t:» system almost exclusively follow d {n Indian mills,

Briefly stuted, ‘e of factive sontros of count consists of three steps 3
(1) assessing process capabllity, (11) improvicg this where possible, and
(131) specifying tolerance limive for routine check, The methodoiogy of count

control 1s cherefore bust discussed in terms of these steps,
sessi cess Capabilit

Any mass mamufacturing tecnnique has whst may be termed a process capability
{n terms cof the minimum dimeneional variability of the units, The process

cepability is generally determinped by the raw material variations, the level

(4)
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of technology incorpcrated in the sachines used for production, the mecha-
nieal condition of the machines and the competence of the plant personnel.
In the case of yarrn crunt the process capability is best measurad in tarms
the ovefficient of variation of the walght of leas (or of the ccunt of leas®),
The first ste; in 3etting u. count contiol 1s, therefore, t¢ determine the

coefficlent of varintion of les count, lo ring spindng, the yar: is delivered

ig the form of bob:ins, ench bobrin containing a mumier of leas., The leas from
one bobtin heve a commonality i the sense that they ars, 1. about 9C% or more
bobtins, spun from the same creel bobuin, The variation of lea count can be
therefore said to have two scurces, namely, varistion betweern leas within a
bobrin, and variation vetween bob iaus, It 18 in fect possible to identify
other sources of count vsriation such a: between machines, betweer duffings, and
between days., But » little reflaction will show thet trnese variabilities are
of a differ:nt nsture, For exsmple, with a giver fe.C hank, the averaye

count of twc mnchizes can be mada maa clo=e t. each other, and to the nominal,
as the gear wheels would permit. Once this is done, the doffing and daily
averages of couut cro agaln uu oo tr.lied to fairly ciose limits, On the uther

hand the vsriatic: in count of leas from the same bob in ceanot generally be

minimised by actiun on the ring fr=me itself. In fsct there is a minimum possible
1imit below which it is not poseible to reduce tte within-bobtin variability. The
asme is true of bob in to bohrin varisbility, It should be here emphasized,

that the between-bubiin variation almost invariably contributes a sutetantial

amount to the overall veriatis: in lea count. Ths 1imits of within - and between -
bobbin variability can, therefore, be ssid to define the rocess capabllity as

f-r ss c unt cuntrcl is concerned, In order to determine the within - and between -

bobbin count variaticn, a sultable mrber of boh.oins =are o llected every day

from each of the group of frames working on tne given count sc that over a period

¥ 1o the normal range of vaiues of lea weight and count, and for the type of
distribution applicsble to these, tne C.V. of 8 given set of lea weight values
is sepsibly the ssme as the C.V, of the cet of lea count vaiue derived from
the former.

(5)
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of about 10 days SC to €. bob~1ins have beer acrumulated, A sample of about

25 to 3. bobbins is ther .irawn from this lot and three consccutive leas are
tasted per bobtin, The d.ta are used to calculete the C.\. betwsen - aad within =
bob ins by carrying out a slmple analysis of sariance, (See Anpendix 1 for
{lustration . Tha observad valuss are comparal witn the norms availabla, If
aftar sllowing for sampling ecrors, tho observed viluss are higher than the
porm3, tne caugss for this are sought, “Xtens.uo mill yarn testing tn

A.T.I,K,A, hag shown tuat over the rawe of 28 to AUs count, satiifaclory
saluas for witnla-bob la and betwean=borbin C./.1s are 2.5% and 3,9%
respactisely. Wne. tho 5.7.'8 are estimatad by testing X leas from each of 30
bobiins, tha up e liwlts for the estimates can be considered as 2.9 and 3.8

roapechiraly for the w.thin-bobbin and betweon-dobbin SV, '8,

Improviog Witnin=Bgbblny Sount Jarlatlog

It may at first sigh® ap ear tnat the Jetection of the causes for high count
variation may nead a complete {nvostigatiun starting from raw material and golng
up to spiudle point. But lorical analysis and experie.ca basod on extensive
investigzatioug show tnat in & largs majority of cases tho causes of high withip=
bohbin or between-bob.:in count varlation are to be looked for in a fow specific
placns, In ordar to a~preciate this, let us ~\nstder three consecutlive leas
takes from a bobbin or carded yarn with drafts of 24 and 10 on riang and fiy
frames, and of 8 on each of two passages of drawing frames, Three consscutive
laeas from a bobbin would then corregpond to throe consecutive five=-yard wrapplngs
from an intermedinte bobiln; half=yard wrappings from finisher drawing; 3-1nch
pieces from breakar drawing; half-inch pleces from card sliver, With a draft of
100 on card tney would correspond % 0.005-inch pleces of blow room lap. Strictly
speaking, the one-to-one correspondence between the consecutive leas from 8

bobbin und the consecutive { ntermediate and drawing wrappings does ot apply

(8)
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st the card sliver and blow ruom stage - it is only from the breaker drawing

; stage onwards that the corresponding lengths can be sald to be faithfully
| drafted out linearly into leas of yarn, A littie reflection on the type of
mechanisms 1involved in the formation of laps (or in chute feed) and sliver
will show that there is nothlng in the blow room or ¢urd which can at thia
stage rontrol the wariability which can directly be responsible for variation

of lem count, Further, the doubling involved in drawing will greatly reduce the

effect of varinshillity of lap and card sliver on within-bobiin count variation,
These conslderations clearly show that lap and card sliver irregularity can not
directly influence within-bobt)in count varlation. There 1is the possibllity,
however, that other factors in blow room ind card which 1influence tne drafting
behaviour of cara sliver at draw frames may influence the variation of 3=inch
pleces of first head drawing sliver and subsequently the within-bobbin count
varistion. But data on count varistion of milis with good and bad carding, and
with verying rates of carding almest conclusively show that such differences do
not material’y affect the within-bobbln count variastion though they have a
profound effect on short term uniformity of yarn. The fact that carded and combed
yerns from the ssme mixings differ significantly in yarn uniformity but not in
wvithin-bobbin variation also lends support to thls argument. Similar considerations

establish that, for a given yarn count, raw material differences that can normally

be expected in practical mill situations can have very little effect on withine

S

bob.in count variation. Further, changes in the level of relative humidity
cannot be expected to influence withi: bobuin count variaetion. In fact, only

such extremes of rawv material or relative humidity which are likely to impair

the drav frame drafting considerably can have an appreciable affect on
within-bobbin count veriation; but such changes are not likely in practical

working, It nmust be mentioned here that in this discussion of within-bobbin

(7)
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veriation, consecutive thrae 1ass from a bobbin have been considered, But the

conclusions can he saen to be equally valid for leas takeo at random from &
bobbin 3 assuminy abcut 4¢ 1eas in a boboin, the total length of card sliver
{nvolvad Ls oniy 20 lnches, pad of blow room lap Ge® inchas; control of
variation of goa ler legrths (0.5 ineh in the case of card sliver and 0.005
jinches in tne ca=e of lap) within these lagths 1s hardly feasible, In other
words 1f ths within-bobbin count sarintion 1s founrd to be higher than the norm
the sauses are not to be 1o.xad for 1n tne rav material, iu the blow room or

in the card siiver.

The most important sinrle causs L€ witnin=bobbin couat varlation is defective
dr-w frame draft..ug, which intr.d.ces proavunced differeices in tho weight of
Z-inch pilanas of firat hoed 5iiar or 1d-inch plecas of finisher sliver. In the
case of c-rded sli ers proces el un 1d draw frames of tne 4-ovor=¢ roller
system uitn grad.ally inoressing ur~ t over tne zone3, slippage of the second
top roller is a prol.fic source of such itrregilarity. Cu suci drsrw fremes bottom
rollers wit: W r. Lt flutez, and ‘el ective sl atiag qti ¢ .3iderably to
tnis defect, [t is omvious that such a parlodic irregularity of high amolitude
in tuu bresker siiver wi.: result in a marxed variatio: 1n the welght of tnree-
inch pieces in tu- nraaker aliver and 1timately will rosult in high within-
bonoin coaat variati . Tne moadires sor eliminating roller siip aré @ (i) use
of bottom roliers - th bettar ad imoroved flutes (1i) wsvoiding the crowding

of fead aiivuers by tio .99 30 opacial traverse gaides and (1i1) t.e re-distribu=-
tion of the draft 1. tu- thr e zunes azcordly to the Shirley Institute
reacommenintions, uamoly Lbout .8 x 1,05 x rast, back to frontj;or the use of
Zover-3 rollar system with drafuo ot 1.0 x rest on tne firct nead, and

1,05 x rost 0. bov et hasd, AV Wit the Aabovs measures, increased
welghting on tho to. rollers of the order of 15 kg. per side and the use of

weight hooks of suitable desiga to en~mure the effectiveness of the weighting

(8)
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system als., help in avoiding roller slip. On modern drewing frames, which are

modified versions of the basic 3-ovor=3 system, the points to look for ere

whethar the s rings develo;r the stipulated pressure and whether .elght plas are

squaraly acting on the mllers, Where sacial fivre control systema such as
the Platts pressure bar or stail dimrmeter r llers ars providad, their functli ning

and positioning have to be correct,

Anoth r important cause of within=-boh: in eount varistion att~ibutable to
drawing is excessive web draft, The minimum workable wab dr-ft should be
employed, For comded counts, phasing (or the coming tugnthar) of piecing waves
should be avoldad by the use of sinrie zone Arafting or of a basically 3-ovor=3
system with s very low back-z0n9 draft of the order of 1,05, Excesslve creel

draft can also be a source of witnia=hHob i 2oun® varistioun,

Sometimas, the irre,ularity ot the comber slivar is itself high, In such cases

1t nceds to bo controlled by giving proper sttantion t. tne comboer,

The contributi n to within=boboln count varistior of fly framas can be from

two sources : irregulsr drafting ard irregilar stretchiig. UM these, the effect
of irregular draft is not much., This 18 hecause irregular drafting will latroe-
duce variabillity batwse. sma'l lengths of roving. Such varliability will be
aversged out in a S-yard plece of roving which roughly corresponds tu a lea of
yara. The effect of iriegular stretching cansed by improper regulation of bobuin
spead can introduce differances tn the welernt of roving over differ=nt layers

of roving bobbin., To the extent that differsat lens from a ring bob'in originate
from differint layers of the cra=l ruving bobbln, ther«fsre, the effect of
irregular stretch ca. affect the within-bonrin count variation. But the first
aud last lea of a ring bobhin is norma.ly separated by about 8 to 1C layars

of roving. Tnis means that irregul~r stretch at fly frame can affect within -

bobbln count veriation only if such irregularity is likely to introduce weight

(9)




yariation in consecutive 8 to 10 layers of roving. Cn old fly frames where

cone drums are used for ragulating the bob in speed this is just possible. Where

there is impruper ravching loadiag to either a gradual incrense or decroass

of rori-g tension, & corrasponding trend in the rovin weight is introduced ovar

the bobbin, goanerally Wwith a steap portion towards ths full bobbin or emply

bobrin stace. To tals axtant, thai, irreguiar streteh in fly frumes is 8

contributor to within-bob { eoun' veriati.n. Checking of intermedinte bobbins

for the prwssnca f duch traud is, tuarafore, necesscry when within-bob.in

count varistion i3 fuiat W ne very high,
On the rin» frime tne ssurces that nre likely to introduce within-bobbin count

vnariatlon are stretch botwsen creal and back roller, and irregular movemeat of

gs1f-4aighted back top rollers whore thess w«re precsent. The effact of these has

beo: founi to be an lacronss in tne within-bubbin C.V. from roving to yarn

by abwut (.5, whera this incre-se is mora thaa 0.5, it 1s worthwhile to iavesti-

~"

gate the cuiises,

Tablae I shows, by way of examyle, two instances where the within-bobbin count

variation was reduced by correctivo action at the draw frsme.

TARLE I
EFFECT ON WITHIN-BOBsIN COUNT VAKIATION

OF IMPROVING UKAW FRAM. DRAFTING

Within Can/bobbin C.V.% ! Case 1 Case 2

Stage "Cut Lenith(yds) B L S B " S \
FPinisher Drawing 5 . 3.3 2.5 6.8 2,7 —j
Slubbing 2 4.1 3.1 2.9 5.0 2.1 |
Intermedinte 10 3.9 2.7 2.2 4.5 .7 |
| king Frame 120 {Lea) S 2,2 2.7 A8 2.4 |

d i i
* Not observad

B : Before attention to draw fremes L 3 After overhauling and setting

S s After re-distributing drufts according to Shirley Institute racommendat ions.

(10)



t Varis

There sre mainly three sources which can cause the aver:ge count to vary from
one bobbin to another 3 (1) any difference in the average hank of one creel
bobbin to another (i1) any pr.nounced trend in the hank over a creel bobbin,
and (111) any difference in the effective draft from one spindle to another of

a group ring frames spinnlirg a glven count, These will now be counsidered,

Differences in tne averuge hank of Inter bobbins can originate from
differences in blow room lap weight over -uch long periods as are unlikely to

be evened out by subsequent doubling; draft (or waste) differences between
groups of cards, the slivers from which tend to get processed in isolation
without inter-doubling; similar differences at combers; hank udifferences betweem
draw frames, slivers from which tend to get channelized; draft differences
between fly frames; excessive hank differences between front and back row of
bobbins on fly fremes; marked trends in hank over a fly frame bobbin (see
exzmple in Table I1 ) csused by irregular bobbin speed conirol, This 1ist of
csuses lmmediately suggests also the remedies for high between-bobbin count

variation ; namely, control of blow room lap weight over intervals of half

days or so; ensuring uniformity of waste levels and drafts on cards and combers,

ensuring uniformity of draft over draw fremes and fly fremes; ensuring that
trends in the hank of intermediate over a bobbin are avoided; keeping the hank
difference between front and back r~w bobbins at s minimum level, and the
creeling of ring frames entirely with front or back row bobbins with a suitable
change in ring frame draft (or, where double creeling is used, of ensuring the

use of one front row and one back row bobbin from fly frames),




TABLE II

EXAMPL:sS OF TREWD IN WRAPPING WEIGHTS AT FLY FRAMES

Stage of Build inﬁBE of 10 ngiggrains)
Case 1 Case ¢
1 12C. 1 15C. 1
2 117.86 150, %
3 115.4 149,2
4 115,2 149.4
5 114.4 147.8
6 114.8 146,.€
7 114,32 146,1
8 | 114.2 144,§
9 E 114,72 | 147,31
10 i 112,4 L 141.2

Notes The doff was diviced 1nto ten equal stages,

and at each stage the avorage wrapplog

weight at that stage of build was determined

by weighing 10 wrapplngs.
At ring frames it is necessary to make sire that the draft constant of a group
of frames consiuersd identical be kept the same, Where this ic not possible
jt is necessary to maxe 3ure that suitsble pinions are used taking into account
the differences i draft constants, A peri.dic checking of the draft constants

to gsee that tuwsa =re as per recoriis 1s useful. Intermittent slippage of back

top rolls where these are of the self-weighted tyve have to be avuided.

Routipe Goptrol of Coupt

Once the within-toboln and between-bobbin coefficients of variation have been
brought down to the Jowest possible level, the next step is to establieh 8
suiteble procedure to eusure thst the nvorage count 1s maintained as close a8
possible to the standard or nominal count. For this, routlne wrapping checks

are necessary at the ring freme and at esrlier stages of processing. The

(12)
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melhode of esisblishing an sdequate programme for this wili now be discussed,
In establishing s routine wrapping progremme three questions are involved,
These are 3 (1) at what stages have wrappings to be checked (1i) how often
have wrappings to be checked and (11i) how many wrappings have to be checked

every time ?

The answers to the first two questions are in our experience as followss

In the blow room the mormal practice of weighing all the laps is a good one,
These data should be recorded or exhibited in such way as to bring out effective=
ly any pronounced trend, snd tc ensure thal hourly uveramges of lap weigint are

within the limits

2 x C.V, of Lap Weight

" Nominal +

VNo.of Laps Processed

Routine wrapping checks are not needed ai cards and combers, It is only necess=
ary to ensure uniformity of waste and mechanical draft on machines running the
same count. At drawing, wrapping checks asre better made every feur hours. Onm

fly fremes it is sufficient to ensure that the geared drafts of machines on the
same count are equal, If daily wrepping checks are in vogue, pinion changes
should be mede on the basis of proper limits, and the checks gradually discontie
nued as it becomes abvicus that with ths improved cuunl cunirul sysiem tnese
become unnecessary. In fact, exemination of mill records show that pinion
changes on fly frsmes are extremely rare. At the ring frame the present 8-hourly
checks which are commonly practised may be continued and the frequency reduced

to daily checks as more confidence is gained,

The number of wrappings taken at any given time needs to be such that unnecessary
pinion changes ara kept al s minimum and inai signiiicant nank cnanges are nvk
left uncorrected, It is a good practice to make sure that the probability of

making an unnecessary pimion change is 1 im 20; in other words, the probability

(18)




af an ohsarved average pank differing, solely due to sampling veriation, from

the nominal hank by an amount equal to the specified tolerance limit is

1 in 20, Similarly, it is good to make sure that only once in twenty times 1s
a real shift in tne averags hank by an amount equal to that correspcnding %o
one tooth of the plaion left undetected. It can be shown, that, if the percems
tage cnange in tank caused by one tooth of the pinion is K, then the number of

wrappings to be checked in a given test 1e glven by

- 13(cve)
KE

2 2
where, C,V.% refers to the over all .V, = \@V.uithin) + (C.V.between) ,

and 1t 1s assumed that o.ly one wrapoing per bobbinm (can) is tnaken. (The
statistical basis for this ¢.rmula 13 explained in Appendix I, Case 1.

The inspection plan tben rnduces to one of taking o wrappings, one from

esch of n bobbins or deliveries and maging & pinion change vhen and only whem

the average hank is beyend the t.leran.e 1imits of

Standard Deviation
"Nowinal Henk ¥ 1.96 ant 2 " .

v B

Ia drevwing, it 1s necessary tnat fremes asre lnspected individuelly, The
required pumber of wrappings is Laken from as many deliveries as possible.
Where the mumber of deliveries per frmme is less than the required number of
wreppings, the required numver of wrapping is taken nearly equally from the
aveilsble deliveries. In ring spinning, one bobbin per freme 1s drewn from as
many randomly chesen framee as the calculated number of wrappings. Where the
aumber of frmmes ls .e@38 tban the calculated mumber of wrappings, as many bobbls
as the required pumber of leas are collected nearly equally from tte fremes and
one lea per bobnin is tested. 1If for any resson it is found convenjent or
expedient to test Lwu loas per UULLLB, then, ln order to ansure that the two
aforesaid requiresects are met, the mumber of bobvins sampled should be

= % 2 (See Apperdix 11, Case 2), This moans that in this case 60% more leas

(14)
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have to be tested than when one lea per bobbir is taken, It is not asdvisable

to test more than two leas per bebbin,

In determining the average hank care must be taken to see that fluctuations
in relative humidity do mot introduce errors, In Indian mills, in a wrapping
room where no control is provided for relative humidity, the moisture regain
of yarn can differ by as much as 5% between a dry day and a day during monsoon,
A count of 208 maimtained at such uncontrolled humidities will, when tested in

e standard atmosphere of 70°F and 65% R.H,, result in counts of 19,63 and

20,56 respectively in summer and monsoon, In winter months the relative humidity
in the wrapping room may, in the absence of any control, differ by anything

upto 20% between morning and afterneon. The control of the atmosphere inside

the laborstory where wrapping weights are determined and the conditioning

of the ssmples before weighing are therefore important,
YARN UNIFORMITY

ssessment

Yarn uniformity is measured by electro-mechanical or electronic instruments,
The results are usually expressed as either the Percent Mean Deviation or

the percent Coefficient of Veriation - in short P,M.D, (or U%), or C,V.% , As
in count control, the basic technological considerations involved in uniformity
control remsin the same irrespective of the instrument used snd of the mode

of expression. In this paper, US as determined by a linear integrator attached
to the Uster Evenness Tester will be used as the measure of yarn uniformity,

as this is the measure used in most of the work done at A, T,I.B.A, Uster

Evenness Testers are in fact very widely wsed in mills also.
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In order to sssess the existing level of yarn upiformity it is first mecessary

to determine the aversge U{ of yarnm spun on a group of apparently similar ring
frames, creeled witn rovings obtained from compnrable preparatory ssquences.
From each of any such group of frames, an equal pumber of bobbina is collected
to make up r total of about 16, Where the pumber of frames in a group is more
then 16, one bubiln is tuxen from each of 16 randomly chosen fremes. One test
of US st a speed of 25 yds. per min., is taken per bobbin, foliowing the manue
facturers recommendation regarding checkling of callbration and operating
procedure. The averag® U% s then worked nut and compared witl the morms. Sueh
a nora is arrived at on the basis of inter-mill surveys or on past performance
when extensive data on similar yarns from competitors are not availsble. A
difference of 0,5% can be taken as indication of devination from the norm, and anY
difference of more than 1% calis for ipvestigation. The following teble gives
two sets of nmorms, ene set up by A.T.1.R.d, on the basis of annual surveys of
yarns from member mills, and the other set up by Uster en the basis of
international surveys.

TABLE II1

NORMS FOR IKREGULARITY OF WARP YARNS (U%)

Yarn Count LT.LR.A. Uster®
308 Carded 17.5 i8,2
308 Combed 16,0 12.0
283 Combed 18,0 12,5
40s Combed 15.0 12.8
708 Combed 15,0 14,5
100s Combed 18,0 15,5

1. These values refer to the averages of a number of
yarns tested from member mills of A, T.I.R.A.

2, 50% of yarns from all over the world atteinm U% ®0
good or better than these values.




R i

A comparison of thae two norms given in the table immediately shows thet,
except in the very fine counts, the A.T,I.R,A. values are much higher than the
corresponding Uster valuee. The reasons for this can be differences in the
follewing : 1) raw material, 2) level of sophistication of avallable
machinery, 3) condition of machinery and 4) processiag parameters employed,
In fact, whenever a mill finds that its yarn is more irregular than the norm,
thess are the causes It wili have to look into. A discussion of these will,
therefore, be taken up in order to mssess the relative importance of these
factors as was duue in tne case ot count variation, But before doing so, it
is better to briefly describe the three important types of irregularities,
because each type can be broadly related to certain aspects of rav material

and processing factora,

Classification of Yarn Irregnlarity

The total irregularity, or the variation in the velight of centimetre pieces
of yarn can be said to be made up of three basic types. These are

(1) irregularity of the type that does not exhibit any periodicity but is
of a random nature, (ii) irregularity of a markedly periodic nature and
(111) irregularity that t= in betwesn ths two, that is, lrreguiarity whieh

is not entirely random but has a discernible pattern,

Random Irregularity

Any continuous long length of yarn is composed of fibres which are themselves
of very short lengths., In a perfectly uniform yarm, therefore, the number of
fibres at any cross section suould be the same, and also, the weight per unit
length of the fibre should be the same over the length of a fiore and from

fibre to fibre. Now, cotton fiores obviously vary in weight per unit length,
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both within a fibre, and from fibre to fibre. Also, it is impossible to

assemble the fibrus into & yarn in such a way tnat their number remains the
seme at any cross-section over a length of yarm. The utmost that can be done is
to ensure that the variati n in the number of fibres per cross sect ion is the
barest minimum, This minimam possible variation s what would be expected if
the mumber «f fiores per =rcss section were t. foliow the Posison distribution,
The variability of weight per unlt length, botn within and betwean fibres, snd
the minimum concelvable variability in the number of fibres per cross ssction
in a yarm, together, set the minimum limit for yara trregqularity. This limit,

108
expressed as the goafficiant of variation is = , wnere N ls tue average

punber of fibras par cross gecti n, Given the y:(rn count, the average pumber
of fiuras per or-ss section is inversely proportionnl to the average fibre
weight. Boughly spsaking, the sverage pumber of flbres per cross section in &
yarn of C's cotton count 1is

15,000
C x misrogms/inch of fibre

The minimum sttainable C.Y.,of yarn is therefore

106 x \/C x microgms/inch
15,000

= 0,885 \/C x microgns/inch

The following tsble gives the minimum C.Y. of some ytrns, each spun from three
cettons differing in fibre weight.
TABLE IV

THEORETICAL MINIMUM IRREGULARITY OF YARNS

Yarn Count % C.Y, of Yaru Spun from Fibre of ]
(!E‘lilh) S mlcrogms/in.| 4 microgms/In. |5 microgms/in}
208 6.7 7.7 8.8
40s ¥.5 10.9 12,2
80s 15.4 15.5 17,9
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The above table brings out clearly the effect of spinning different counts of
yarn from cotton of given fibre weight, as well as that of spinning s given
count, from cottons differing in fibre weiysht, It is particularly to be noted that
an increase in flbre welight of 1 microgm/inch incrosses the minimum C.V, of 20s
yarn by 1%, of 40s yarn by 1,58 ard of 808 yarn by 2%. The effect of fibre veight
as a cotton characteristi~ determining the irregularity ef yarn is, therefore,
clear, It is, howevar, to be remembered that seldom do two cottons differ only

in fibre weight. In practice floer fibres are generally also longer, The
sombined effect of fineness and length on irregularity will naturaslly be more

than that anticipated here,

Periodic Irregularity

Drafting on the ring frame is carried out by means of rollers and aprons, where
the rollers are kept rotating by s traln of gears. Againm, roller drafting (with
er without aprons) is used extensively from drawing onwards for preparing the
roving. Now any deficiency in the rollers or gears, which is likely to come

in the way of constancy of roller speed, e«r which causes the distance between
roller nips or between apron and roller nips to vary, will naturally impair the
drafting of the material passing through. More particularly there are some fastors
which introduce thick and thin places st regular intervals in the asterial goirg
out or which csuse the ultimate yarn to exhibit irregularity of a periedic nature,
Exsmples of these are roller eccentricity at ring frame, roller vibration at fly
frame, roller slip at draw frame., It must be moted that a yaru which has an
acceptable UL may pessaibly exhibit Jefects such as a discernable barriness is the
fabrie, if the yarn had a sufficlently pronounced periodis component in its
irregularity. This is because the presence of a periodic irregularity may not e
and eoften does not - result in high UX, becsuse the contribution of other

components of irregularity is sufficiently low. In faet, fabrics made from yeras
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which have a feeble perlodic irregularity, but which are otherwise very regular,

can exhibit objectional patterns of thick and thin places.

There sre two characteristics of & periodic irregularity which are worth noting
(1) the amilitude and (1i) the wave Jength, The amplitude refers to the differenc
in weight Dbelweenr tne thickest or tne thinnest place and the average welght per
unit length. The smplitude is usually expressed ms a percentage of tne mean weigl
By wave lengin is mesnt the distance petwesen any two successive thick places, oF
pbetwean any iwo successive thin places. Other things belng comparable, tne wave
longth of » periodic irregularity tells us what type of defect the ysrn 18 likel
to give rise to and the amplitude how serious the uefect 1s 1ikely to be. The wa
length 1s also useful im tracing the gource of the perlodic irregularity. By
dividing the wave length by the drafts introducec onwards of any siage one can
gheck whelner tne particuiar stage 18 likely to be the cause of the periodic
irregularity in question. In carrying out the annlysis it must pe porne in mind
that any sccentric roller w 1l give rize to a perlodic irregularity of wave len
equal to tne roilaer circumferonce, Similarly, = feully gear will give rise to ¢
wave whose length will depend up.n 1its position in the train of gears used to
dr.ve the rolier, For exmample, pronounced per lodlic irregularity of tne order ©

% to 4 incnes in the yarn 1s most llkely to Dbe caused at thr front roll of the
ring frome itgelf. Waves with lengths exceading tae circumference of the back
roller on ring freme X ring {r-me drnft are unlikely to be caused by roller
defects on ine ring freme itself, There is, however, one exception to this gei
rule. Pronounced front rolier vioration in fly freme introduces periodie irre

of wave length luss tnan one ineh in the roving and finally shows up in yara
waves a few lncnes long. In general if ¢ 1s the frequency of vibration and

the dellivery in lnches per second of the front roller of the fly frame, tuen

v
wave length of tbe periodic irregularity will be 7 {nches in the roving.



ly .

ave

With e ring frame draft of d the wave length in yarn will be d x % .

There aie two methods avallanle for locsating periodic irregularities in yarm,
These are black-board tests and electronic wave length analysers provided as
Supplementary equipment witn evenness testers. Wave langths of the order of

5 to 5 inchaa ean ronvenlently be locatsd Ly winding he yarn on tapored black
boards, 12 inches long, and 6 inches and 10 inchas wide st the two sides. The
oxact length of the wav: Is given by nalf of wldth of the voard at the widdle

of any U=shaped patterm discernible. Wave lengths of & imches or more sre better

looked for with the help of electronic instruments like tne Uster Spectr greph,
Quasi-periodic Irregularity

In between the two extreme types of irregulmrity, namely random and periocdie,

is the quasi-periodie irregularity., Such irregularity is periodic but haa a
varying wave lsugth and amplitude so tuat it is just disc ~mible as periocdie,

The most important source of quamsi-perludie irregalarity im ring spup eot'om

yarn is irregular drafilag. In roller drafting, fibres which are mucu sherter
than the roiier nip-to-nlp disin.uce in »ny sone get pulled nut of turn by contact
with other fibres positiveiy gripped by tne forward roiier mip, and tnis results
in lengths of laternatively thick and thin yars, The length of the drafting wave
caused in amy one drafting depends upon the fibre leagth, the rolier setting and
the total draft, but for practieal paurposes it is accurate enmough to onnsider

the average wave l-ngth a8 2.5 tnches, The amplitude of the drafting wave depemde
upon the proportion of fibres which are shorter than tue nip to alp distapce,

the total craft, the rolier setting and tne degree of effeiliveness of fiure econtrol
in the drafting system. Fibre control 1s sought to ve introduced by preventiag
fibres free of the grip of back roller mip from accelerating to the forward roller
speed out of turn, but at the same time sliowlicg fibres positively gripped by the

forward roller aip to ve pulled by this mip, Given the rav materisl, the intensity
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of the drafting wave, therefore, dopends very much upon the efficiency in fibre

control achieved by the drufting system, Other exsmples of quasi-periodic
irregularities are the gtreteh waves introduced in the web at drawing, the

plecing waves tontroduced in combing.

Cauges of Yar: Irre-ularity

The briet <:scussicn of the lypes of Lrregularity hse alrendy highlighted the
sources of ysr. Liregulority, asrely, 1) raw material quality, 11) level of
sophistication of machirery, 1i1) suitability of the ~rocessing parsmeters

em;loyed and iv) condition of —achiuery. A more detalled ccnsiderstion will

now be give: tu these,
Raw Materisl ‘uality

The first co.atderation i the cholce of cotton for spinniag yern of a given

count 18 the end use for vhich the yarn is meant, Where the eud use requires

s minimum teuzlile streangth in the ysrn this will itself limit the cholice of

cotton. The second sorsiderstion in the cholce of cotton is the price that can be
reslised for the end product, Thus different mills meking poplins of specified
construction and yeru ccunt may use widely different cottons depending upon the
market in which they nare salling. Differences in relative costs of cotton and of
processing can alsc lead to different cottons peing used for the samo count of yerm.
Thus inferior cottons may be used to the extent that the resulting high end breakage
rate 1s permissible at the prevailing low machipe allocation made possible by a low
labour cost per hour. The difference noticed betweeu the Indien and the Uster norms
for yarns 11 the range of 308 to 4.8 1s to oe ascribed mainly to differences

{n cotton quality. For counts of 30s to 40s, Indien mills general. y use mixings
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very mueh inferior to those used in continental, American and British nills,

Even smong mills selling in the seme market, and therefore constrained to use
cottons of comparnble price, the quaiity of cotton itself can cause significant
differences in the irregularity of yarn, Table V illustrates the extent of
difference in yarn unevenness caused by diffarences in quality of cotiions which
are comparable in price,

TABLE V

QUALITY OF YARXS SPUN FROM COTTONS COMPARABLE IN PRICE

20S CARDED

Fibre Propertiss Yarn Quality

Cetton Price Effective|Mean | Short Bundle | Pineness| Uneven- Lea

Length | Length Fibres| Strength ness Strength
(o") Micro-

nkg, = " % g/tex gn/in, ug lbs

Digvijay| 5.00 26,8 21.8 | 12,2 45 4.1 15.8 67

L 147 4,95 28,4 20,2 | 27,5 40 3.9 17.6 59

Note i Length parameters from Baer Sorter Diagrams

The L 147 cotton which has more short fibres than the Digvijay cotton, gives a
substantially weaker and more irregular yarn than Digvijay eotton. The price of
these tvwo cottons, however, is almost the ssme when both crops come into the
market and sre readily svailable. The reason for L 147, which is veaker and less
uniform in the length, being priced at about the same level as Digvijay lies

in the fact that the cotton prices are greatly influenced by the effective

length of cottons,
Level of Sophistication of Machinery

It has already been pointed out earlier that the level of sophistication of
mschinery can cause substantis) differences in yarn unevemness. In seeking for

causes of high yarn unevenness the type of machinery avsilable has, therefore,
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to be kept in mind. The question that arises 1s what relative importance

should be given to machines in the various sections.

The total {rregularity 1ip the yarn ia made up of the random irregularity and
the pericdie and quasi-periodic irregularities. The latter nre introduced

in ring spinning as elso in earlier processes. The irregularities introduced
in proce ses prior to spinning are, howevur, drafted out into longer wave
lengths. 1t is mlso possible that under favourable sircumstances the vaves
jntroduced in any process are reduced in suplitude by the doubling in subsequen
processes. 1t might appear that a varlance analysis cen be carried out to
gstimate the ¢ ntribution of individual proces:@s to yarn irregularity. For

exsmplie tne auded variance at ring spinning could be thought of =as

Roving Variance

- - -—_—__g_______.——————“_""_-—-
= (Tarn Var Lence) Doubling in Ring Spinning .

Such an snalysis would show that the contribution of jrregularities {ntroducec
in processus prior to the f1y freme Lo yorn irregularity »re insignificant.
But such mD analysis is valid only for materials free of periodic irregularit
Secondly, the agsumpt ion implied in the sbove analysis that tpe added varlanc
{s independent of the loput variance is mot true, It has been demonstrated it
the rnte at which drafting adds {rregularity {s higher when the irregularity
the inputl material is high. Also, it is well-krown that some of the periodic
and quali-periodic irregularities {ntroduced at on® process can, under certs
eircumstances, pet re-inforced during subsequent drafting by tbe phenomenon
'phasing' or the comiig together of thick or thin places of the input mater:
Thus the gecond herd drawing sliver is often more uneven thap the first hea
sliver and the drav box sliver of & comber more unsven then the {ndivi‘ual
sliver. Again the contribution to ysarn 'irregularity' of processéd like blc

end cerd are not essentially through the upnevenness of the lap of the sliv
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view of these considerstions variance analysis is not a sufficiently reliasble
mevhod for assessing the contribution of individual processes to yarn
irregularity. Thie can better be assessed by considering how the machinery from
opening to ring spinning can affect yarn irregulsrity, and slsc by examining

empiricsl evidence,

In the blow room, the machinery is mainly expected to open the bmles, blend

the cotton from various bsles, clean the cotton of lmpurities, and present

it in the form of a shcet made of amall tufts, No attempt is made to individualise
the fibres. It can therefore be expected that the type of machinery in the blow
room will have very little impact on yarn irregularity as messured by the U%,

In fact, extensive experiments show that, over a frirly wide range, the
sequence, number and type of cleaning and opening points in the blow room do not
significantly effect the yarn irregularity, This is not to ssy that no progress
has been made in the design of the blow room machinery. The progress has been
mainly in improving the blending, opening, clesning and tuft formation and
possibly in minimising waste. But these improvements have not so far reached a
stage where they make a significant contribution to ysrn irregularity. The
sophistication of blow room machinery is, therefore, of no relevance in

looking for csuses of yarn irregularity. Table V1 illustrates this point.
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TABLE VI

EFFECT OF BLOW ROOM PROCESSING OM YARN QUALITY

T
Count ‘ Blow Koom Treatment | Unevenness Lea
(Cottom ) ! Strength
} 1, 4 lbe,
g Carded ‘ Rala Cottor nrenad hy hand 18,5 57,3
(RoA,Laxm!) ' hale Cottor twice opened on 8 18,9 57.9
.3 Biaded Beater
08 Cardad Biow Room No.1 1 & Benting Points 18,5 48,9
(Indimn L Hlow Hoow N-,?2 1 7 Reating Points 18,8 48,4
| Muxing)
'"20s ®Carded | Blow Reom Mo, ! 1 Ultra Clesner- 15,6 14,8%*
(American i Porcupine- Vltra
Middling) ' Clearer-Airstream
| Clenner
i Blow KRoom No.2 t Ultra Clesuer- 14,9 15,008
l Alrstream Cleaner

* Source t Platts Bulletin, Vol.11, Ho,$
** Break'ng Load, g/tex

Note : None of thase di{ferences is statistically significant

The msjor functi..ns of the card are cleasning, pear-individualisation of fibres
and delivering the material 1r = sliver form. Of these the funmctien of
individualisation, or tha carding proper, bas so far eluded instrumental
evelustion, But suffictent empirical evidence {s available to shov that em
conventioral cards, beyond a cartain levei of production the enrding actien 1s
impaired, and substantial imcresse in end bresks, some reduction in yarn strength
and a marginal increase in yarn irregularity, usually im that order, ensue, The
major bresk-through in carding bas been to raise tnis threshold level of produ=
etion to aaythbing upto ter times thnat of conveotionmal cards. Ia other words,
develcpments in carding have resulted in improving the earding officiency to
levels tnat are meeded to make tne higher outputs possible rather thas to improve
the carding efficiency at conventionel rates, To this extent, then, the type of

card again is not expected to contribute significsatly %o yarn SYORNDES,
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Combing aims primerily at removing a certain smount of short fibres, and at
parallelising and individualising, Incidentally, some neps and trash particles
are aleo removed. Here agsin modern developments have been directed towards
achieving higher speeds nnd minimising the loss of long fibres. As a result
convertional combers and new combers operating at their rated levels of
production give rise to yarns of compsrable evenness, Table VII glves results
typlcal of experiments conducted to study the effect of yarn quality or the
type of comber, conventionsl or modern,

TABLE VII

EFFECT OF TYPE OF COMBER ON YARN QUALITY

Characteristic Modern Conventional
Comber Comber

Fibre Mean Length, Lap - 20,7 20,7
Fibre Mean Length, Comber

Sliver ] 22,1 22,0
Yarn Irregularity ug 14,1 14,8
Lea Strength lbs 85,8 67.7
Single Thresd Strength gm/tex | 14.% 14.4

The drav frame is essentially meant to parallelise the fibres and to reduce
medium and long term irregularities present in the sliver fed to it. Modern
developments on drew frames have been concerned mainly with engineering
aspects, The consequent improvements have enabled the production to be
incressed to anything upto ten times that of eonventional draw fremes,
Admittedly, there have boem modifications to the drafting system also, but
these sre of a marginal nature as far as their effect on yarn irregularity is
concerned. In any cese old draw frames casn be comverted to the 2-overeZ,
3-over-% or Shirley drafting systems at very nominal costs, and the benefits
that would be obtained by using modern drafting systems can be realised to a
large extent, The drafting systems on fly and ring frames have been considerably
improved in the past five decades. Ecomomie considerations have ruled that

part of these improvements be aimed at increasing the level of draft in any ome
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stage with a resulting shortening of the sequence of mschinery after drawing.

Even so, a certain improvement has been achieved particularly in the ring
spinning. This nas annbled a definltely more regular yarn to be produced on a

modern top arm system than on any of its precursors.

Toc sum up then, a3 far asg yarn irregularity 1s concerned, the level of
sophistication of machinery is most important in ring spinning, somevhat so

in fly frame and to @ marginal extent in draving frames,
Processing Parameters

The foregoing discussion regarding the functions of the varlous machines in
spinning and their impact on yarn quality suggests thnt the processing pars-
meters that are likely to have sn impact on yarn irregularity are 3 production
rate and settings in carding in so far as these affect fibre separstion; level
of waste and productlion rate at combing to the extent these affect short fibre
removal and fivre parallelisstion; fly freme and ring frame drefts, Any search
for ceuses of high yarn irregulsrity ghould, therefore, include an assessment
of the correctness of these parameters. Besldes, the earlier discussion of the
importance of fibre eontrol brings out the need for checking the following
aspects ou fly and ring fremes also the break drafts, the spacers oOr plat-
forms that det.rmine the apace petween the aprons, the settings between rolleri

where these are variable end the twist in the ingoing material.

It sust be mentioned here that it is not possible to set umiversally applicabl
porme for all the parsmeters enumerated above. However, inter-mill comparisons
and empirical studies provide broad guide lines. & few key points may

therefore be digcussed by way of f{llustration.
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A.T.1.B.A.'s experience has shown that the following production rates are

reasonably safe for the following counts when processed on conventiomal flexible

fillet cards,

Warp Gount (Engligh) i8s 308 aUs 608

Reasonsble Carding Rate at 5.2
100% Efficiency (kgs) . 4,0 5.5

3.0

In particular instances, depending upon the condition of the card, slightly
higher or lowerer carding rates may be found optimum, In the case of cumbed
counts, with good combing, higher ecarding rates may be feasible, One of the
important experimental observations is that, in order to outain asmall incresses
in cerding rates, it is safer to lncrease the doffer speed keeping the sliver
hank unaltered, rather tham to make the hank coarser at the given doffer speed,
On cards converted to high production, the optimum ¢arding rate hss to ve
sxperimentally det:rmined and in doing so the permissible cylinder speed has

to be teken into econsiderstion. On new high production cards also the maximum

carding rate possibie in » given set up has to be ascertained by experiments,

The rate at which yarn irregulnarity decremses with increasing comber waste,

and the level of comber wnaste beyond whiech there is mo substantisl gain in
regularity (or in any other yarn quality), are both dependent on the fibre length
distribution of the cetton, Por oottons like Digvijey, with relatively uasiform
fibre length, the optimum ievel of comber waste is reached st relstively low
values of waste. For cottons like ISC 87 contaising s high percentage of short
fibres (defined as fibres shorter then helf the effective length), succeseive
imcresees in comber waste result im .mproved regularity of ysra. lo the ocese

of long etaple cottons like Gisa 45, however, inspite of a high percemtage of
short fibree successive incresses in comber waste do mot bring sbout e

sorrespending improvemest in the uniformity of yarn, This is malnly becsuse it
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gives typical resultes

THE EFFECT OF INCREASING

is sot useful to remove fibres

longer tham 12 wm - 15 mm,

of such experiments.

TABLE VIII

be defined as sbort fibres in the fibre array of leng

staple cottons,

COMBER WASTE ON YARN IRREGULARITY

even though they may

The nptimum levels nre pe-t determined by mill experimentstion. Table VIII

Cotton snd ¥ibre Properties Comber Uster
Counmt Waste % ), 3
E.L. - 27,6 8 14,0
Digvijay M.L. - 22.% 11 15.8
“;8:“) ((s.:. . % 12,5 14 12.8
;o L.
/2) 17 15,5
so r. ‘ 10.5
(¢ 12 m)
E.L. - 53,0 8 17,2
1SC 67 M.L. m 21.0 8 16.C
(Imdian ) S.F. 3 56,0 11 4.8
56s (¢ 8.L./2) 17 13,7
s.F. 4 27.8 22 18.5
(¢ 12m) 28 13,8
E.L. w 57.0 4 15,2
( Gi:; 45) M.L. an 26,5 8 14.¢
Egyptiam S.P. < 25,2 12 14.4
100s
(¢ E,L./2) 14 14,.F
s. P, g 9.4 19 14,2
(¢ 12 wm) 21 14.4

E.L. & Effective Lengthj

In combing, the

whea these sre very much avay from

M.L s Mean Length;

weignt per umit lengih o

time of entry and depth of top comb can

(s0)

have an affect en yarn irregularity,

the opiima,

S.P, 1 Short Fibre

f the lap, the feed per mip end the




The levels of total draft in fly snd ring frames beyond which ysrn irregularity
increases depend on the drafting system and the cotton. Extensive mill
experience is usually available to provide guide 1lines for choosing the total
drafts. But individual milles may have to experiment to arrive at the optimum

in terms of back zone draft and setting, aud apron spacing where these are
veriable. The general principle is to use the nsrrowest spacing thst gives
trouble-fre= working. Wnere the ingoing tuist is high the back zone setting is

made wider and incressed back draft is tried,

Optimum conditions for fly frame drafting should be arrived at by testi.g the
irregulsrity of not ovnly the roving but slso of the yarn., This is bccause

inst ances are known wherein large cnianges in the back draft on fly frame result
in substantial differencas in ysarn irregularity though not in roving

irregulerity,

One other important processing parsmeter is the relative humidity inside the
various sections of the spinning depertment. The 1limits of relative humidity
beyond which rcller drafting as well as the operations of csrding and combing

suffer sre waell known and these should not be exceeded,
Condition of Machinery

By condition of m~chinery is meant the relative state of fitness of the machinery
for carrying out the functions expected of it. In assessing the condition of a
card, for example, one examines the wire points. On the comber one locks at

the needles, on the draw frsme the flutes of rollers snd so on. The various
mechaniosl faults leading to specific drafting faults, and the arnalysis of the

contributions of the various processes to ysrn irregularity, suggest the
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following check-list for locating causes of high yarn irregularity:

Ring Frames : HRoiler Ecceantricity, Apron Condition, Top
Holler Weighting, Well Thickness of Cots

Fly Freme :+ Roller Eccentricity, Foller Vibretion,
Apron Condition

Drew Frsme : FRoller Cond't.on, Kol ler Slip

Comber : Condition of Needles, KEfficiency of Brush
Card : Condition of Wirs Points and Uniformity of
Settings.

Roller eccentricity, roller vitration and roller slip can be measured by
{nstruments developed by the Shirley Institute and front top roller veighting
on ring frames by the instrument developed by a.T.I.K,A, However, wmost other
sspects of machinery condition nave to be as.essed visually. The following
teble gives lnstances where differences in ons or other aspect of machinery
condition caused & significant difterence in yarn irregulnrity.

TABLE IX

EFFECT OF MACHINE CONDLTLON ON YARN QUALITY

Y
Machine Condition rn_Quallty
Count Unevenness | Lea
Ne Strength
ug losa,
Card Good 30s K 16,4 85.7
Poor 30s K 19,7 61.8
Card Good 30s C 13,4 72.7
] Poor 50s C 15.9 72.0
Comber I Good 308 C 17.0 85,0
N Poor 30s C 18,5 60,9
Capfed ; Good Hollers 30s C 15.8 -
Inter Vibrating
| Follers 30s C 16,7 -
E Good Top Rollers 288 K 16,8 55.8
Ring ' (Eces 0,002%)
Frames Bad Top Rollers | 288 K 18,1 51,2
(Eces 0.007")
K 1 Carded; C 1 Combed; Bec.t Eccemtricity
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CONTROL OF IMPERFECTIONS IN YARNS

The aontrol of yarm count variation and yarn irregularity discussed in the first
two parts of the paper represent the control of long and short term uniformity

of yarn. The steps outlined for the control of these two types of irreguiarities
vill generally also lead to a control of medium term and very long term
irregularity. Control of these yarn qualities, however, does oot imply a complete
sontrol of yarn uniformity, An aspect of yarn uniformity which sannot be measured
by the usual statistical indices of expressing variability i{s the incidencs of
imperfections and fsults in the yarn. Imperfections like thin places, thick
places and meps occur mmch more frsquently than faults such as slubs or bad
plecings. While the faults ecour ence im 3,000 a to 10,000 m, imperfections ean
occur even as often as once im a motre. Presence of faults and imperfeetions

ean lesd tu poor yarn and fabric smppearaace and presumably also tc difficulties
im processing, especislly on mitting mechines, Until recently mills did not

have suitrble equipment to determime the frequency of the incidence of faults

and therefore no quantitativs information is availsble rsgarding the relative
importance of various aspects of processing on the incidence of the faults,

In view of this, only the control of the level of imperfections in yarans 1is
explicitly dissussed below. Steps takea to control imperfections like thick and thia

places may also, to some extent, help to reduce the occurrence of slubs.

As im the case of yarn irregularity, the commonly used instrumeamt for determining
the extemt of occurreace of thin places, thick places and neps is an Uster
instrument; mamely, the Impsrfection Indicator. 3ince most of the experience
gathered at A.T,I.R.A, 1is based en testing with this instrument, all refersnces
to imperfeection in this part imply the use of Uatsr Imperfectioa Iadicator, The

sensitivity levels used vere ; -50% for thim places, 5 for thisk places and

5 for neps,

(88)



Techric al consideratioma suggest that fibre properties as vell ss procesaing

factora cen be important contributors to the imperfestions im yarus. The Uster
Masual on the other band, states tnat "For the frequency of thick places aa
well as of thin places, the influence of the Taw asterial is, however, of minor
impor tance, Principally, these values are {nfiwsnced by the processing of the
raw stock, particularly the ring spinning machine, On the other hand, the
sumber of neps ls {nfluenced to a large extent by the rav material wsed.”®
Investigations conducted at AT L. WA, to confirm vhether these observations
hold gnod under Indian conditlons of spinning pave indicated tnat both the
quality of ravw materi.al, as weil us the processiang, oan influence imperfections
in yaran. These differences in cnclusions about the relative effects of factors
on the lncidence of imperfections in yaro may bave resulted from the large
differences in the quality of mixings used for coarse and medium counta im
Indis aad Xurope, and also perhaps from aifferences in machinery and conditions

of mill working.

As in the case of yaram irregularity, therefore, the quality of the rev material
and the processea of carding, ocomblng and ring frmes are importast in ecuntrolle
ing the level of imperfections in yars. In edditlon to thia, the blew room
can sssume a place of importaace in controlling the imperfeotions in ysras,

particularly the nsps.

The fivre preperties sest likely to influemce the imperfectiona in yaras sre the
wsifermity of the fivre loagth, the preportion ef hslf-sature and immature
fibres, snd the amount of Lrash sontaived in the rav ocotton. Cotton mixings
which have & poor anifermity of fiore length, that 13, those whiah contain

more short fibres, give rise to more talck and thim places in yarms, ¥With
increasing proportios of ismature and Ralf mature fisres, the axtent of nep

formation durimg procesaing alse increases, Dirtler sottena de get cleamed
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more ia blow room as well as in cards, but evem 80, oftem leave more trash in the
finisher sliver thsn cleaner cottons. Trash particles get counted as meps on the

Uster Imperfect.on Counter,

The blow rom treatment can affect the nep oount on the Imperfection Indicator

in twc ways; through ereating more neps, which are essentially immature fibres
rolled into small balls, and through imsufficient cleaning, which would result

in more particles of foreign matter going into the yarn, Bot neps and the
particles of foreign matter are counted as ‘neps! by the Uster Imperfection
Iadicator, Kvidence has buen offered to show that the modern blow room systems
which achieve cleaning without recourse to severe beating, and then feed the cards
through shutes, may prove useful in improving tha appearance grade of the
resultaat yarn. Technologicaliy, the methods for keeping the nep foramation at s
ainimwm level and for improviag the cleaning efficiency of the blow room lime

are wvell kmown,

At the stage of earding, the impertant faetors to eontrol are the sharpness of
wire points and the closeness and uniformity of settings, especlally of the
setting between the eylinder and dol.er, Combing and better drafting at ring
frames consldersbly reduce the imperfections in yarms, As in the case of yara
irregulsrity, the redustion in yars imperfections with locreasing conber waste
depends en the nature of fibre length distribution snd on the sep count in card
sliver, The type of draftiag at ring fremes infiuences mainly the thick and thin
places, Data are givea in Table I to illustrate the effects of various factors

om lmperfections in yaras,
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TABLE X
INFLUENCE OF COTTON QUALITY AND PROCESSING

ON IMPERFECTIONS IN COTTON YARNS

30S COUNT
Pactor or Pactor Levels Imperfections/100 Metres
Machine Thin Thick Neps
Places Places
Cotton ; Digvijay (good) 10 27 ]
Quality | L 147 (poor) 19 62 91
1
Cards ! Good 15 359 44
Poor 30 88 76
" Carded 15 39 44
Combing Combed 3 16 14
Combed at 8/32" S.4. 4 16 85
Combed at 10/32" S.G. S 13 28
Ring . Top Arm Drafting 16 59 4
Frame i Conventional Double
Drafting | Apron Drafting 43 79 48
t

S.G. 3 Step Gauge

THE IMPORTANCE OF DIRKCT PROCESS CONTROL

From the foregoing discussion of the control of yarnm count, wniformity end
imperfections it is very clear that the caudes of poor performance are often

to be sought in processing parsmeters and mschinery condition. It is, then,
evident that rather than walting for test data to reveal the ueed for lo king
into these aspects, an inspection of the key parsmeters and wachinery conditiens
listed above should be made a useful routine, in fact thers are other reasons
which maske such am examination a very importent step in quality control in

spinning. Defects such as roller eceentricity, reller vibration, etc. ssmume
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fairly large magnitude in degree and extent before test data would reveal

their presence. Roultine inspection of machinery, on the other hand, helps im
locating such troubles at a very early stage even when the extent of the defect
is very mmall. It is mlso to be noted that inspection of machinery is useful

in detecting the causus of yarn faults like slubs, fly ete. which generally
occur st such long intervals as to be practically left undetected in the normal
imperfection tests, but which can significantly infiuence the performance of the

yarn in subsequent processss of winding, warping, sising, weaving or kmitting.
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1

Datas

APPENDIX I

CALCULATION OF BETWLEN-BOBBIN AND WITHIN-BOBBIN C.V.ts,

(ILLUSTRATIVE EXAMPLES)

Bobbin Lea Number
Kumber 1 2 3 Bobbin Total
(T)
1 28,0 26,0 28,4 78,4
2 27,3 28,2 26,8 82,3
] 28.0 27,4 27,4 a,8
4 28,0 28,4 27,8 82,0
5 26,7 27,0 28,9 80,6
] 25.9 2Te4 26.9 80,2
4 27,5 27,8 27.5 82,8
8 27.4 28,8 28,5 84,7
9 28,4 27,1 25,9 79.4
10 27,0 26,4 24,8 78,2
11 28,3 29,3 28,8 86.4
12 27,8 29,1 27,5 84,4
13 27,6 26,68 26,2 80,4
14 25,7 27,6 27.7 81.0
15 29.0 27.7 26.9 83,6
1¢ 21eb 27,8 28,0 80,8
17 28,2 25,7 25,5 77.4
18 29.8 27.8 28,2 85.8
19 24,7 26,1 26,8 77.8
20 23,2 25,7 24,1 71,0
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2,

2) Fdx T

%)

4)

5)

e)

Cslcoulations for Analysis of Variance 3

1) Find X 12 = (26.0)2+ (26.0}2+ (26.4)2

2
+(2703) 4 1600000000000 00000

+00..t-co

LR B BN B B “e o0 000

+ (25.2)2+ (23.7)2 + (24.1)2

-
-

43621, 18

131396, 78

Find ¢ T = 784 4% 8.2 & .vee #71,0

n

1619,€
a 2
Find total sum of squares z E1° - (£7T)

n

£ 43821,18 - 3&}‘“&‘\9

= 43821,18 = 43718,40

= 102,78
Find between-bobbln sum of squares

2 2
= £7° _ (27)

3 n
= 131390,78 . 2823104,18
3
= 43796,23 - 43718,40
= 78,53

Mnd within-bobbin sum of squares

= Total sum of squsres =

Between-bobbin sum of squares
= 102,78 = 78,53

I

24,25
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o

TABLE OF ANALYSIS OF VARIANCK

. Source Degrees of Sum of | Mean Sum of
Freedom Squares | Squares
!
Between-bobbins 19 78,65 | 4,1382
Betveen leas 40 24,25 | 0,6082
Within=-Bobbin |
Total 59 102,78 -

8. Calculation of Betveea- and Within-Bobbim C,V, tg,

Within-bobbin Variance

Mean within-bobbin sum of squares

0,6082

Between-bobbin VYariaace

Between-bobbin m.s.8, = Within-bobbin m,s.s
Rumber of isas tested per bobbia

E

Aversge = ——

26,993

Between-bobbin C,V,8 = tween-bobbin Var x 100

Average

100

dalli7
26, 993

= 4,02

= \V¥ithia-bobbla Varisnce ; 100
Average

=V9%.8082 ; 100

26. 993

Vithin-bobbin C.V.%

= 2,88
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APPRNDIX 1]

STATISYICAL BASIS FOR CALCULATING THE NWMBER
OF
WRAPPINGS Al TCLERANCE LIMITS

CASE 1 s Only eme wrapping per bobbim

Let A be the sctual wrapping veight

M be the mominal vrapping welght

2

s® the overall variance of wrapping veight

(Mote that overall varisnce = Between-Bobbin Yeriance
+ Within-Bobbin Veriemce)

K the percentage shange in wrapping veight brought about

by change of one tooth in pilnion
a the sumber of vrappimgs to be tested (taking one per bobbin)
Then the sampling planm ghould ensure that 3

(1) Vhen A =N, pinion 1s changed only once in 20 checks,

100+ K 100 - K
100 ) or waen A= M (™00 ),

(11) When A =N (
pinion 1s mot changed only once in 20 chesks,

The first econdition 18 fulfilled by setting the tolerance

limits for ssmple averagi as nt 1.%ﬁ: .

Bov when the actusl vrepping veight, A, is equal to

LL{%%LQ , the decision of mot changing the pinion will be

teken omly if the observed average veight is equal to or less
than M 4 1.:6;: _In order that the first half of the

.
secopd comdition 1s fulfilled, therefore,

L (100+K) - 165 = st be s N + 1,96 — ,
160 Vi -

where 1,645 is the lover §% point of a standerdised mormal
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T

CASE 2 3

distribution. Similarly for the secord half of the second conditiom
te bo fulfilled

M (100 - K) , 1,645 — st 2
= + 1. must be = N < 1, .
100 f— 1,0¢ - Both

these would lead to the equation,

|
R .
(1.645 + 1,960 ) = 100
n
or 2 = ﬂi.%%)_l x 100,
- (3,808)¢,V.
K
'd 2 2
vhence a = (5.605) (c.") - 13 x (co'4)
[2 ‘E

Tvo wrappings per bobbin

In ring spinning vhen the within= and betweem-bobbin C,V.'s
are at satisfactory lovels, the (between - C.V.)2 is roughly
1,6 x (vithin-C.V.)z* Now, the stsndard ervor of the average

Count determined by testing 2 leas from each of b bobblns is

’ )
=1,96 \/ Betwsen Yariance + Within Variance , vhich
» 2 x b

wader the above comditionm

_ o Within Veripnce . Witain Variamce
= L.06 f b Y 2xo

= 1.96 \/ 4 Within Variance
2

1,98 / 2 ¥ithin Terisnce
b

In order that the reguirements of the sampliag plan be met, this
stendard error should be equal to that of the average determined

by testing one lea per bobbia from each of =a sobbins,
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In other words,

A ..

Within V Overal) Variance
1.96 2 Wi hbn arisnce = 1.96 (] - c
i.e. \/2- Hith:n Variance - \/-Botuoon Variance 4 Within Variance
a3

= \/2.5 Within Veriance
n

2 2.5 n 4
i.e, — j-1 5.4 - 5= = _&D
Vi sys & Tt

A ssmpling plan in which two leas are tested from each of b bobbins can,

N

therefore, be considered equivalent to that in which one lea is tested from
each of m bobbins when b = %‘n. The total mumber of leas tested

in the first plan is 2b= 'gn. This is 60% more than the mumber of leas
tested in the second plan, namely m.
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