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Dr. Fronz PUCE~GC:r::l 
Chcnicfoscr J,cnzi:=ig AG 

JLUSt:"ir.l 

Quality-Control of lfon-~fade Fibres 

Princinlc or..c! HcthoC.s 

In many brancr_es of industry qu<::li ty-control of rm·: r:wtcric.il 

- coming in, and the products - goinG out in done by a siucle 

laboratory. For instance in a yarn S)inning plant mct~ods for 

testiDG the fibres to be processe~ are about the sa~e as methods 

for testing the yarns produced. Even part of the instrm'!lent~;; 

can be used for both purposes. 

In nwn -rr.adc-fibre-industry r:1atterc c;rc quite different. 

Rc:iw .mate..ciols ore chc:r.ice.ls and tested by nethods of cher:1istr·y. 

The fib!.'ef: produced arc tested by physical and textile oct:l:.oc.::. 

So to our bast kno~lcdce there is"no company of man ~nae fibre 

industry v:ho has only one laboratory for qual i.ty contrcl, te~;tinr.; 

o-f rn·:1 matcri::.:ls and fibre!"; Dhrnys bcin:; separated .. If ::ere \'!e 

are coi~G to sucnk about ~uolity control, ~c ~ill con:ine to tho 

fi1:.rcs bcinG proC.ucccl. 

The most ch:Jractcristic aspect of quality control of man mc:ide 

fibres is the diGproportion of amounts of fibres produced and 

fib~es tested. Even under optimal conditions, for every fibre 

being tested more than 10 billion of fibres GO by unnoticed. 

Therefore it is impossible to use te~t results obtuincd vd.th 

a sample to c;ive exact fir;urcr.; for the property of production 

where thir~ swnple wos token .from. Inforr.1ntion can be r;ntho:cc.d 

only in a r;tnticticnl m~:mncr, r-ayinc; the property is between 

given lirni ts \·d.th v cert~1in pro bn bili ty. This is the rea::.:on, 

why zo:nctimeG the term 11 stntir;ticol qunlity control" is bcj nc; 

U!>ecl. 
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Of cuu...c·sc, if tr~erc i:; ony grave tro11·01 c in nroduction, Gi vine; 

distinctly different results of testinc, this should b8 found 

even \·Ii th a sr.wll, none-representative sample, provided the 
sRmplc has been taken \·1hcn and \·1here the trouble did occur. 

There should be a close cooperation betucen mClnacemcnt of 
production and ~uality control to ensure extra samples to be 

taken and tested if there are <1ny production prob::i..ems. 
On the other side, quality control can give valuable infor~ation 
to production mana(Ser.1ent. Fibre properties eval11atcd by physical 

means of quality control do not necessary in every case give 

an itL~edia~e measure of the quality of fibres. For instance 
variations in tenacity of man made fibres do not necessary by 
themselves involve different quality. But step\·1ise increase or e decrease of teriacity docs indicate stpwise changes of the pro
duction process of fibres. Thi::, nay 10ad to problcss not at all 

related to tenacity, like with dyeing properties of fabrics, 

later on ~ade of those fibres. 
~o quality control should and can do ~ lot more t~aD keep mea
sured fibres properties ,,;i thin certain levels \·1hich the custosers 

want. It shoulC.. also help to have the fibr.e producing process 

running as snooth and undisturbed as possible. 

If anybodl 3pcaks of qu8lity con~rol, he thinks of testing and 
measuring. In fact, there are three steps of quality control, 

each of then equal inportant : 

1 e A. Sompling 
B. Testing and neasurin~ 

C. Evaluation 

We have to consider all of them. 

Ir,. most ca:::;es it v1ill be imposd.blc to take sumples of every 

uLit produced, say every bale or spool or box of spools. This 

would be by far to exp er: ra vc and is not nccc:::;cary with a 
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smooth runninc production. It also is not favourable to open 

reucly oadc p~!c~:aGCS or boles in order to take s3r.1plcs. 
fu it '·!OUld be best, to toke samples fror.i the end Of the produc
tionline at certain time intervals. It is reas6nablc to choose 
this intervals accordin3 to the ti:ne fibres take to advance 

from the spinning jet to the packaging machine. Dc..?~nding on 
the type of fibres mid process this '·Jill in many cc:?ses be cf 
the order of half an hour or an hour~ Even if onJ.y part of the 

t~sts are done on every sample or if not every sample is tested 
at all, it is reazonable to keep the ti~e pattern. In case of 

any trouble reported frora production line it allm·1s for additional 
tests dor.Lc \·!i th intcrziediate samples that have been kept. 
The logical consequcnc~ of usi~g a time pattern for sawpling is e the ar::o~nt Of \·IOrk for testing UOCS not depend on the capacity 
o:r production. It depends cnly on the speed o: production. 

Testin~ to evaluate a soall pilot plant takes the sa~e expense 
as testing for a large scale production running \.ii th the s; ":.1e 

speed.. 

In some of existins stnndards it is reqircd to make 11I!l.ixed 
sa:nples'' for testing pu:cpose by conbining fibre fron time·· 
pottern ser:iplcs say for a shift or a \-Jholc day. 
We cannot share this point of view. Imacine for instanc8 the 

cutting macLinc of 3 staple fibre production line '-ms out of 
order for about one hour. There will be t\-:o samples infected with 
~any lone fibres. Snmples before and after are in good order. 

By tcstinc ~ibre lcn~th it is possible to pin down the part of 
prod11ction to. be rcj ected. If there had been any mixed sample 

of the whole day it would be infected with long fibres and no 
possibili·~y to find their original concentration and tim~ of 

oriBin. If one wants to save working tirae in laborDtory it is 

by tar better to rcCucc work on each sample or to leave out 
some p~.ll't of r.:onpl (;r;, kccpinr; thcr.i for <1dC.i tion(ll tests dol' c 

only if I1eccsr.;nry. 

- J~ -



General rule~ ~hculd be 

B. Testin~ and measuring 
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Better tgke sBmp1cs more !rcqucnt 

than you want testing I 

Better do less testinr:; on more samples 1 

Do not manually :r.iix fibres of diff crent 

samples 1 (mixin~ should be done by 

computation using results) 

Testing for quality control is not a1'1ays confined to labora
tory me:suring. Somcti~es it is advantageous to process staple 
fibre to st2ple yarn or even to process filament yarn to knit
ware, both being done by prQduction type of nachinery out on 

very soall scale. Those tests give an indication of tbe manu
facturing properties of fibres being processed. They ccnnot 

be carried o~t on each sample taken, as this ~ould be to 
expensive. Some man-n.ade fibre companies make tests of manu
facturing properties on one sanple of ~ach consign..~ent, others 
are doing this tzst at ~cgular time intervals of great Qistance. 
This is sufficient as long as p.ri_y change in fib~"'e :oanufacturing 

··~recess is avoided. 

For certain laboratory tests Dn ~taplc fibre tops or slivers 
are being used. TLis preparation of samples mu.st also be done 

on small scale mcnuf acturinG machines like carding nachines 
for testing purpose. 

Part of the laboratory tests in principle can be done on sinsle 
fibres as well as on small collectives of fibres. So~c tests 
must necessary be c1o::ie ov. collectives of fibres. 3cne:r'nlly 
speaking if it is feasible to do the illcasuring on sin~le 
fibres this ~as to be preferred. 
Some authors claim testinc on collectives to be better on 

bch~lf of savinc; time. Th if> is an 0rror, as c:my time ~avin.g 

is combj.ncd with less information on fibres properties. In 

r.:1ost cnr;cs thcr1: is no time savinc; at all, af; we are c;oinc; 
to sec when spcokin~ obout titre. 

- 5 -
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It in impo!:::~:iblc to e;ive here r:wthodG •: f mcas1irinc all 
existinG and inportont properties of man-made fibres. 

The!.'eforc it \HlG nccessory to confine to a selection of 

important properties. 

a) E):ompleG for tests better to do on single fibres if 

possible 

1. Titre 

Titre is defined by the mass (or weight) of a specific 

length of fibres or yarn~ So sometimes it is called linear 
mass or linear weight. As most fibres are more or less 
crimped, the term "specific length" must be considered 
carefully. To remove the crimp, a suitable tension must 
be applied to the fibre or yarn. This tension depends on 
the amount of crir:ip and the titre of the fibre. it n:ust 
at first be found out experi~entically. The decrin~ing 
tension under w~ich the specific length is taken, therefore 
is necesscry to define titre. This is forgotten in rr.ost 
standards. Ii titre is measured usi~g diffc~ent ~cthods 
with different decrinpinr; tensions one cannot expect to 

g~t the same results. 
World\·1ide tlH:re are two syste:r.is in use for titre 
The tex syste:n 

·Titre (Tex) = 
grams 

1.000 met:ers 

(for single fibres it is better to use 
the subdivision deci te:~ or dtex) 

The denier system 

Titre (den) = grams ---
9. 000 m(!ters 

The rather new tex system is used in Europa, the older 

den system is still in use in many countrys, includin~ 
the United States. 

- 6 -
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A simple ccillputotion u~in~ the above definition Gives 

the real raeoninG of fibre titre. 

Titre = q • c q = square of mean fibre 

cross section 

c = specific mass of fibre 
material 

As the q.ccific mass ~s constant for a r;i ven polymer ar.d. 
does not differ much in any case for ir:iportant fibre 

forming polyners titre is a·. measure of the cross section 
or t~ickness of fibres. The great advanta5e of this definition 
lies in the fact it is independent of the shape of fibres 
cross section \·;hich is i.cregulai.' for rr.ost fibres. 

According to the definition a si~ple ~cthod to ~easure 
titre \·1ould be to tal:e a knm·m lenc;th of fibre being under 

the defining tension a~d put it on a balance. This is the 
aiopted procedure for CJll l:inds of filancnt J-"'3rns. The 
number of sin5le filaments in the yern is knO\·:n and so :It 

is pos::.;iblc to calculCJte tl:e titre of yarn, which in rrost 
- cases is as1~ed, and the mean value of titre of the sinslc 

filar.ients iorwing the yarn as \·1ell. 

\Then testing staple ;ibres matters arc different. It is 

nearly impossible to wei~~ single fibres of low titre 

with adequotc accu!:'acy. So sinGle fibres titre cannot 
be measured by balance method. To find the mean titre of 

a sample thcrefo!'e, it is useful to wciGh a whole bundle 
of fibres toGcther. The length of each fibre of the bundle, 

bcine under dcfininG tunEion, con be measured individually. 
Some people measure the bundles len~th toGcthcr. This ron 
e;ive bad accurncy, os it is ir.1possiblc to apply the dcfininc; 
tension to oll fi1Jrcs of the bundle at the same time. 

In::;tead of length mca;;urcment thc:ce cnn be mndc u~;c o:f 

a cuttin~ device to ~ain fibres of a definite lcnGth. In 

thir~ case olr;o it cmmot be :":'C•.:.omnended to cut the bundle 
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during cutti~g and this is scarcely possible for the 
whole bundle. 

The a:.iount of fibres in an bundle or the leng-f:;h of 

filament yarn to be put on the balnnce depend:; only on 
the accuracy and sensitivity of the balance in use. 

Measure~ent of the titre of i~dividual fibres is inportant 
for two reasons : 

To be able to calculate tnc frequency distribution curve 
of single fibres titre in a sa~ple. 

To allow for the titre o! each individual fibre \·:~1en using 
it for subsquent tt;sts, if there has been done no harr!l to tri•_~ 

fibres by titre measuring. 

The only instrument exis'.;ing to ::aeasure the titre of single 

fibres wit;i~out spoiling fibres, is the vibr'Jscope. 

In this instrument a certain lensth of vibre at the titre 

defining tension is vibrated at its natural frequency. The 
titre can be colculated using th0 fcrr:mla : 

wherein means 
T = Titre 

F ; Tension \applied and 
defininc; -, i tre) 

L = lencth of fibre 
vibrated 

v = frequency of vibrntion 

Modern instruments f~ature a direct rend-out of titre, mokinc 
calculations unnecessary. 

The advantage of measurinG titre of sin~le fibres con be 
seen on Fie;. 1. It shoi·JS single f ~bros ti trc freqLtcncy 
distribution curves of two sampJ.es. The ~reot diffc cnce 

in distribution could be cnincd in rcasonelblc time by no 
other mcar .. r;;. 

- n -
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The second Cldv:..:nt3GC \·1ill be dcr.tonstr~tcd \·Jhcn ~pcnking 

of the tensile test. 

In contrary to the balnnce ~ethod the nmount of fibres 

to be te~tcd depends only on the variance of the Gomple 

and of the precision required. 

The table belo·w shO\·JS the nu:r.ber of fibres, viscose 

staple,1,7 dtex to be tested in order to have the sane 
precision or confidence lL'!li GS compar:.nr; balance method 

and viuroscope. Both balance nnd vibroscope were of the 
make most in use, balance accuracy demands use of bundles 

4t of fibres of at least 50 each. 

.. . ·- : - : .. 
number of fibres to test 

with balance with vi bro scope 

150 ( 3 bundles) 20 

200 ( 4 _n_ ) 45 

300 ( 6 _11_ ) '100 

450 ( 9 _n_ ) 200 

600 (12 _11_ ) 300 

It takes by far less time t0 measure ~he amount of ;,inglc 
fibres ~ith vibroscope, than count fibres of bundles, cut 
or lenr;th-:i:casurc the p;reatcr arr_ount of fibres and \·:eic;h 

bundles, if one wants the Game precision of test. 

2. Tensile T0stin~ 

Yarn~· or fibres arE: fastened bct-.·:een clamps and stretched 
with a constant GI) Ced or rnte of cxtcn!;ion. In mo st coses 
stretchinc is carried on until the yarn or fibre sample 

ruptur·cr; 0 Buforc clcrnpin~ a ::.;m3ll force is applied in ordc:::

to remove crir:ip. The tcn~::i.on caus0d by this small force 

is called pretcn:-;ion. One of the clar.1ps is connected to 

- 9 -
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a force mc~1stir1nG device, the other is movable, motor-dri vcn, 

to all'H·l for the strctchint; tcl;:e place \·:i th tb.e desired ~peed. 

the moving cla::p is connected \·zith a length oensurine; device. 

l'iodcrn in::'.t:...·uf.lcnts fc0ture elsctronic devices for measuring 

both force and incrcuse of length. They sometimes also euploy 

an autocraphic recorder to give a curve representing the 

COIL'Tlcction of force and le11gth durinf5 the \·1ho:L1:; test. 

It is essential the cla~ping force should be constant and 

adjust3blc, cla:nps bein0 spri.ag loaded o:r- operated ty r:wgnetic fc::c-~

or corrrressed air. This ii:;; most important for fila::ient yarns 

in order to keep all filaments toccthcr and prevent slippage. 

Clamps with too high pressure give damage to fibres especially 

~ when testing sinGle fibres. 

-e 

Tensile tests give a lot of informutior., most important being 

the follo1·1inG 

·2.1. Breaking force and brcakin5 elongation. 

After havinr; stref_; scd a saraple until it ruptures, bot~l 

properties can be 13ained fr·o:n the instruw.ent i:r:rr.icieatcly. 

The dine;i.sion of brceking force is Centinev1ton ( cin, the 

suitable subeivision of the now world-wide used unit. For 

prbctical reosons Centine\·:ton can be cor:ipared 'l.·:i th sufficient 

occur,1cy 1-:i th the obsolete "pond" oder 11 gram force". Tnis 

ueans, a 'l.·1cic;ht of one groL'l acts upon its ba ~;e approxir:;atcly 

with the force of one Centincwton. 

Brcakins clon~ntion is always given as a percentage of the 

initial lenctt ~f the sa~plc. Initial length dcponds on 

stondnrd in use and type of fibre. For ynrns there is custo::inr;; 

500 millimeters, for staple fibre 20 millimeters. 

2.2. Force-cloncntion curve. 

lm in:.::trumcnt witL an autoc;r;:iphic recorder givc.s durinc; 

the tcGt for cnch cloncntion the respective force. This 

curve hos n welldcfincd end when tcstinc; sinclc fibres. 

- 10 -
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In a fil:i:ncnt y0rn cc:ch sinclc file brc<.il.!"; ot a £omew1wt 
difierent elons~tion. The resultinG curve, os sho~n in 
Fie. 2, ho~ nn cndi~G Goinc bock in fo::-cc usnin. It is 
custo:'.!<lry, to !:wk~ the point of hi~hest force end of 

curve. Tcstinc; part of the :Jinclc filc.mcnt£ of the y::.rn 
and givinG their respective forcc-clonGotion curve~ ~icht 
be better, but ns the yarn 0£: n v:hole is to be used, so::icti~cs 

the yorns curve r1ust be taken. 

2.3. Tenacity 

The ten<tcity is G.cfincd as breaking force of sarnp:e 
divided by its titre. The di~cnsion therefore ~ould be 

cN/dtex. In for:n.er tines, there hat been u£ed a menslAre 
for tenacity given by the lenGth of yarn or fibre that misht 
break under its m·:n wi[;ht. Those figures, call es "Kilo::ictcrs 
to brcake 11 arc <:1pp::-o:-:ir:wtcly the SDJle as tenacity neasurecl 
in cN/te~. This is the rea~on, why ooct standar~s use cN/tcx. 
This is most confusinG, ns titre is neosurcd in dtex, but 
it sec~s i~pocsiblc to do anything obout it. 

_ When the sa:nple is a fil~:ment y3rn, the titre of the ;> nrn 

has to be taken. ~hen the sa~plc is a sinGle filoucnt or 
staple fibre, the titre nust ncce~sary be taken of the 
sinc;le fibre to be tested. "In thi~ case the use of vibros

cope is e£sentiol. Some stendards ~eke use of titre ~eosurcd 
on different fibres, dividin~ the mean brea~ing force by 
. the .mc0n titre. This :pro ccdurc r _,nnot be reco:r.rncndccl. ~1!w 

con~cqu~nccs arc ba~ ~ccuracy and inpossibility to do 2ny 
stati~tic~l calculotinG ~ith test results. Fie. ~ sho~s 

strcss-stroin curves of eel lulor:;n mocfal fibres \·1ith <ind 

without alJ.owinc for the sinGlc fibres titre. The ~prcDd 

of curves usj.n~ mcon titru of the sample ~aincd on 
diffcrund fibres iGJDrger. 

The time con;.:u:nption to measure ti trc of cnch d.ncle fibre;; 
is to be ncclcctcd. It c;in be done durinc; the tcn:..;ilc tc~t 
of one fibre for tlic fibre nc:xt to be tc!::tcd uy the same 
pcr~on. In this cnsc the vibroncopc iG to be Gitu~tcd sj.dc 

- 11 -
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by side ui ti.1 the tensile tc.s"tinr; instrum~nt. I'I.->:1ern tcr:si Je 

testers allow for the titre to be adjusted at 3 lever of 

the instrument. 

2.4. Modulus 

Modulus is defined by t~8 fcrce per titre at a certain 

elongation. In co:nrnon use there are 2 or ~ percent elon

gation. Therefore the dincnsion of Modulus is c:r:T/tex/7~. 

As stated above, the use of vibroscope is necessary. 

2.5. Wet tests 

All properties stated above may be investigated in the 1·:et 

state as \·:ell. This is useful only 1:1ith fibres of hyc:?:·os

copic type. For all fibres of cellulosic waterial tenncity 

in the wet state and ~et modulus arc most important. 

b) Exm:iplc.s of tests that must be curried out using collec·~ives 
of fibres in any ca~e. 

1. Content o~ dsfectivc fibres 

There are not c:~istinG any generic nc;nes of such fibres. Eve!.'y

body is usi~s his own definitions and na~es. So at first ws 
also raust state i.·:hat with "defective" fibres to denote. 

It means all fibr2s of a small croup which are distinctly 

different f:ro~a the great quantity of fibres produced 1·:i t:i 

uniform sb:~pe. There r.re m8ny tyi;e:; of defective ficres 

depending on the fibrc2pinninG process. The mor.;t inport8nt 

can be arr1:mced in one of the follo\·linc croup.r;, ~::bot.·:n by 
drawings on Fig. ~. 

1.1. Btn<Hcr: of lone fibres ( l~ic;. l~a) 

They ore only po:~;:ible in :-.~t.:1ple fibre .samples. Th0,ir 

oric;in j~: :;01:icti1:1c;_; a rnulfu, (!;ioninc cut tine; L1.<Jcbir:c. 8or:ic

time::; tlicy oric;in by brenl:i11;; (.if fibres durin[; the .s'Lri:~tcniEL; 
proccr~;:. Here oJ. ::o v1hen .c:ub:;cc1uC'rt cuttin[j i~: done, pnr·t 

of fib:r'c:: (jain lc:n;::;th very dif fcrcnt frorr. Uic 11ormc:1l r.:toplc. 

- 12 :... 



- 12 -

Of cour~:c it is oh!ny:::: po~:....iblc to find sepnrnted sj DL~lc 

lon~ fibres ~ithin a Eamplc. To find the criGin, it is 

most uscf~l to co::1parc tl.:.c stress-strain cu::>.'Vcs cf nor"·1ol 
and lone fibres. They differ larc;ely if the stretcllin;; process 

is involved. 

1.2. Splinters :>r fibres adhering (Fig. 4b) 

In dry .spinninc process, 1·11::.en fibres a:ce still. stic}:y, they 

may be pu£hed tcGether by turbulence of s~inniLu bas. 

This rc.ay result in adhering of 0ne fibre to another or 

even sever~ fibres together. If they do not stick ver~ 

~uch, they may be seperated asain at stretchi.ng process. 
They also may be scpcratcd partly at th€ ends of staple 

after cutting. They ere found in filAment yarns es ~ell 

as in staple fibre. In ~et spinning process they arc le~s 

of a problem, us the spinning bath does not favol~r then. 

1.3. Thick fibres or ULstrctched fibres (Fig. 4c) 

The typical frequency clistributjon curve of a sawplcs single 

fibre titre con be calc~J2ted from vibroscope ~easurc~ent. 

There 3re al\·:ays ::ome ii1.Jrcs :'.ith titre fp,r above t:C.c end 

of this distribution, say ~ith a factor of threG or fife. 
T11e hir;h titre of thor:e fibres may l!ave its oric;in in 

variations of viscosity within the spinnin~ solution or 

melt, caused for instance by temperature variotions. In this 

case tl1c fibres hove about normal properties. The sccc::::cl 

:possibility of oric:i.n i:::, v!hcn sinsle filoi'.lsnts brc~!l:: at 
the spinning jct, due to small pieces of foreiGL mottcr 

or ~a~_; tubble~: \·1ithin the ;:;pinninG solution or melt. The 

broken filament!:; of courf>e are coMpletely un:::tretchcd. 

They differ very much from normal fibres in physical 
properties. In rn0~1y C<J!:;c;, ·;;hey arc so brittle t0 brcnJ:: 

from touch with pi.nc:rs. 

"'.LJ .• Splu::be:.; of spinninr; liquid (Ji'icr. '.Ja) 

Somctirner; the liq11id corninr; out of one dnt~le orifice 

j 

I 

I 

I 
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of ti:.c spinninc jct docs not form n filament. It nclhcr-c; 

to the: ::;u:r.:·f ut;e u.L Lhc ~;p.i.nnir.L, jct, forrninG a drop and 

at last becomes entanGlcd with fibres from ncichbouring 

orificcE, bcinc curried owoy with thee. Such drops or 

sploshc~ of spinnins liquid with adhering unstretched 

fibres arc :::n.orc frequently found in fibres .fror.i. wet 

spinnin0 process, than in dry spun fibres. 

All those t;ypes of defects are a severe dr·owback in quality 

of fibres production,esp~cially in ~taple fibre, As behind 

the cuttinG machine they are sprcnd over a ~ a1 ... ge volume of 

fibre. In fila~cnt yarn they can more easy be detccte~ and 

removed \·:be.n spoolinG. It r.mst be emphasized, that t!lc usual 

process of cardinG does not succeed in reCToving t~e~. In 

contrary only a ?cry s~all part of the larGest defects is 

found remaininc in the carding machines, most of them is at 

last found in ~he staple y8rn, resulting in bad yarn csality. 

In staple fibre pro~uction it is therefore of the greatrst 

importance to n~easure the cont ant of defective natter \'1i thin 

the fibre procuced for qucility control purpose. 

There nre t1·:0 possible np:::-oac:!'.:.cs to this ~roble:1 : 

1.5. Weich a s~2ll a~ount of the staple fibre and search it for 

defective fibres :na1.ually and visuvlly. This gives exact 

fiGurcs of nustcr of dcf cctive fibres per Gro!:1 of fibres. 

The proccclu:r.·e takes u long tir.ie, so tbo quantity of fibre 

to be tested must be small, say a few grams. The disadvantaccs 

of this ~ct~od therefore a~e the larse time consu~~tion, the 

small ar.10unt tcr.ted c:nd therefore bad reproducibility of 

test. C0ncidcrinc the oricin of defective fibre it is to 

be c:.<pccted they arc not at all equally distributed \·:i thin 

a r;ivcn sample. AdvuntoGe is, besides CT3inin~ .::ibnolutc correct 

values in principle, dcfccti·1c fibres mny be recovcrc to 

cx;o11!1inc tbcm \·Ji th a r.iicroscopc and establish their type 
on<l o:dc;in. 

-: 1 /j. -
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'L 6. H~ke a sli ve.r of sto.ple fibre only for tP.sti ns purp()r:e; 

wei[jh it, tGkinc about some hundred Grams. This sliver 
is stretched and spread with an instrument originally 

used to test ~livers. The moving fleece is visually 
inspected, a counter beinc; operated nanually every time 

a defectiv fibre can be seen. Advontace of this method 
is the sufficicLt aCTount of samples fibres to be tested. 
As the sliver is alv1nys movinc;, the tirr..e consw;iption is lm·1. 

Unfortunate \·:i th this method only a ve-ry small part of 
defects L:; detecteo. Th.is amount would increase, if the 
instruCTent \·Jere stoppeG. at ir..-i:;crval.s for inspection of 
fleece. In this case ti:-aecon.stL:'.ption \·:ould increase as 

well. For -;Jhe purpose of quality contrcl the exact absolute 

f . f d f _,_ . 1 ..... • t 11 ~ d • - t igu:re o e cc vs per \·:eic~·k.., is no rea y r.eeQe • .-111a -

one needs is a figure to compare \·Ji th si:!lilzr figures 
gained at different sa::n.ples. Th<:!t can be dor:e using this 

method, the result of test being called something like 
"figure of defective fibres". It must be stressed, this 

figure is only a prcportibnal value, but its repro~ucibility 
is rather good. When givinc; an estinatior. of the precision 
of this test one must consider it is the result of sane 

countins. In this case c:. repeated test \·:ould give a rem1l t 
withi::i li!'.lits a£ sho~·:n in Fig. 5 \·1itt. high probability. 
The mathematical la\·J used here for calculatinr:; the borders 

was made by Poisson. 

2. Tec:-.t s uni n~i: o tri ;;ti!"'.!ul u~: colori:-!otor 

Four most i~portant measurer.tents on fibres con be done using 
the sarr:.c instrur;wnt in principle. f ic;. 6 gives diac;r~m~; of 
hov.· it works. 

The sam11lc to :e tested is ilJ.1.uninntcd. Light beinc; throun 

back. by the sa!nplcr~ co1-ric:: infor:n;:1tion on the ;;a~.1plcs 

properties. It is analysed simu!toncnuG or step by ~tcp ucinc 
opticnl filters and p'r1otocclls. If the f'iltor~; hnvc r.:uitol>lc 
properties three an~ly~inG chonneln nre sufficient. The 

- 15 -
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output of p!:otoc12ll~ is '=''"'9lj :f:i en :-inn r:vnlu:1tcd u!;inr; n 

conputcr. It is e~s~nti<Jl to cive a smooth and flnt ~:ur f nee 

to the S8!1.plc. This can c<1sily be done \·!ith filoncnt yc:;r·n. 

it is ~ound en a scnll fl~t board using a spcciol ~ochine. 
Staple fibre ore either pressed to give a firm fcltlike 

cake, or they are mca~urcd pressed behind a plane of class. 

In this case, the influence of ~lass rau~t be taken care of 

by calibration or comp~tation. 

An instrur.ient of this type can be used for the tollm·;in5 · 

tests : 

2.1. Colour of spun dyec fibres 

In many cases, a colourin~ asent is added to the spinning

solution or even-r:iclt. Those pit;mcnts are i::nbcdded in t:he 

fibre processed, giving bricht colours very stable and 
li~ht resistent. Any deviation~ in colour of fibres cnn be 

seen as ~trips in c~r~cts mcdc of fila~cnt yarns or in 
fabric nade usir.g yarns made of £taple fib:!:'c of this type. 

So the requirc~cnts of accuracy of colouri~g nre very 
high. This can cnly be achieved by measurew.cnt. 

Usinc an instru~ent as dis~ribcd above each production 

sa:nple con be co;;ip:;rcc ~·1i th a stonderd f'c:r:iple, \:hich 
should be r::ade cf the sar.1C type of fitre er.cl colourir.c agent 

as in production. The evalu&ting com?utcr in t~is cnse can 

be pro~ru~~ed to cnlcul0tc the dif f crencc in colour of 

standard sa~plc end production sample. This ~ould be one 

figure only. The co~puter c~n do even more. If standnrd 
and production ~anplc differ, it i;. po~:;ible to stgtc 

ttc kind of di!ference, ~ay different brightncs~ of colour 

or too rnuch yellow ~or instance. 

2.2. Teet dyeing ~f fibres 

Mo~t fibre~ produced ro~-wbite arc dostined to be dyed 

later on, 3t the customer, ~s fibre~, y3rns, f~brjc~ 1 knit
vrnrc, or carpet:::. So tl1e dy~1bili ty of fibre~.'. rnus t be cxt:.r'cmcly 

const:rnt in order to [?tt~iin produc tr; \':i thout r;t:ripc~;. 

- 16 -
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Test.is dcr..c by usinc l:?bo:!'ato::!:'y type sm::ill tcst-dycin(j 
m3chinc.J. Fo:!:' testing purpose special dyes can be obtained, 
givinc; bad equality of dyes to cnlorc;e existing differences 

in fibres properties. 

Ia any case it is ncces2ary to use a fibre sa:r.iplc uith 

knm·m and correct dyabili ty. This standard sample is to 

be cor.1parcd i·:i th the production :::a~ple in question. 

Difference::; in dyability may in principle have tuo reasons 
Ei thcr· pa:-t of fibres tc1rn up. the dyestuff fester fro:n the 
bath then the rest, or the anount of dyest~ff taken fro~ . 

the bath is 0ifferent for part of fibres produced. So so~e

timcs it may be necessary to carry out two kinds of tests, 
if it is UIL'\.;:r,.m·:n h01·1 dif ferenccs in dyabili ty of r_;a:!lples 

originate. 

Fastness of dyestuff ·~ake up is tested by having standa!.'d 

sample and prod~ction ~a~ple in the same vessel of dye
bath, se~arated only by a grid of octal or plastic. 

Amount er' dyestuff taken by the fibre is tested by having 
standard sa@plc and production sample in different vessels, 
each containi:r:g the same type ~md concentr~tio:-1 of \~ye-batlJ.. 

In both kinds of test it is essential, to have t~c sane 

dyein~ conditions like te:::ipcr-Dture, pH and snlt conccntr8ticn 
for both stand or d sar.1ple and production sample • 

. When making the inst in different v~ssels, in principle it 
would be possible to measure the decrease of dye concen
tration in the bath· comp~1ring both sar:rplcs. This cnnnot 
be rcco:?r:ic:;.ndcd, as some fibres tal:::e up dye on their surf ace, 
other in the ~hole volu~c. Therefore it is by far b~tter, 
not to mcnsure the lj quid, but the fibre £nmple ofter dycin;:;. 
If there has been mode a test of fas~ncss this is the only 

means of rncasurinG in any case. 

Mcar;urinG i:; d~me as described nbove for spun dyecl fibres. 
The cor.1putcr in t!:.ic cose must be proc;rn:-:lmcd to r;ive 
diffcrcncu in colour only, as there is always the came 

colour of tJst-dye. 

- 17 -
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2.3. \·11~itcness 

• No 1:i01~-nadc fibre is real ·-Y 11 \-!hite". There al\·:nys is also 

-e 

a small amount of colour, mostly yellc .. , givinG the i:rpres

sion of reG.ucccl \·1hitencss. So, in princi:ple it mir;ht be 

best to trent 1·1hitc fibres in the same i.ianner as hns been 

described fc1r spun dyed fibres. llt least this is techni

c2lly feasi"t·lc. In practice most people prefer to use a 

"whiteness'' 5Cale bcin5 in coincidence with whiteness as 

seen when visually eva:ua~in5 the sample. So after measurins 

with the tristi•rmlus colorir:-i.eter the cor;.pu tcr gi vcs the 

whiteness as one figure calct<l3ted by a for~u.la fro;n the 

photo::i.eter out:pi.1t. It tm~t be en~p:C.asiz.ed, there arc several 

whiteness for~ulas in use, \'Ihich give sor:.e\·:hat different 

results. Al::oo the whiten~ss scale is an absolute one. There

fore use of a sta~~~rd sample of fibres is irr.possible. A 
whiteness standard is used instead, to be conpared with 

production sa~ples. As the w~iteness of this standard is 

as high as possible, t2~e difference of t~:is absolut fiQLre 

and the result obtained 1.-1ith the :production sarr:.:ple is rat:-Jcl ... 

hiBh. The ~hiteness of the sauple is given as percent of 

the stander~~ whitencsc,~2kes ~~de of macnesiumoxyde arc 

in use as ~~iteness standards. 

2.4. Fluorescence 

Most fibres contain optical bricbteners, used by intention 

to fake a better whiteness the fibre docs not posEess, or 

beinG in tl1c fibre unintention~lly as a defilement. In evc~y 

case it is necessary not only to measure the influence of 

fluoresccr!CC but also to sep:ffc.itc its fic;ures fror:i the 

oricinal w~itcness of fibre mat~er. As any fluorescence ic 

cau~ed by illuminction with short wavclcncth radintion, Goy 

ul traviolctt, the col1ffi~.10tcr :\.n this ca:;c mu~:t contnin a 

£.:ourcc of ~:uc:1 radiotion. Best \':ould be, to ur:c a lamp 

r;i vinG norrrwl lic;ht [ind UV licht eis well. A Y.enone lDl'!lp 

serfs this purpose hc;,t. With Dn additional optical fil tc:· 

:i.t is pocsiblc to :-iclr.1it and r.hut out the UV-port of the 

lic;ht. Usinc; the in~;trumcnt encl \·:hitcnc~;c-for!nula as 
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described for whiteness tc3t, there can be done two 

ocnsurc;ncnt~ on the sa:ne sa:::plc. 'rile first, U5ing only 

lieht of nor~ol vi~ual spectrum, Gives the ~hitencss of 

r:amplc \·:i thout cny fluore~;cence. T:ie second, usint; UV

~ ight in addition to normal li~ht, gives the whiteness 

cnlnrGcd by fluorescence, using the sn~e units of 

whitec.css for both properti.cs. The G.iffcrec.ce of mcnsu:re:wnt 

gives the effect of fluorescence alone. This is nost 

import<mt, a!'> one \·.·ants to l:E:e 9 both, the basic whi tencss 

as well as the fluorescence within limits. 

Tb ere ic al-..:ays the d~nt;e!', the production r..ianage::wnt riigtt 

ccmf Ensate for decrc~sing whiteness ~ith incrensing a~ount 

of optical brightener. This r.mst -not be allm·1cd, as it 

leads to unequol dyeing and stripes in a \·1hite fabric 

or kni t\·1ear \'!hen illu..'1.inated \'Ii th lic!:t containing so:r;.e 

ultroviolctt rc~i~tion. 

So a tristir:i.ulus colori::!eter equipped in suitable ::?iar.uit.:r 

and used in coobinnticn \·Jith a sawll ccnputcr is by far the 

most vahrnblc instrur:ient for quc:li ty control of all :r.ian 

m3de fibres. 

It ~os stated in chapter about samplinG to be b~st takin~ 

.~ sa~ples fro~ the en<l of proGuction line usi~g a tiCTc pzttern. 

ThiG does not menn, every property of fibres to im1 cstic;atc 

at coch SCJ:'.",ple. The tir:-.c intcr-.ral te:t\-!cen repcc.tinc the snnc 

kind of test dcp~ncs 011 the type of fibre one!. t:i8 requi:cc1:.ents 

of fibres application. When there are not problems of pro-

du t.tion the test of e-..rery property of fibres ::;houlc.l be 

repeated in reGulor time intervals, for instance titre 

every hour, tenacity every tl":rcc hours. 

Tb0 pri:nGry inforr:-.otion Cc.iinc:d fror.i ~nuplcs tested for every 

property i~~ tllc mcnn vnlue [1nd ~tvn'lnrd dcvintion .i.!' on 

every !;m:1plc !..:cvcrol rJCC'H;urcments hnvc been mc:ic.c. Thi~ i:; inck

pcndcnt of the kind of tc~t and if the tcstint hos b~cn 
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coll e:cti ve:: of fibre['. The str.ndo1·d G.cv:'.:::tion of rcpc~ tcd 

tc~tin~ ~:' ctin one samolc sh~ll be cnlled s • - - w 

When the production line is rum1inz sone ti~1c, \·!i th.out 

chon~ing ty11c of fibre rroduccd by intent, there nre a row 
of mc~n valucz and ~t~~dord devi3tions ~ithin E~nples. This 

i::; dc:10rn::tr<7:r.d in fig. 7. The ::>e<ili v<.1lucs ~f each s3;;:ple cnn 

be used to f01~ an o~crnll mean for the w~ole tise the type 

of fibre in que~tion is beinc produced. There also can be 
colculoted the stonC.0rc: C.cvi<1tion of the !!lean val '.les of [::G::1pl cs 

\o!i th respect to tbe overnll !:lcc.:i. This st3::i.~ard devi~tion 

beh1e811 rr.E:n::i values of sn!:lrlcs !::hall be cnlled sb. 

All this calcul2ticn~ Rrc easily 6one even using a snnll 

pocket c~lculator (~hich does not nean ~e reco~scnd usi~G 

pocket calculotors for qu3lity control, each calcul~tor in 

use should fc~ture a pri~t-out of every figu~e to allo~ for 
fincling errors). 

For e:!~h :-~~-~-:110 te~ted ar!.d every one of :properti - '""' the:r e 
f;hould be : 

<:nnro:-:i:natcl v. -- " 

As the st~nd~rd dcvi~tions thccselves have l~oits of cofifide~cc, 

exact co~pGri~on of both stnnd~rd deviations cnl~ can ~c done 

usinc a ccmputer end formulas of variance analysi~. 

e Gencrclly f;pe::!.:ins or:.1~ ccin f;r_!y' if Etan<l~rcl deviations !jb 

should be ccro, the~ the production i~ runnin~ stricht on 

r e,rrJ('Ct O&- -'·h,,, proncr·..._y l- nver-'·:i..· r:-·•tcd .' 1 <·o one c~n ,.J·,,tc• v ... J., ...i.. '-'·-\:" .._ .. L, •. 1.,., L;'·· ··• ... l.4....., c.; .-:;.>V,;. . . , 

standPr<l dcvi:ition \.; mu;;t oe a;~ !;moll as por;cihlc, to 

cnf_:urc t~,erc is li ttlc vuriDncc of the property invcf:t:i.cc:~tcd. 

Fie. 8 f;ho\1;; \·:hLJt is really b~ipr(;ninr:;. There r.:oy be a constant 

level of 1:1c:E1 vnluc~: of [;o:n_plcc (bot to!:~), but there i;. r:iuch 

v:n:ic1t:i.011 of :-; the str:nd~Jrd devi2tionr; indicntcd liy the 
\·J 

lcncth of dork lines. 

There rr.~1y be con!..'.tnnt \.,, bc:i nc; cvc:1 ruthcr ~;mnl ,_, but the 
J.c:vcl Of S<~r:1plc:.: mc<in V<1lucr; docs not ~o :~tricht (middle) 
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r;ivinc; ~~b l<~r[_;cr ·~ero. Most tine there \.:il1 be so~:1c !:mnll 
fluctuotion of s combined with fluctuiltions of the mc~n 

w 
level (top). 

An idc0l pro<2uction \·:ould e;ivc short d3rl~ lir:cs of the fj~l'H~ 

lcncth all ex~ctly on the sa~c level (not indicntcd). This 

\-1oulc'l rae:orn, ns ::;tatcc1 ~Ibove, a ::.:riwll ~\, combined \·:i th c... s-0 

ncvr cero. 

For qunlity control one wants to have li~its of tolcrsncc for 

every pr-opert;yr beir..3 i:r~port~nt. It must be stntcd thnt thor.c 

limits 3re only to be Given by the quality of the equip!::l.c:nt 

of production plont and of the efficiency of persor:s running 

the productio:1. This hos to be established. by m,..~nf.mre:ncnt of e propcrtic::: oi the product. Ko production !~anagcr or director 

is in a position to estoblish tolerances by ~l~hful thinkinG 
or considcri~c vhat customers dc~~nd; doi.nB co ~u~t lead to 

deseostcr ~o~e ti~e. If tolerance li~its estobli~~cc by 

.. e 

t .I:' :i .J.... .l t t . .('' .£.. 
men~urernen CL procuc~ior: uo no- ~ce spcc1~1cDu1ons of 

custo~crc or ~ishes of nGnaGc~ont, there only one i.s 

to r ;; ~one : Ir..1:provc tl:e proC-:uctio::'l r:i~chiner~'9 end pcr!wp~ 

.. tr2.1ning of proeuction personnel. 

Co} culaticn of li;.iit~; of tolcr<.;nce in 8 correct -:nathc::letic<il 

mnnncr i~ r~thcr co2plicGte~ •. ~ very si~ple ~et~o~ to give 
prclinin<>::'.'y lir::i ts \·!bic}:~ :iny l<:, tc::'.' te corrected by c:-:pcricnc0 

and ~re surfjcicnt in East c~sc~ ~orks as follo~s : 

":"' II~ve the p.rocuctior. run Hr: n;;ooth 2nd '.mdisturbcc aG 

:/O[·:r.::i bl c for a !.;pan of tirr.e t;y31ic~l for proC:uction period[:. 

- Mul:c tcf;ts in tine p<:ittcrn v:hich shall be adop i.-C:d lot er on. 

- Cnlcul:::tc for ec::ch ~:<:!!:plc !TI(!<.n value. 

- colculntc the overall mean for span of time con~idcrod 8nd 

r:t~na[ird dcvintion of !.Icon::: ::b. 

Toke double of thi ~; r;t:ind::ird deviation plus ~1nu rninur; 

fron ovcr[ill mcnn (~ ? ;.b) 0s prelir:i:i n:..iry J ir:iit[; of 

tolcr<mcc. 

- Rcpc;:.1t for e:!cl'l JH'.O.!."JCrty 1;o tc tc::.;tcd cind for every t;ypc 
of fil":rc to be prc<1uccd. Dj ffcrcnt [;ctt:i.n(j of r~richincry 

mc<in~; <1not1~(;r typr.. 
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Delete ~i.r1u 

production tlurinc ~p~n of time in con~idcr3tion. 

Evolu:1tio:!1 of tc:::ts rcsul ts i ~ ~:hovm -on Fis. 9. It is <1dvisoblc 

to drLJ~ ch~rts of this kind for every property t8stcd on~ 

in~ert t~c limits of toler~ncc for each type of fibre in 

productio!l. 

If the me~:n v:.luc of the sm:1i;le is t-!ith.in the li!1its of 

tolerance, nothing i~> to be cone. 

If th\;, mccn vt..lue of one isol<.~tecl sr:ir!1ple is o~td.c1 e of 

lil:ii ts, the test !il'..l~t be repeated. Hevcr use the totie · sanplc fc: · 

repetition. A nc:T:; scr:i_ple r::u_s1; be used ! If t:!'lc :r·i:!sul t ec2in 

1s outside of licits, pnrt of production is to be rejected. 

To _c!Jtobli~;h the :-:.r:-~cunt o~ productic:1 to be rej ccted, nore 

sar.!plc.s hc:vc to re '..:c:::ted, covcriq:; the ti:ne before and c:ftc:.~ 

the E2r::ple out sice of limits. 

If production is under control, the nnnaccnc:!'lt of ~reduction 

should kno~ there ~as some kind of trouble 3n~ ca~ help to 

pin c1o~·m the pc:rt cf !>rcc~:iction out of order. If the mccn 

vRlu es of a J:o 1:: of :::ucccedinG s~:iplc s ore out of lin::;._ ts, 

the whole part of production hes to be rcjcctee. In ..__, . 
vni.s 

case rcpetlLion of test as a r~le is u~necessary . 
. 

The follo~ing has to be consiecred carefully : 

- i;cvcr r(\ic:ct :-i"."t"·~.c n:".'od·1c:t:i.o!' u?1ib: l:i.\e 11~,li:;~: or f:D0(•1 :'. 

Q.Q..._£; rc·:1l t of ou~1J _: ~;v ccmt:-::"J.L unlC;Sf.> this ur_it Los been 

especially tested. 

prop~'1~tic~· clcrivcJ fr-o::-: r0.~·~-~Tts of n:;:~} ~i.tv cor:t:r.ol tc~:>tr; 

which took pl2cc ;:it; t:1c production ti1:ie of unit. This 

follo\-:s loc;icol~y from the f:;ct, rcr.:ul ts of tc:-.ts on r;;11~1_qles 

need not be Dnd in the ru1c.: ;ire not rc_prc~~cnt;.diivc of the 

\·1hole pr·o<.J11ction of t}1c tit:ic in quc::tion. 
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di ff err;r:-~ t:-i_:::cs cv·~:!; i_ '.' t'.-:rj 1' rC!3flC~ti-;c !"~!'ln1c:: h~ 1 vc 

given ~icil~r test results. 

- \·!11cncve-r> l'O:~sih1 e. "~"c~uct.5_on t:!'d ts havinE been produced 
one r1~t£:r :11-othr:!' :_-~_0ulc!. be ~: 1-il~ri0c_ toccther unlcr:s there 

has "Leen 3 trouble in production cad prcd.uction been 

rejected on behalf of a row of mean values being out of 
liI~its. 

It should be e~phasizcd th~t ncslecting of ebovc rules 

indicate a severe miEunderstanding of the ta~k nnd possibiliti2:: 
of quality control and are an abuse of this fine ir..strur1cr;.t • 

' 
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