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Dr. Pranz PUCLEZGCER
Chenicfascer Lienzing AG
Austria

Quzlity-Control of lian-ilade TFibres
Princinle and Methoés

In meny orancles of industry quzlity-ceontrol of raw materiszl

- coming in, and the procducts - going out is done by a single
laboratory. TFor instance in a yarn sdinning plant mcthods Ior
testing the fitres to be processed azre atout the same as methods
for testing the yarns produced. Even part of the instruments

czn be used for both purposes.

In man -made-fibre-industry natters esre quite different.

Raw materiols are chemicels ond tested by methode of chemistiry.
The fibreg produced erc tected by physical and textile methodlcz.
So to our best knowleige there is no compeny of man made fitre
industry vho Las only one leboratory for quality contrel, testing
of raw materizls ond fidbres alweys beins separated. If here ue
are going to spesk zbout gquelity control, we will conline to the
fitres being procduced.

The most characteristic aspect of quality control of man made
fibres is the dicproportion of amounts of fibres produced and
fibres tested. Even under optimal conditions, for every fibre
being tested more than 10 billion of fibres go by unnoticed.
Therefore it is imposscible to use test results obtained with
a sample to give exact figures for the property of production
where this sample was taken from. Information can be gathered
only in a statistical manner, saying the property is betwecen
given linits with a certain probability. This is the reaczon,
why sometimes the term "statistical quality control" is being
sed.




Of coursc, if there is any grave troudle in production, giving
distinctly diffcrent rcsults of testing, this should be Tound
even with a small, none-representativ sample, provided the
sample has been taken when and where the trouble did occur.
There should be a close cooperation betueen management of
production and guality control to ensurc extra samples to be
taken and tested if there are any production prob.ems.

On the other side, quality control can give valuable inforaation
to production managenent. Fibre properties evaluated by physical
means of quality control do mot necessary in every case give

an immediaie measure of the quality of fibres. For instance
variztions in tenacity of man made fibres do not necessary by
themseclves involve different quality. Bub stepwise increase Or
decrcase of tenacity does indicate stpwise changes of the pro-
duction process ofi fibres. Thirs nay lead to problems rot at all
related to tenacity, like with dyeing properties of fabrics,
later on made of those fibres.

So quality control should and can do a lot more than keep mea-
sured fibres propertics within certain levels which the custoners
want. It shoulé also help to have the fibre producing process
running as smooth and undisturbed as possible.

If anybody speaks of quality control, he thinks of testing and
measuring. In fact, there are three steps of quality control,
each of then equal important :

A. Sampling
B. Testing and neasuring
C. Evaluation

Ve have to consider all of them.

A. Saopling
Tr. most cases it will be impossible to take suniples of every
ur.it produced, say every bale or spool or box of spools. Thig
would be by far to cxpersive and is not necessary with a
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smooth running production. It also is not favourable to open
ready made pacizages or bales in order to take sanples.
Soit would be best, to take samples from the end of the produc-
tionline at certain time intervale. It is reasonable to choose
this intervals according to the time fibres take to advance
from the spinning jet to the packaging machine. Depending on
the type of fibres and process this will in many ceses be cf
the order of half an hour or an hour. Even if only part of the
tests are donc on every sample or if not every sample is tested
at all, it is reasonzble to kecp the time pattern. In case of
any trouble rcported from production line it allous for additional
tests done with intermediate semples that have been kept.
The logical consequerce of usinrg a time pattern for sampling is
‘. the amcunt of work for testing does not depend on the capacity
of production. It depends cnly on the speed ol production.
Testing to evaluate a cmall pilet plant takes the same expense
as testing for a lerge scele production running with the srme
speca.

In some of existing stendards it is reqired to make "mixed

samples”

for testing purpose by combining fibre from time--
pattern sempies say for a shift or a wholec day.
We cannot share this point of view. Imagine for instence the
cutting machine of a staple fibre production line was out of
order for about one hour. There will be two samples infected with

‘ many long fibres. Samples before and after are in good order.
By testing fibre length it is possible to pin down the part of
production to be rcjected. If there had been any mixed sample
of the whole dey it would be infected with long fibres and no
possibility to find their original concentration and time of
origin. If one wants to save working time in laboratory it is
by Tar better to reduce work on cach sample or to leave out
soine part of camplecs, kceping them for additional tests dore
only if nccessary.

-4 -




< chould be : Better take samples more freaquent
than you want testing !
Better do less testing on more samples !
Do not manuzlly mix fitres of different
samples ! (mixing should be donec by
conmputation using results)

Testine and measuring

Testing for quality control is not alvays confined to labora-
tory mecsuring. Sometimes it is advantageous to process staple
fibre to stzple yarn or even to process filament yarn to knit-
ware, both being done by production type of machinery but on
very smnell scale. Those tests give an indication of the manu-
facturing proverties ¢f fibres being processed. They cznnot

be carried out on each szmple tgken, s this would be to
expensive. Some man-nade fibre companies make tests o manu-
facturing propertiecs on one cample of each consignment, others
are doing this test at rcgular time intervals of greet daistance.
This is sufficient as long as any change in fibire manufacturing

‘process is avoided.

For certain laborestory tests on steple fibre tops or slivers
are being used. Ti:is preparetion of samples must also be done
on small scale meznufacturing machines like czrding machines
for testing purpose.

Part of the laboratory tests in principle can be done on single
fibres as well as on small collectives of fibres. Somc tests
must necessary be done orn collectivec of fibres. Generally
speaking if it is feasible to do the measuring on single

fibres this has to be prefcrred.

Some authors clzim testing on collectives to be better on
behalf of saving time. This is an crror, as any time caving

is combincd with less informatlicn on fibres propertics. In
nmost cascs there is no time saving at all, as we are going

to see when speuking about titre.




It is impocsible to give here methods «f measuring all

existing and important propertics of man-made fibres.

Thercfore it was ncccssary to confine to a selection of

important propcrties.

a) Examples for tests better to do on single fibres if

1.

possible
Titre

Titre is defined by the mass (or weight) of a specific
length of fibres or yern. 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 crimp and the titre of the fibre. it rust

at first be found out experimenticzlly. The decrimpirng
tension under wkich the specific length is taken, threrefore
is necessery to define titre. This is forgotten in most
standerds. IT titre is measured using different methods
with different decrinping tensions one cannct expect to

- get the same results.

Vorldwide tiiere are two systems in use for titre :
The tex system

gramns
‘Titre (Tex) =

. 1.000 meters
(for single fibres it is better to use
the subdivision decitex or dtex)

The denier csystem

Titre (den) = BL&M3 __
9.000 mcters
The rather new tex system is used in Europa, the older
den system is still in use in many countrys, including
the United States.

-
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A simple ccmputation using the above definition gives
the rcal meaning of fibre titre.

Titre = q . ¢ qQ = squarc of mean fibre
cross section
¢ = specific mass of fibre

material

As the gecific mass is constant for a given polymer ard

does not differ much in any case for important fibre

forming polymers titre is a. measure of the crocss section

or thickness of fibres. The great advantage of this definivion
lies in the fact it is indepcndent of the shape of fibres
cross section which is irregular for most fibres.

According to the definition a simple method to measure
titre would te to take a known length of fibtre being under
the defining tension and put it on a valance. This is the
adopted procedure for 2ll kinds of filament grns. The
numnber of single filaments in the yezrn is knowun znd so i
is possible to calculate the titre of yarn, whicn in most
cases is asked, and the mean value of titre of the sirgle
filaments forning the yarn as well.

When testing staple fibres matters are different. It is
nearly impossible to weigh single fibres of low titre

with adequste accuracy. So single fibres titre cannot

be measured by balonce nethod. To find the mean titre of

a sample therefore, it is useful to weigh a whole bundle
of fibres together. The lengtb of each fibre of the bundle,
being under defining tension, can be measured individually.
Somc pcople measure the bundles length together. This con
give bad accuracy, as it is impossiblce to apply the defining
tencion Lo all fibres of the bundle at the same time.
Instead of length mecasurcment there can be made use of

a cutbting device to gain fibres of a definite length. In
this casc also it cannot be rwecommended to cut the bundle




of fibres us a whole. Defining Lension wmust be applled
during cutting snd this is scarcely possible for the
whole bundle.

The amount of fibie¢s in an bundle or the length of
filament yern to be put on the balance depends only on
the accuracy and sensitivity of the balance in use.

Measurenent of the titre of individual fibres is inportant
for two reasons :

To bc able to calculaté the frequency distribution curve
of single fibres titre in 2 sazmple.

To allow for the titre of each individual fibre when using
it for subsquent tests, if there has been done no harm to the
fibres by titre measuring.

The only instrument existing to measure the titre of single
fibres without spoiling fidres, is the vibroscope.
In this instrument a certain length of vibre at the titre

defining tension is vibrated zt its natural frequency. The

. titre can be calculated using the fermula :

whereiln means :
T = Titre
F = Tencion (applied and

=

i
]
|

™)

defining itre)

g
1

= length of fibre
vibrated
v = frequency of vibration

Modern instruments feoature a direct read-out of titre, making
calculations unneccessary.

The advantage of measuring titre of sincle fibres con be
scen on Fig. 1. It shows single flbres titre frequency
distribution curves of two samplec. Thc great diffc ence
in distribution could be goined in reasonable fime by no
other meawns.
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The second adventage will be demonstreted when cpeaking
of the tensile test. '

In contrary to thec balance method the amount of fibres
to be tested depends only on the variance of the sample
and of the precision required.

The table below shows the nurber of fibres, viscose
starle,1,7 dtex to be tested in order to have the sezne
precision or confidcnce limiss comparing balance method
and vivroscope. Both bzlance and vibroscope viere of the

make most in use, balance accuracy demands use of bundles
of fibres of at least 50 each. '

.- - . number of fibres to test

with balance with vibroscope é
150 ( % bundles) 20 f
200 ( &4 -Te ) 45 ?
300 (€ ~"-) 100 | |
450 (9 ~"-) 200 ?
600 (12 ~"-) 200

It takes by far less time to meacure she amount of single
fibres with vibroccope, than count fibres of bundles, cut
or length-measure the greater zmount of fibres znd weigh
bundles, if one wante the sazme precision of tect.

Tensile Testing

Yarne or fibres azre factencd between clamps and stretched
with a constant gspeed or rate of extension. In most caces
stretching is carried on until the yarn or fibre samplc
rupturcs,cfore cleuping a ¢mall force is applied in order
to remove crimp. The tension caused by this small force

is calicd pretension. One of the clamps is connectced to

-9 -
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a force measuring éevice, the other is movable, motor-driven,
to allow for the stretching teke placce with the desired cpeed.
the moving clarp is connected with a length measuring device.
Modern inctiuments feature elcctronic devices for measuring
both force znd incrcazse of length. They sometimes a2lso employ
an autographic recorder to give a curve representing the
conncction of force and leugth during the whole test.

It is essentizl the clamping force should be constant and

adjustaeble, clamps being spriag loacded or coperated ty nagnetic fexee

or cornrrecceé air. This is most important for filament yarns

in order to keep all filaments together and prevent slippage.

Clamps with too high prescsure give damage to fibres especiezlly
'. when testing single fibres.

Tensile tests give a lot of informatior, most important being
the following :

2.1. Breesking force and brezking elongation.

After heving stressed a sample until it ruptures, both
‘ propertiecs can be geined from the instrument izmideately.

The dimension of brezsking force is Centinewton (c¢X), the
suitable subdivision of the now world-wide used unit. For
practical ressons Centinewton can be conpared with sufficient
accuracy with the obsolete "pond" oder "gram force". Tais

' ncans, a weight of one gram acts upon its base epproximately
with the force of one Centinewton.

Breaking clongation is alweys given as a percentage of the
initial lengtr of the sanple. Initisl length cepends on
standard in use and type of fibre. For yarns there 1is custonary
500 millinmeters, for staple fibre 20 millimeters.

2.2. Force-clongation curve.
An inctrument with an autographic recorder gives during
the tcst for each clongation the recspective force. Thig
curve has a welldcfined end when testing single fibres.

- 10 -
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In 2 filoament yarn eoch single file breaks at a comewhat
difrerent elongation. The resulting curve, as shown in
Fig., 2, has an ending going back in force again. It is
custonary, to mske the point of highecst force end of
curve. Testing part of the single filaments of the yarn
and giving their recspective force-clongotion curves might

the yarns curve nmust be taken.

Tenacity

The tenacity is cefined es breaking force of sample

divided by its titrc. The dimension thkerefore would te
cN/dtex. In former times, there hat been usced 2 messure

for tenascity given by the length of yern or fibre that might
break under its own wight. Those figures, calles "Kilozeters

to breake re epproximetely the same s tenzcity messured

a
in c¢¥/tex. This is the reacon, why moct standards use cil/tex.

This is most confusing, as titre is measured in dtex, but
it secms impocsible to do enything about it.

Vhen the sample is e fileément yarn, the titre of the jern
has to be taken. “When the semple is a2 single filenent or
staple fitre, tkhe titre must neccessery bve tzken of the
single fibtre to be tested. In thic casc the use of vibros-
cope 1s ecsentizl. Sonme stendards maeke use of titre measurcs
on different fibres, dividing the mean bresking force by

‘the meen titre. This procedure 7 .nnot be recommended. The

concequences are bad accuracy and impossibility to do any
statisticael celculating with test results. Fig. 7 shows
stress-ctrain curves of cellulose modal fibres with and
without allowing for the single fibres titre. The gpread

of curves ucing meon titre of the sample gaincd on
diffcrend fibres iglarger.

The time concumption to mcasure titre of each single fibres
is to be neglected. It can be done during the tensile test
of onc fibre¢ for the fibre next to be tested by the same
percon. In this case tlic vibroscope is Lo be cituated side

- 11 -
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by side with the tensile testing instrument. Molern terngile
testerc allow for the titre to be adjusted at 2 lever of
the instrument.

2.4. Modulus

Modulus is defined by the ferce per titre at a certain
elongation. In common use there are 2 or © percent elon-

gation. Therefore the dimension of Modulus is cli/tex/%.
As stated zbove, the use of vibroscope is necessary.

'2.5. Vet tests
A1l properties statcd above may be investigated in the vet
. state as well. This is useful only with fibtres of hygros-—
copic type. For all fibres of cellulosic material tenzcity
in the wet state and et modulus are moct inportant.

b) Exemples of tests that must be carried out using collectives
of fibres in any cace.

1. Content of defective fitres

There are not existing any generic nesmes of such fibres. Every-
boay is usirg his own definitions and nemes. So at first we
also nust state what with "defective" fibres to denote.

. It means all fibres of a small group which are distinctly
“' different fron the great quantity of fibres produced with
uniform shepe. There are meny types of defective fibres
depending on the fibrezpinning precess. The most inportant
can be arrenged in onc of the following groups, shown by
drawings on Fig. 4,

1.1. Bundlec of long fidbres ( Fig. 4a)

They 2rc only posrsidble in staple fibre samples. Their

origin irsonetines a molfuidioning cutting machine. Come-
times they origin by breaiiing 6f {ibrec during the stretoning
procese, liere alco when cubsequert cutting is done, pert

of fibrecs gain length very differcent from {the normal staple.




1.2.

1.3.

Anll'n
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Of course it is zlways pocuible to find scparated single

long fibres within a sample. To find the crigin, it is

most uscful to compare the stress-strain curves of normcl

and long fibres. They differ largely if the stretching process
is involved.

Splinters >r fibres adhering (Fig. 4b)

In dry spinning process, wken fibres are stlll sticky, they
may be puched tcgether by turbulcerce of spinnir, gas.

This may result in adhering of one fibre to enother or

even scverd fibres together. If they do not stick very
nuch, they mey be seperated asain at stretching process.
They also may be scperated pertly at the ends of SUaple
after cutting. They ere founé in filament yarns as well

as in steple fibre. In wet spinning procecs they arc less
of a problem, as the spinning batn does not favour then.

Thick fidres or urstretched fibres (Fig. &4c)

The typical frequency diastribution curve of a semples single
fibre titre czn be celculeted from vitbroscope megsurcment.
There are always come litres with titre far above the cnd

of this distribution, sey with a factor of three or fife.
T™e high titre of thoce fibres may have its origin in
veriaticnc of viscosity within the spinning soluticn or

melt, ceused for instance by temperature veristions. In tnise

4

case the fibres haove about normal propertics. The sccend

possibility of origin ic, wvhen single filawments breek at
the spinning Jjet, due to cmall picces of forecign matter
or ges bubbles within the spinning colution or meltl. The
broken filamentc of course are coupletely unctretched.
They differ very much from normal fibres in thysical
propertics. In many casces they are so brittle to break
from touch with pincirs

Splashes of spinning liquid (Fip. 4a)

Somectimes the lignid coming out of one single orifice

-




1.5.
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of tire espinning jet decs net form a filament. It adhers
Co tue surface vl Lie splnnirg jet, forming a drop and
al last becomes entangled with fibres from ncighbouring
orificce, being carried away with them. Such drops or
splashes of spinning liquid with adhering unstretched
fibres arc morc frequently found in fibres from wet

spinning process, than in dry spun fibres.

A1l thosc types of defects are a severe drawback in quality
of fibres production,espccially in Staple fibre, as behiné
the cutting machine they zre spread over a large volume of
fibre. In filement yarn they can more easy be detected znd
removed when spooling. It must be empbasized, thaet the usuzl
process of carding does not succeed in removing thewr. In
contrary only a2 7ery small partv of the largest defects is
found remaining in the carding machines, mos®t of them is at

last founé in ihe steple yezrn, resulting in bad yarn egality.

In staple fibre procduction it is therefore of the greatest
importance to measure the contant of defective matiter within
the fibre procduced for quality control purpose.

There are two possible aproaches to this vroblen
I

Veigh a small smount of the staple fibre end search it for
defecctive fibres menuelly and visually. This gives exact
figures of numter of defective fibres per gram of fibrec.

The proccdure tekes @ long time, so the quantity of fibre

to be tested must be smell, say a few grams. The dicadventages
of this metrod thercfore are the large time congsumption, the
small amount tested and therefore bad reproducivility of

test. Considering the origin of defective fibre it is to

be cupccted they are not at all cqually distridbuted within

a given sample. Advantege is, becides gaining absolute correct
values in principle, defective fibres may be recovere %o
examine them with a microscope and esteblich their type

and origin.

-1 4 -
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1.6, Moke 2 sliver of staple fibre only for testing purpose,
weigh it, toking about some hundred grams. This sliver
is stretched and spread with an instrument originally
sed to test slivers. The moving fleece is visually
inspected, a counter being opersatcd nanually every time
a defectiv fibre can be scen. Advantage of this method
is the sufficicrt smount of samples fibres to be tested.
As the sliver is alweys moving, the time ‘consumption is low.
Unfortunate with this method only a vervry small part of
defects is detected. This smount would increase, if the
instrument were stopped at intervals for inspection of
fleece. In this case timeconsumption would increase as
well. Tor ke purpose of quality contrcl the exact absoclule
" figure of defects per weight is not rezlly needed. Vnat
one nceds is a figure to compare with similesr figures
gained at differcnt samples. Thet cen be dore using this
method, the result of test beirg called something like
"fipure of defective fibres". It must be stressed, this
figurc is only 2 prcportional vslue, but its reprocducibilitly
is rather good. When giving en estimation of tke precision
" of this test one must consicder it is tkhe result ol sone
counting. In this case ¢ repeated test would give a result
within limits ac shown in ¥ig. 5 with high probability.
The mathcmaticzl law uszed here for calculztiing the borders
was made by Poigson.

2. Tects vugsine g tristinmulus colorineter

Four most important measuvrcrnicnts on fibres can be done using
the same inctrument in principle. rig. 6 gives diagr-mns of
how it works.

The sample to e teoted is illuminated. Light being thrown
back by the samples corrice information on the samples
propertics., It is analyced simultancous or stcp by c¢lep using
optical filters ond prnotocells. If the filters have suitable
propertics thrce cnalysing chennels are sufficient. The




2.1.

2.2.

output of photocellc ic amnlified and evaluated using a

-

conputcr. It is ecsential to give a smeoth and flat curface
to the sample. This can casily be donc with filament yern.
it is wound crn a small fleb toard using a specicl mechine.
Staple fibre are cither pressed to give a firm feltlike
cake, or they are mecacured prcsscd behind a plane of glacss.
In this case, the influcnce of glass nust be taken care of
by cslibretion or computation.

An instrument of this type can be used for the tfollowing'
tests :

Colour of spun dyed fibres

In many cacses, a colouring agent ic 2dded to the <pinning-
solution or even-nelt. Those pigments azre imbeddéed in the
fibre processed, giving bright colours very stable and
light resictent. 4ny deviections in colour of fibres cen be
seen as ctrips in cervets mede of filement yerns or in
fabric mzde using yarns made of ctaple fibre of this type.
So the requirencnts of accurecy of colourinrg are very
high. This can cnly be achieved by measurement.

“

' Using ean inctrument as diseritbed above each production

sanple can be compzred with e stenderd cemple, which

should be made c¢f the same type of fitre ané colouring zgent
as in production. The evaluéting computer in this case can
be prograrmed to calculzte the difference in colour of
standard cample end production cample. This would be one
figure only. The computer cen do even more. If ctandarad

and production canple differ, 1t 1is pocsible to stzte

tre ¥ind of differcnce, cz2y differcnt brightnecsz of colour
or too much yellow 7Tor instence.

Test dyeing cf fibres

Mozt fibres producced raw-white arce destined to be dycd

later on, ot the customer, as fibres, yarns, fabrics,knit-
ware, or carpets. So the dyubility of fibdbres must be cxtremely
constant in order to attain products without stripes.
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machinecs. For testing purpose special dyes can be obtoined,
giving bad equality of dyes to enlarge existing differences
in fibres properties.

In =ny case it is neccessary to use a fibre sample with
known and correct dyability. This standard sample is to

be compared with the production cemple in gquestion.

Differences in dysbility may in principle have two reessons :
Either part of fibres take up. the dyestuff faster Ifrem the
bath then the rest, or the zmount of dyestuff taken from
the bath is different for part of fibres produced. So somne-
times it may be necessary to carry out two kinds or tests,
if it is unknown how differencec in dyebility of camples
originate.

Fastness of dyestuff %ake up is tested by havirng stendard
sample and production scsmple in the same vessel of dye-
bath, senarsted only by a grid of metal or plastic.

Amount cr dyestuff taken by the fibre is tested by having
standard gauple and production sample in differcnt vessels,
each contazinirngz the same type end concentretion of lye-bath.
In both kinds of test it iz essential, to have the ceme
dyeing conéitions like temperature, pli and salt concentiraticn
for both stendeoid sample and procduction sample.

‘Vhen meking the test in different vessels, in principle it
() 3 P

would te poscitle to mcasure the decrease of dyc concen-
tration in the bath comparing botkL samples. This cennot

be recommzndcd, as some fibres take up dye on their curface,
other in the whole volume. Therefore it is by far better,
not to meacurc the liguid, but the fibrc sample after dyecing.
If tnere has been made a test of fastncce this is the only
ncans of measuring in any case.

Measuring is done as dcceribed above for spun dycd fibres.
The computer in this case must be programmed to give
difference in colour only, as thcere is alweys the came
colour of tz2st-dye.

- 17 -




2.3.

2.4,

Vhitcness

No nawn-nade fibre is rcal.y "white". There always is also

a small amount of colour, mostly yellc., giving the impres-
sion of recduccd whitencecs. So, in princirle it might be

best to treat vhite fibres in the sane manner ac Lhas been
descrited for spun dyed fibres. At least this is techni-
c2lly feasitle. In practice most pcople prefer to use a
“"whiteness" ccale being in coincidence with whiteness as
scen vhen visueslly evaluating the semple. So after measuring
with the tristimulus colorimeter the computer gives the
vhiteness ac one figure calculated by a forrmula from the
photoneter output. It nmust be empkasized, there are seversl
whiteness formulas in use, wvhich give comevhat different
results. Alco tke whiteness cscale is an agbsolute one. There-
fore use of a starnlsrd sample of fibres is impossible. A
whiteness stencdard is used instcad, to be compared with
production sanmples. £s the vhiteness of this standard is

as high as poscsible, ti.e difference of this abesolut figure
and tke result obtaincd with the production sample is ratier
high. The vwhiteress of the sauple is given as percent of

the standerds vhitenecc,l2kes mode of megnesiunoxyce are
in usc as vwhiteness stendards.

Fluorescence

Most fibres contain optical brighteners, used by intention
to fake a better whiteness the fibre does not pocscecs, or
being in the fibre unintentionally as a defilement. In every
cace it is necessery not only to meacurc the influence of
fluorescence but also to sepsrate its figures from the
original whiteness of fibre matler. As any fluoreccence is
cauced by illuminztion with short wavelength radiation, say
ultravioletlt, the coloriacter in thic cese muct contzin a
gource of cucih radiaction. Best would be, to usc a lamp
giving normal light ond UV light as well. A yenonc lamp
ser{s thic purposce hest. With an additional opticel filter
it is pocsible to adnit and shut out the UV-part of the
light. Using the inctrument znd whitencss—formula as

- 18 .




describcd for whiteness test, there can be donc %wio
neasurcacnts on the same sample. The first, using only

light of noragl visual spectrum, gives the whiteness of
cample without eny fluorescence. The second, using UV-

iight in addition to normel light, gives the whitencss
enlarged by fluorcscence, using the same units of

whitercss for both propertiecs. The Giifcrerce of measureuent
gives the effect of fluorescence zlone. This is most
important, as one vants to leeo both, the besic whitencss

as vell as the flucrescence within limits.

There is always the daznger, the production nmaznegenent night
cecrpinsate for decrecsing whiteness with increzsing smcunt
of opticel brignhtener. This must-not be allowed, z2s it
leads to unequal dyeing and stripes in a white fzbric

or knitwear wvhen illuninated with light conteining some

uliravioleti rcdiation.

So a tristimulus colorineter equipped in suiteble manncr
and used in conmbination with a small computer is by fer the
most valueble instrunent for quelity control of all men
nade fibres.

C. Evaluation

It was steted in chapter zbcut saupling to be best tzking
sanples from the end of prolduction linc using a time pettern.
This does not mean, every preperty of fibres to invectigate

at cach sample. Trhe time interval tcetween repezting the sane
kind of test depends on the type of fibre and the reguirecments
of fibres applicaticn. %When there are not problems of pro-
ducttion the test of every property of fibres should be
repcated in regular time intervals, for inctence titre

every hour, tenacity every threc hours.

The primary information gained from camples tested for every
property is the mesn value a@nd standard deviation i1f on

every sample several measurcments have been made. This is inde-
pendent  of the kind of tect 2nd if the tesling has boen

- 19 -
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Vhen the production line is rumming come time, without
chonging trpe of fibre trocduced by intent, there are 2 row
of meun valuer and ctoendard deviations within somples.
is demonstreted in fig. 7. Thewesuvalues of each semple can

be used to form an overall meen for the whole tike the type

of fibre in quection is5 beirng produced. There also can be
calculated the stanlerd deviation of the mean values of czaples
with respect to tihe overall meen. This stanézsrd deviztion
betwesn meen values of samples shaell be called 5p-

A1l this calculszticne are eacily done cven using a2 sn

2ll
pocket czlculetor (which does not mean ve recozmend using

pocket cszlculators for quality control, each calculetor in
use should fceture a print-out of every figure to allow for
finding errors).

For each cornle tested end cvery one of properti-s there
should be :

As the stenderd deviations t% mcelves have limits of confiderce,
I

exact compsricon o d deviations crly can ve done

)
A
[
(3]

tar
using a2 ccmputer end formules of veriance analysic.

Generelly scpeclking one can sey, if stenderd deviaztions N
should Tte cero, then the production ig running stright on
recpect of the property invertignted. slco one cen sistce,
standard deviation 5, must be as smell as pornsible, to

encure therc is little veriaence of the property investigeted.

Fig, 8 shous whet is reslly happrening. There may be a constant
level of mecon valuce of samples (boitom), but there is much
variation of 5, the stendard deviztions indicated by the
length of dork lines.

There may be conctant being even rother cmal®, but the

Ty
level of samples mean values does not go stright (middle)
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civing sy lerger cero. Most tine there will be some small
fluctuutlon ol s, comvined with fluctuaetions of the mean
level (top).

An idecl prodluction would give short dark lines of the saome
lengtn all exactly on the same level (rot indicated). This
would mean, as stated above, a smnsll Sy combined with ¢ S
ncar cero. '

ntrol one wants to have limits of tolerance for
perty being iwportert. It must be stated that thoce
limits are on ]j %o be given by the quelity of the equipment
of production plant znd of the cfficicncy of persons running
the production. This has to be established by measurement of
properties of the product. Yo production manager or directer
is in a position to estsblish tolcrances by wishful think
or considering vhat customers demznd; doing co must lezd To
descaster some time. If tolerance limits establiched by
mezcurement of production do not meet specificaticns of
custorers or wishes of manegement, there only onc

th
to > donc : Improve the procduction machinery ernd perlieps

_treaning of production personncl.

Calculabicn of limits of tolerunce in 2 correct mathematicel
enner is ralher complicszted.. 4 very cimple 1zethod to give
prelininsry limits which may leter te corrected by expericnce

and sre sufficient in most cesesn works as follous @

— Hove the producticr run zs emcoth and undisturted as
nosgible for a span of time typical for procuction periodc.

D

- Malze tests in time pattern which shall be adopied lzter on.

F ad

- Calculete for ezch cample mean value.

- calculate the overall mean for span of time considered and
stundard deviation of meanz g, .

- Take double of {this standord deviation plus and minus
from overall mean (+ 2 sb) ac prelininury Jimits of
tolerance.

- Repeat for eanch prowerty to te tested and for cvery type
of fitrc Lo be prcduced. Differcent sctting of nmachinery
mceans anothcr type. ‘




- Delcte und wvepeat if there s toen oy proklen of
production during cpun of time in concideration.

Tvaluntion of tects results ic chown-on Fig. e, It is advisable

to druv chorts of this kind for cvery property tested anc
insert thc limits of tolerunce for cach tyne of fll in
production.

I7 the mezn v-lue of the sample is within the limites of

tolerance, nothing is to be conc.

If the meen voelue of one isoluoted sazmple is outside of
linits, the test mucst be repcated. Hever use the come’ semple
repetition. A ncw scnple rmust te used ! If the result ecein
is outside of limits, part of production is to be rejected.
To establich the smeunt of producticn to be rejected, nore
semples heve to te Lested, covering the time before and arter
the comple outside of limits '

-

If preocduction is under control, the na neapenent of production
should know there wes some ¥ind of trouble and cen help to
pin down the pzrt cf prcduction out of order. Ii the mecn
values of z 1ow of cucceceding samplec ore out of linits,

the whole part of production hecs to be rejectec. In this
cese repetition of test as a rule 1s unnecessary.

The following has to te considered carefully :

- Hever reicel sinele production unite like horles or anoslsa

. as o rerult of aunliiv conirol unless this urit has veon

ccpecially tested.

- Licver seloet sinele nrofucticn unibs on behalf of thnix

propertice derived from peculis of aunlity control tests

vhich took placc at the production time of unit. This

follows logically from the fuct, recults of ternts on sumples

need not te and in the rule are not repres entboative of Lhe
wholc production of the time in ques >tion.
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Rever dicnoten torci’ 2r pards of productions of very

diTferent times cven 17 thediv respective samplee hnve

given cimiler test reculis.

Yhenever voaszibh

93
1—

c, vroduction unite having been producced

one after arother slould be shipped together unless there
has lecen 3 trouble in production cud prcduction been
rejected on behalf of a row of mean values being out of
limits.

It should be emphasized tnat ner
B (&}

ting of gbove rules

lec
indicate a scvere micunferstanding of the task and possibilitio:

of gquality control and are an szbuse of this fine instrunent.
J Y
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N o | FiG. 5
confidiznce Limits of counting i

range of high probable result

counted figure when test is repeated

0 0 — 3
1 0 — 5
2 1 — 7
3 1 — 8
4 2 — 10
] 2 — "
6 5 — 13
1 3 — 14
8 3 — 15
9 5 — 17
10 5 — 18
qy 5 — 19
12 t - 20
13 - 22 .
14 8 23
19 8§ — I
16 10 — 25
17 10 — 26
18 "M — 28
19 1 — 29
20 13 — 30
21 13 — 32
22 1M — 33
23 5 — 34
24 145 — 35
25 11T — 56
21 7% — 38
30 20 — 12
35 24— 18
40 29 — 5%
45 32 — 59
50 38 — 65
e0 45 — 16
70 55 — 88
80 62 — 79
90 M1 — 10
100 80 — 120
120 99 — 143
150 126 — 116
200 . 113 — 228
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