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PREFACE

uhtil fairly recent times the field of textiles has
beon primarily an art, Few attempts bave been mide to develop
basic chemical, physical or engineering coangcepts in order to
establish general laws for textiles. Todsy the development
of pany different man-made fibors, efich having individual
properties, has served to awhken the interest of researchers
in textiles., Perhaps in the near future the consumer will be
able to specify extctly the properties desired and the manu-
facturer will be able to design &nd engineer a8 textile product
to meet these specific regquirements., However, at present the
textile industry must still rely primarily on empirical
relationships in the menufacture of its products.

It is hoped that this thesis will be & contribution,
however ssall, to efforts to transform the field of textiles
from an art to & science. This thesis is concerned with the
problem of analyzing cotton yarn variation for the purposes
of quality contrel comparisons. The techniques discussed and
compared are not now, but their use is pot universally accepted.
It is hoped that this work will encourage & wider use of the
méthods discussed, Controlled laboratory techmiques are
interesting, but thelr value can only be adequately assessed
under actual mill manufacturing conditions.
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ABSTRACT

In yarn manufacturing there appedrs to be no generslly
accepted method or technique for eompiring yarns of varying
counts for the purposes of quality control. Many textile
regsearchers have done considerable work in an effort to solve
this problem. The object of this thesis is to review the
factors affecting cotton yarn irregularity; to discuss and
conmpire various methods of determining the Degree of Perfoction
of cotton yarns; and, to investigate the possibility of using
the Degree of Perfection as & useful quality control measure,
The factors affecting cotton yarn irregularity are shown to
ba the variation in the number of fibers per oross section of
the yarn and the variation of individuxl t:bora thcnsslvoa.
The Degree of Perfection is defined ls thn rltio of thn actual
yern variation to the minimum or inherent yaram variation.

The inherent yarn varistion is not constant but increases as
the yara count increases.

The experimental portion of this work tested fifteen
cotton yarns distributed representatively over a range of
counts from coArse to fine. The Uster Evenness Tester and
yarn single-strand-break-strength variation were used to
determine actunl yarn variation., When & yarn is perfect the
vialue of the Degree of Perfection ratio is onme, It was found

that the Duerst method for determining inhereat yarn variation
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gove higher velues than the Eprick nethdd. The bresk-test
method for determining sctuhl yarn wariation gave erroneous
results for the Degree of Perfection ratio even when yarans
approxizstely &t maxinum twist &s defined dy Mr. Duerst were
tested. Theoretically the brekk-test values should give the
sand rosults as the Uster variation values for yarns near
paximum twist., The use of the Degree of Perfection ratio
appeirs to be satisfactory for compiring yarns of different
counts. If & desired ratio is selected for all yarns made in
& mill, & formuls can be evolved to compare sctual yarn
variation directly with a standard value. The formulk includes
the factor of inherent variation and & sample derivation is
explained. This would appear to be & useful quality control
meAsure,

The author felt that both Duerst and Enrick in their
respective methods for dttorlininguiﬁﬁtfént'ilfn_vtriitibn
neglected th; factor of the varisation of individual fibers
themselves, The statistical derivation of minimum yarn variation
by Dr. Martindsle shows that this factor mathemmtically csnnot
be ignored. It iz recommended that further research be
conducted to determine if this factor of ysarn irregulsrity
can be disregarded practically in determining the minimum

possible yarn variation for cotton yarms,




CHAPTER I
INTRODUCT ION

In the period of continuklly inoreasing competition
among textile mills since the close of the eksy profit days
of World War II, the problems of quality control have become
paramount. Miny mills are finding it necessary to use more
scientific quality control sethods in the manufagture of their
products. To successfully compete miny textile mills will
regquire more adequate laboratory testing facilities and others
must utilize the facilities they have to better advantage,

This thesis will be conceraned with only one, but an
important one, of the myriad o!_prphl!ns,inwcotton,;lrn:npnu-

facturing. It should de the continuing goal of yarn mills to

produce & yarn that can be made cheaper without lowering
gquality, or that capn be mide of higher quality, thus command-
ing & premium price., In yarn manufacturing there appears to
be no generally accepted method or technique for comparing
yarns of varying counts for the purposes of quality control.
It would be of great benefit to a yaran mill if a convenient
and accurate system or method were available for comparing the
processing efficiency of the various yarns being produced., The
use of quality control is of little value if an accurate means
of moasuring quality is lacking. The ultimtte aim in yarn
manufacturing is to produce the most nearly perfect yarn




possible with due regard for the costs of production. There
are available agcurate weans of determining the costs of
production, What me&ns are availadble to determine the degree
of perfection of the product? In other words, how regular or
uniform is one yarn being produced as compared to some other
yarn of & different count? A comparison of different count
yarns by a direct comparison of the results of strength,
diameter, evenness or similar tests is not & valid comparison
of their degreses of perfection.

Assume & fine count yarn with & hundred fibers per c¢ross
section &nd & coarser count yarn with five hundred fibers per
cross section., It is obvious that a wvariation of tea fibers
per cross section will be & greater (five times greater)
varistion in the 100-fiber yarn than the 500-fiher yarn.
However, the probability of s specific per cent variation in

the number of fibers per c¢ross section is greater for the

100-2iber yarn. Therefore, & direct comparison of strength,
¢1auotor, number of fibers, or weight-per-unit-length variations
between two different counts of yarn is not valid unless &
moasure of the varying probability of the occurreance of this
measured variation is considered,

In order for a yara manufacturer to utilize quality
control measures in production there must be & valid method
for quality comparison between yarns of varying counts, To
make & vAlid quality comparison, the above-mentioned probability

factor must be considered. Many textile researchers, such as




DPr, J. G. Martindale and Mr. John Duerst, have done considerable
theoretical analysis and practical experimeatation in an
effort to arrive at a solution to this problem.

The objeoct of this thesis is to review the factors
affecting cotton yars irregularity; to discuss and compare
various methods of determining the degree of perfeotion of
cotton yarns; and, to investigate the possibility of using the

degree of perfection as & umeful quality control measure,

Factors Affecting Yarn Irregularity.--Before attempting to
arrive at & solution to the problem of weksuring yarn uni-
formity, the factors that affect the evenness properties of
yarns must be determined, Whiat is cotton yara irregularity
and vhat are the factors that affect this irregularity? Cotton
yarn irregularity means that the yaran is not uniform, but is
uneven or variable in somé snner or degree. THis irregularity
is manifested by a variation in the appearance of the yarn in
the cloth; by & variation ia the cclor or shade of the dyed
yarn; by & variation in the brelkiﬁg strength, elongation,
diameter, yaran number, turns-per-~inch, or weight-per-unit-length
of the yarn,

It 1s essential for an understanding of yarn irregularity
that these various manifestations of irregularity are not
confused with the factors causing the irregularity. The above
nentioned manifestations are the effect or the result of

variation in the factors affecting or chusing the yarn ir-

regularity. These manifestations are the visible metns by




which yara irregularity is usuilly denoted &nd they are not
the fagtors or causes of the irregularity itself. Thus, the
methods or techniques of comparing yarns of vArying counts
solely on the basis of some physicsl test of variation are
invalid, Ia other words, it is incorrect to say that & 100's
yarn vith some physical variation measurement of 75% is a
poorer yara compiratively than & 10's yarn with a variation
of 25%.

If an absolutely perfect staple yara c¢ould be produced,
it would hAve to have gertain essential characteristics.
Assume that the individusl staple fibers were all exactly
alike in every respect., Assume further that & hypothotical
processing system whs capable of producing & yarn so that at
&ny point &long ita length where an individual fiber ended,
another fiber exasctly took its place. If this perfestion could
be achieved, the final yara would hnvtm;xlc;ij the samne¢ number
of fibers per cross section 3t &ny point along the yarn. This
perfect yara would have no variation in weight per unit length;
turns per inch, diameter, or strength. Of course this perfect
yarn could never be achieved &s nature has yet to produce
perfectly identical staple fibers and the textile machinery
mpufacturers will probably never achieve the hypothetically
porfect processing systenm.

The very manner in which the fibers are presented to a

méchanical yarn processing sysiem prevents the manufacture of

& hypothetically perfect yo&rn. The fibers &re presented to




the processing system in a random manner, and this random
distribution cfn only be impaired, not improved, by the pro-
cessiang. This means that each fiber has an equal chince to be
selocted at & given noment to begin the yarn manufacturing
process, In actuality the properties of the staple fibers
vary, and regardless of the perfection of the sachinery the
yarn must vary. This yarp variation &t 8 minimuwm will bhe a
measure of the random variation of the fibers initially,
Therefore, it can be seen that fundamentally there mre
only teo factors affecting cotton yarm irregularity: the
varistion in the number of fibers per cross gection of the yarn,
and the variation of individual fibers themselves. This
statenent has been detormined and verified mwany times by the
experimental work and theoretical anslysis of researchers in
the textile field, The peculisrities of nature are responsible
for the variation in the individual fibers. The peculiarities
of the mechanical processing system used are responsible for

the variation in the number of fibers per cross section of the
y‘rn .

Random Fiber Arrsangement Theory.-~-Now that the two basic

factors affecting yarn irregularity have been established, it
is important to enlarge the discussion to a brief consideration
of the sanner in which these fagtors vary at & minimum,. The
variation in the number of fibers per c¢ross section of the yarn
is one of the two basic factors of yarn irregularity. It hasg
Just been stated that this variation is due to the peculiarities




of the mechanical processing system used, Regardless of the
mechanical design, use, or condition of the equipment in a
yarn processing system, there will always be &n inherent var-

iantion in the number of fibers per yarn cross section, or in

other words, & minimum variation caused by the r&adom &rrange-

mont of the fibers in & yarn.

Martindale (1) has shown that "with any preparation,
drawing, or spinning michinery in use &t the present time, the
best that can be done is to Arrange the fibre ends in & raandom
order in the .livor,.roving. or yarn," This is because
the original presentation of the fibers to the first machine
in the yarn manulfcturing process is a random prescntation,
1.e., any fiber in the total lot is equally likely to a&ppear
at any point of a sample cross gection, and no mitter how
perfoct_thplpuncpqg;gg machinery, this random ptoaonﬁlgion can
not be i-prov;d. The best that nlchinéi.cin do.is to preserve
the same fiber order in delivery as was fed initially, This
assumes that the machines will have complete control over
each fidber during the drafting processes, This perfect control
is8 not obtainable, and thus the random variation will in
practice be impaired rather than improved.

At this point a question might arise concerning the
effect of doubling on yArn variation. Doubling will dscrease
the overall yarn variation, i.¢., the actual total yarn var-
iation value. However, doubling will not decrease the random

variation, 1.e,, the minimum possible yarn variation value.
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To decresse the random variation the doubling procedure would
require & theoretical power of selectivity that is presently
impossible. Such selective doubling would require the match-
ing of cross sections of sliver and roving so that the resultant
sum of the fibers in each cross seoction would be constant or

at least lese than the random variation,

Assuning that there is no variation among the individual

fibers, Martindale {2) has statistically ealculated the var-

iation due to rnndoﬁ variation of the number of fibers per
yarn crogs section, using the theory of probability as follows:

The probAbility of & fibre corossing & given section in
& yarn is proportional to the length of the fibre. Con-
sider first therefore, & yarn made from N fibres all of the
same length. Each fibre has the same chance of crossing
any section of the yarn and although in a large bulk of
yarn this chance will be amall, it still exists as the
fibre must appear somevhere in the length of yarn mide.
If p is the probability of a given Zibre corossing &
certain section, and q is the probability of its failing
todoso, perge=1, 'h.r._g is very small compared to q.
If the Avérsge number of fi - per eross-section of yara
equals n, then p = n/N.

The prohlbilitiﬂs of n’ (H-l). (N"z) .003’ 2, 1 fibres
all of the same length orossing A given section of the
yarn are given respeotiively bx the successive terms in the
Binomial expansion of (p 4 q)”. When p is very small,
this is the well-known Poisson distribution. The distri-
bution of fibre number between the various eross-sections
of the yarn 1s described by this distribution which there-
fore determines the irregularity of & yarn made up of a
randoa arrangement of fibres of equal lengthas, From the
Enown characteristics of & Polsson distribution it can be
stated that 1f the average number of fibres per cross
section = n, the standard deviation of the number per
cross section 6, = va ,

(¥riter's note; The Poisson distribution is & special
case of the binomial distribution, BStatistical theory
shows that an important property of the Poisson distri-
bution is that its variance is equal to its mean, or in
other words, standard deviation equals the square root of
the mean,)




Suppose, now, that the fibres in the yarn are not all of
the same length but that fibres of lengths 1,, 1,, l.,
eselpy +e0ly all occur and that the average nunbgr o§
thess per cross section is respectively n,, n,, ng

eeeBp .oofiy, then the average total nunbe} of all iibrou
per cross section nm =2 n,..

If each group of fibres of the same length is regarded
ag forming & separate tenuous yarn and these yarns have
standard deviations of fibre numbér per cross section
Gys 6,9 63 ee¢e Gp o+ 6m respectively, then

6T ny, 6=Tmg, 6TMg eee 6T Dy ... AT Dy

If these are imagined as being randomly doubled to-
gether to form the complete yarn with standard deviation O
then 6 =2 &§2=3Fn.=n

L. Gh=VT (1)

" Thus the standard deviation of the number of fibres per
croas section is still vi and is unaffected by the length
characteristice of the fibres.

Equation (1) therefore holds for & yarn made up of fibers
randomly srranged regardless of tihoi.loﬁgth or diﬁtribution,
provided that measurement is made at points separated by &
distance grester than the length of the longest fibher,

It has been previously stated that the only two fundi-
mental factors affecting yara cross section variation or
irregularity are the variation in the aumber of fibers per varn
cross section and the variation of individual fibere. Weight-
per-unit-~-length has been sslected as the term to express the
neasurement of these variations, In the case of cotton fiber
variation the veight-per-unit-length is & better measure than
cross section &rea or diameter because the latter are not

necessarily definite quantities., The same reasoning holds

true for the yarn variation.




As 8 means of verification, Martindale (2) has written:

It 18 well known that any product of drawing or spin-
ning mAchinery varies in weight per unit length from one
point to another, In the cuse of yarns this causes varia-
tion in turns per inch of twist, variation in dismeter
and variations in streagth, but thess are all somewhat
geoondary effects brought &bout by varistions in weight
per unit length due to the irregular arrangement of the
fibres composing the yarm.

Spencer-Smith (3) stated:;

The levelness or regularity of & yarn depends to a
great extent upon the characteristics of the syster by
which it was produced, but.,.no mktter hov perfect the
system may ba, yars produced by the standard methods of
doubling @&nd drkfting slivers cannot bhe mors regulir than
R 8imilar yarn in which the fibres are arranged &t randonm
flong its length. The irregularity of weight of such a
yarn wis shown to depend only upon the mean number of
fibres in & cross se¢tion of the yarn.

Also,. Townsend (4) bas reported that;

For fundimental anhlysis of yarns and drafting pro-
cesses, . .the most important property of & yaran is the
nupber of fibres per ¢ross section, &nd the variation of
this number along the ysrn is the most fundamental measure
of irregularity. Moreover, assuming uniform density and
dizmeter of the fibres, the varition in the number of
fibres per cross section is equal to the variation of
woight per unit length, which 18 much more essily deter-
mined in prActice than the variation in the number of
f1ibres per cross gsection,..In view of the imporitaace of
this factor for theoretical reasons, s&nd &1so bechuse it
Bseens likely that varistion of fibre number will be
elosely related to the appearsnce of irregularity of a
yaran in fabric form, the variation of fibre number, or the
agsociated variation of weight per unit length is a con-
venient and bagic measure of yaran irregularity with which
other methods of weasBuring irregularity can bs conpared,

It has been shown that the standard deviation of the

number of fibers per ySrn cross section area due to & random

arrangement is: 6, =VR , wvhere n is the mean number of fibers




pér yarn cross ssotion. Now it remiins to apply this infor-
mition to determine the minimum variation of the yarn per

Ccross section, i.e., the variation due to random fiber

arrangenent., Let;

= yarn mean woight per unit length

= yarn standard deviation

= yarn coefficient of variation
fiber mean weight per unit length
2iber standard deviation
fiber coefficient of variation
meaAn number of fibers per yarn cross
section

6 = standard deviation of the number of

fibers per yara cross section

Consider the effect of the two yara variables.separately.

Assume that the fibers were uniform and had & mean weight
value W, Then the yarn standard deviation would be due entire-
ly to the variation in the number of fibers and would be:

G = On W

Therefore the variance of the yarn weight-per-unit-length
would be:

2 _ 22
6" = 6 W

By definition variance is the mquare of the standard deviation.
Now assume that the number of fibers-per-unit-length

of yarn is constant and equals n, Then the variance of fiber




veight-per-unit-length is o> , snd n of these fibers form a
yarn unit length with wvariance:

By statistical definition when independent variable factors
operate simultaneously the resultant variance is equal to the
sum of the variances of e&ch of the factors operating separately,
Therefore, the summpAtion of the variances of the two factors
affecting yara irregularity is the resultant yarn variance

and is;

2 —
G = 6y W+ n&S

LV = 6,2 - 100
Ow 100

(3)

cvi is the coefficient of wvariation of the most perfect
yara that can be made on perfect machines which do not perform
Any operations which tend to decresfse random variktion, All
doubling and drafting operations do not selectively double
every thick place with every thin place or draft every thick
place more than every thin place. Therefore, the irregularity
due to random variation is the minimum posaible irregularity
and the coefficient of the limit or minimum variation per unit
length according to Martindale (2) will be:

CV(1limit) = \/100% +CVu
n n
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Degree of Perfection.--The implications of formula (4) are

important, The number of fibers per yarn cross section de-
croases as the cotton yara counts 1ncr§aso, and thus the
coefficient of random variation will iporease as the counts
increase. The actual yarn variation alwiys includes the var-
iation due to rapdom fiber arrangement, To directly compare
the actual variation of & fine count yarn with & coarser
yara is to neglect the fact that the inherent or raandom yarn
variation is s varying quantity.

Yarious textile researchers such 28 Temmermsin &nd Her-
nanne (5), Barick (6), Duerst (7), and others have 6ffored
solutions to the problem of comparing yarns of various counts,
In general the various solutions agres that yarn variation
comparisons should be bagsed on the Degree of Perfection of the
yara. ~The Degree of Perfestion 1s @Tihed &5 the ratio of the
actual yarn variation to the minimum or inherent yarn var-
istion. Therefore, it can beo said that:

-« CV{actual)
Degree of Perfection = 0 5
CV(limit) (5

If yarns of varying counts are compared on the basis of formuls
{5), the comparison is wvalid.

Now that the factors affecting yarn irregularity have
been determined and & formula evolved for a valid compArison
of varying count yarns for the purposes of quality control,
the problem remains to determine & suitable means for measuring

the actunal and inherent yarn variation. Earick (8) has




proposed the following method to measure yarn variation,

'~ By definition the count of & yarn on the cotton system
is the reciprocsl of the weight im pounds of 840 yards of the
yarn, The count of & given yarn will vaAry in inverse pro-
portion to the variation in weight-per-unit-length along the
yarn. It as obvious that the weight-per-unit-length of a
yarn will be the sum of the weights of the individual fibers
in that length, Assuming that there is no variation in the
weights of the individual fibers, then the variation in weight-
per-unit-length of 2 given yarn is directly proportiomal) to
the number of f£ibors in that length. Mesan fiber weight-per-
unit-length (average linear density) is usually expressed in
micrograms-per-inch, Convert the units of the cotton counts

to grams and inches and;

Counts = L(E' irds) ¥ 1. L{nokies) 3 4536~

Then the weight-per-unit-length of a given count yarn is:

¥W/L(grams/inch) = gg%%%g

The mean number of fibers-per-unit-length of yarn is:
- ¥/L(grams/inch) of the yarn
3 = ¥/L{grams/inch}) oY the iIEErs

15,000

B = ﬁrn count x !Ihr n!gﬁ! (lIcrogﬂns)
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Continuing the assumption that there is no significant vari-
ation in weAn fiber weight, formula (4) for the ccefficient of

mininun yRrn variation becoaes:

100
Va

Combining equations (8) and (7):

CV(linmit) = (7D

+

Cv(limit) = 0.82 Vyarn count X Iiber weight (micrograms) (8)

The Sheffield Micronaire fiber "fineness” value is
used by Enrick (8) to determine the mean fiber weight. Un-~
less certain limitations on the applicability of the MNicro-
naire readings are observed, theo use bz these readings in
formula (8) will not necessarily be a valid measure of the
mean fiber weight although the readings mty be satisfactory
for practical use. These limitations will be explained later.
The sctull yarn varistion, CV(ctual), is measured by iny
elestronig tester guch as the Uster Evenness Tester which
moAsures yara wveight-per-unit-length variation. Theretore,
Enrick's (6) solution to measuring the Degree of Perfection

of cotton yarns is:

Degree of Perfection = Cv(actual) (9)

0,82Ycts x ¥




where:

ct® = yarn eounts (cotton system)
¥ = Miocromuire fiber fineness reading

CY(acturl) = Vvariation vklue from electronic tester

yiber Fineness.--Before proceeding further some of the limita-

tions of the Micronaire readings should be discussed. Fiber
fineness may be determined either by fiber diampeter or fiber
woight-por-unit-length measurements, To determine cotton
fibar fineness by diamocter meAsuremeant is of little value
because e¢otton is a hollow fiber and its properties depend not
only on its diameter (which is not circular) but on its wall
thickness compared to lumen (the hole) thickness., Therefore,
cotton fiber fineness is usullly determined by the fiber mean
weight-per-unit-length (expressed in microgréms-per-inch)
which is & more defimite quentity, .. . . oo il

| The fiber weight-per-unit-length (array method) (8)
using an instrumoat such as the Suter-Webb Duplex Cotton Fiber
Sorter is probably the most accurate means of determining fiber
fineness directly. However, this method is extremely time
consuning and except for research is not suitable for pro-
duction control measurements, The Sheffield Micronaire
measures fiber fineness by employing the sir-permeability
principle. Its use is rapid, simple, and suitable for quality

control procedures. As & result of research dy the U. B.

Department of Agriculture (9) (10} (11) special scales for the
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Micronaire have been developed to give readings direatly in
micrograms per inch (mean fiber weight-per-unit-length). Only
two scales have been developed so far and they sre for American
Upland and Awericen Egyptian cottons. X{f fineness of other
botanical types of cotton is to be measured on the Nicronsire,
the use of the Causticaire scale and method is recommended.
The use of the proper scale on the Micronaire is fmportant
because the relationship between air permeability testing and
actual wean fidber weight-per~unit-length is curvilinear,
Whenever mean fiber weight-per-unit~length (Ziber fineness)

18 detormined using the Jiocronaire, the above limitations
should be considered for their sffect upon the accuracy of

the results,

Hexagonsl Fiber Pattern Theory.--John Duerst, research engineer
his Hexmgozzl Fiber Pattern Theory in an effort to explain all

of the many peculiariticeg of yarn manufacturing in terms of &
gingle theory. Duerst hhRs also arrived at a solution to the
problem of comparing yarns of various counts for the purposes
of quality contrel, The writer will attempt to explain here

only those portions of the Hexagonal Fiber Pattern Theory that

have & diregt bearing upon yara variation comparisons,

_ nuerst's-(lz) ideal yarn cross section assumes cotton
fibers of circular groms sections foraing concentric circular
layers about an imagiunery yarn ceanter., This will form & hex-

agonal yarn crogs section of “n" concentric fiber layers. ¥%hen
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twist is imparted to the yarm, its cross section approaches a
circular shape, but the basic hexagonal distribution of fibers
remains, It is realized that cotton fibers are not all perfect
cylinders, but Duorst has theorized that the practical yarn
crose section will have & negligible variation from the ideal
cross section in its effect upon the practical yaram gtlculation
formulas that he develops from this basic assumption,

By the law of arithwetic progression the nuwber of
fibers per yarn oross section oan be calculated from the hex-
agonal fiber pattern arrangement. A hexagon 1s composed of six
equal triangles, The sum of the fibers in one triangular
scgment of the hexsgon is:

n(n+ 1) 10)
ﬁ— (
whéré: B T number of Sobbentric fiber layers
one fiber = equivalent number of fibers ir the
Zirst layer of the triangle

1]

one fiber = common difference between concentrie
fiber layers of the triangle
therofore, the totsl number of fibers in & yarn ¢ross section

is:

g a2 (g ¢+ 1)

(11)

where: 8 = total fibers per yarn cross section

Duerst (12) then states that, "In the past it was
commonly accepted that an average grade of American cotton
would show approximetely 3000 fibers per cross section of a
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No. 1.0 yarn., REgyptian cottons being much finer were accepted
to count 3200 fibers per cross-section of a No, 1.0 yaran."

The writer found this statement to be c¢oncurred in by Locher
(18). Also, from the above information the average fiber
weight in micrograms per inch can be calculated as §.0 for
American and 4.7 for Egyptian cottons., Then it can be said
that the fiber Io%ghts are inyorsoly proportional to the fibers
per ¢ross section of No. 1.0 ;lrn.

However, it has been found that the average Nieronaire
value (F) for American cottons is about 4.0, and for'lgyptian
cottons about 3.5, Assuming an expotential relationship be-
between fiber weight and number of fibers per yara cross secticn
and using Microngire (F) values:

n | AL

where; !‘ = Micronaire reading average American cotton

r. = Nicropaire reading average Egyptiaa cotton
which gives & wvalue for the expotential constant of approxi-
wately one-half (0.5). Then: 3000 YF  equals 6000 for a
No. 1 yarn when F equals four, and a8 the total number of
fibers per y&ran oross-section (8) decreases linearly as the

cotton counts increass:

_ 6000
8=V xects (13)
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where: 8 = total number of fibers per yaran oross-section
¥ = Micronkire reading
ots = Average cotton yara counts
Combining formulas (11) and (13):

”"(“%’%%:") a0

Now 1if "u”" 1is the number of fibers per yarn cross-gection
diameter, then "u" equals "2n" and formula (14) becomes

PRV A N an

where ¥ = Hicrontire scele reading

cts = Average cotton yara counts
Figure 1 is & sketch of Duerst's idealized yarn cross-section
and !orlull (15) is the "common denouinltor" ot 311 Duerst'

r———— D AT

subacqntnt ylrn ctlculltionl. TR -
Yor yarn variation evaluation Duerst (7) states that

the limit of perfection of a hypothetically perfect yarn

consists of one fiber wvariation per cross section diameter,

This one fiber difference between high mesn and low mean
cross soction diapeters is the limit of perfection in any
fibrous strand of sliiver, roving, yara, or thread. ne
fiber after all is the smallest unit of change., While
this one fiber difference is good for diameters only, we
will readily understand that this fiber per c¢ross section
disnetor means the difference of & whole layer of periphexy
fibers of & strand,
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of a Yarn Cross Section

Idealized Share

Nuuber of Concentric layers = n

Figure 1, Duerst’'s Hexagonal Piber Pattern
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Therefore:

(W - up)

ey = 100 (16)

where; CV = coefficient of varisation of yarn
4 = high mean number of fibers per cross section
diemeter
ug = low mean number of fibers per eross section
diapeter
us= lverasb psumber of fibers per cross seation
dispeter |
The Degree of Perfection was previously defined as the
ratio of the coefficient of actual yarn variation to the
coefticient of the limit of perfection. From Duerst's
detinition CV equals CV(1limit) when (u; - uy) equals one.

s o T e

Therefors, formuls (5) becomes: . .. . ... .

Degree of Perfection = (Ei - Eé) (17
and; cv(ltmit) = 130 (18)

In discussing the subject of yarn wvarjation with the
writer, Mr, Duerst has proposed that any mill could determine
the actual coefficient of yarn variation from simple single

I strand break-tests without the need for elaborate elestronic

testing equipment by using his theories, and the formulas
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derived therefrom. Then by ofloulating the coefficient of the
limit of perfection a&s described above, the Degree of Per-
fection ohn be determined and the result used for quality control
determimations,

Duerst(14) has written that there are four main factors
responsible for yarn strength: individual fiber strength,
fiber surface frictional strength, number of fibere per cross
section, and the degree of intertwining force imparted to the
yarn by twisting. Yor & yarn to break when tension is applied,
one of two things must happen, ZEither the individual fibers
at the point of break will slip peat each other or the fibers
themselves will break, Uusufklly both things will occur
simultanecusly in varying degrees.

Staple yarn would not exist if there were no friotionmal
forces Active &nd latent . to hold the fibers together to form
2 yarn or to rosiit an apﬁiicd force attempting fo break a
yarn., Also, it is an sccepted fact that when & y&rn is broken
in siny places along its length the individual break streangth
values vary, The theoretical streagth of a yarn is obtained
when the fibers in & given eross section xl1] bhresk when tension
is applied to the yarn &nd none of the fibers slip. Assuming
each fiber develops equal frictional force, the ®bsolute
'break strength of & yarn would occur when the sum of the
developed fiber frictional forces at the yarn-break cross
section is equAl to or greater than the sum of the individual



fiber strengths in the cross section. Absolute yarn strength
chn never he schieved because all the cross section fibers can
not develop their full potential frictionxl forces. Duerst (15)
has shown that those fibers on the periphery of the strand
which are partially exposed develop only sbout one-sixth of
their potential frictiomal force.

Brandt (18) has experimented on the effect on yarn
strength of varying twiat at varying yarn counts., The results
showed that yarn strength varies approxiastely parabolically
&8 twist increases for A given count yRrn. For coarse yarns
the strength increases rapidly as twiet increases to & point
cf paximum strength and then decreases gradually in strength
as twist continues to increase, The reverse is true with fine
yaras,

.. Now assume & yern sSpun &t maximum twist, i.e., the

point of wAximum stremgth, With this condition the yarn

break-strength will be directly proportional to the number of
fibers per cross section, If the yarn is spun &t other than
miximus twist, the relationship between the number of fibers
per crofsg section and the yarn strength becomes more compli-
cated and will bave to include some factor for the parabolic-
shaped relstionship betiween twist and strength,

The experimental portionlof this thesis is concermed
with compsring the wvarious methods of determining the Degree

of Perfection of cotton yarn manufactured with & quality




characteristic of maximum strength, Thus, the experimental

yarns used should be &t or near maximum twist. Gregory (17)

staten;
The question of whether or not the weakest places in &
yarn Are the thinnest will obviously depend upon the
average twist of the yarn, Yor & fully twisted yarn, the
influence of twist 1s secondary in importance to that of
weight in defining the strength of yarn elements...It is
therefore highly probabdble that the thick places, although
not developing their full strength, are considerably
stronger than the thin places,

If actual yarn variation is directly proportional to
yaran break-strength varistion for yaArns spun &t or near maximum
twist, then the Degree of Perfection ¢ould de calculated using
the coefficient of variation of yarn break-strength as CV(actuzl)
and dividing it by formula (18) as advocated by Chang (18),
and the result should be the same 283 that obtained from an
electronic tester such as the Uster for neasnrins ynrn

vtriltion. -

SummAry.~-The factors affecting cotton yarn irregularity have
beon reviewed and shown to be in the final analysis the vari-

ation in the number of fibers per cross section of the yarn and
the variation of individusl fibers themselves, The meaning,
derivations, and mothods of measuring the Degree of Perfection
of cotton yarns have been discussed,

The experimental portion of this thesis is concerned

with & comparison of these various methods of determining
the Degree of Perfection. PFirst, it will be determined from
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¥artindale‘'s random fiber arrangement theory with Enrick's
method for determining the CV(limit) and the Uster electronic
evenness tester for determining the CV(sotusl). Then the
Degree of Perfection will be determined from Duerst's hexagonal
fiber pattera theory using single-strand breaking-strength

variation values to determine CV(actusl) and Duerst's method
for determining CV(iimit). ¥inally, the results will be

compared,
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INSTRUMENTATION AND EQUIPNENT

The experimental portion of this work utilized two
ma jor pleces of standard textile testing equipment: the
Suter Single Btrand Tester and the Uster Eyonnoess Teater
(Model B). In addition, & standard cotton yarn reel and a
Christian Becker Chalnomttic Balance were used.

Suter Single Strand Tester.--This instrument is & low capacity

vertical pendulum type michine for testing yarns, &nd is a
standard item of equipment in most yarn testing laboratories.
The spchine simply determines the elongation And breaking
‘Strength of the yarn betwééa the jawa, &nd does not hive an
autographi¢c attachment. Haven's "Industrial Fabrics Hand-
book™ (19) gives & complete description of the machine.

In the single strand tesat...the jaws of the maichine may

be flat grip, capstan, drum, or &ny other device which

does not have more than 25% of the specimens bresking

within 4 inch of the jaw; specimens which break within

§ inch of the jaw are discarded. The speed of the lower

jaw 18 12 & 1/16 inches-per-minute, (20

The capacity of the single strand tester used is up to

twelve pounds. If no additional weight ie attached to the
pendulum, the breakimng strength is read in grams (up to 500
grams). If a greater capdcity is desired, the two-pound or

tvelve-pound weight may be attached to the pendulum. The

&llowable capacity of the machine is considered to be the




dial readings included between 2 nine to forty-five degree
swing of the pendulum. If these precfutions are observed in
operating the single strand tester, the breaking strength
results will be as accurats &s can be obtained on this type of

msachine.

vster EKvenness Tester.--The Uster Evenness Tester is a2 com-

pletely electronic instrument for measuring variation in
uniformity of sliver, roving, or yarn. The tester is manu-
factured by Zellweger, Ltd.,, & Swiss firm, and sold and
serviced in the United States by the Uster Corporation.

The Uster Evenness Tester consistas of three separate
basic units. These are the Tester itmelf, the Integrator,
and the Recorder. The Tester is & cabinot-enclosed unit that

contains & complete electronic system for measuring the amount

of varistion in weight-per-unit-length of yarn, roving, and

sliver. It is equipped with a sensitive meter that visually
indicates instantanecusly and directly the percentage wariation
from the mean. There im An eight-slot memsuring head on the
Tester, and each slot contains the plates of an electrical
cipicitor whose dielectric is partly air and partly the
material passing through the plates, The capacitor plates in
the measuring head are comnected to one of two oscillators in
the electronic system. One oscillator operates at & fixed
froequency And the other varies in accordance with the vari-
ation in the mass of mhterial passing through one of the slots




in the weasuring head. The electronic system in the Tester
then detects, converts, and suitably amplifies the outputs of
the two oseillators to give & direct and instantanecus linear
percentage variation refding on the wmeter oa the face of the
Tester, The Tester is & direct indicating instrument and
contains no aversaging eircuits. It is extremely difficuilt

to take fccurate readings from the Tester meter because of the
difficulty of setting the meter reading initially to zero
percentage variation.

To ovexrcome this difficulty the other two bhsic units
are furnished with the Tester and are coannected to it and to
each other by electrical cables, The Recorder graphically
records the linear percentage viaristioa goatinuously and the
charted results may be mtnually ankliyszed to determine the
lyggggg_gggggg}gg! linear qggilt;gg: The third basic unit,

the Integrator, permits direct readings of the average vari-
ation., There are two types of Integrators and either one may
be used in conjuncotion with the Tester, The Linear Integrator
determines the averige percentuge linear uneveaness, and the
Quadratic Integrator indicates the percentage coefficient

of variation of the material tested. Both of these Integrators
have an unvarying time constant of two and one-half minutes,
This meftns that any Integrator reading, properly corrected,

is the average linear percentage uanevenness or the

coeffieient of variation for the preceding two and one-half




minutes of material that pissed through the Tester. The
Tester is equipped to provide materisl speeds of 2, 4, 8,

25, 50, and 100 feet per minute. The speed of the miterial
through the Tester determines the test length of the material
corrosponding to the Integrator reading.

The Integrator consists of two scales, the Unevenness
sckle and the Averidge Value scale, For &ay section of
mRterial tested, the Unevenness scile represents only the
magnitude of the variations in weight; the Average Value
sclle represents the aAversge weight., 7To get the per cent
unevenness, therefore, the amount of variation must be
divided by the average weight. The Unevenness sckle is
S0 calibrated that whenever the Average Vilue scile
reading is "0" the value read from the Unevenness sghle is
identical with the per cent unevennsss.

However, vhenever the average weight results in &
plus or minus Average Value scale reading, the valus rcad
from the Unevenness scile must be divided by that average
weight before A true percentage value osn be obtained. (21)

A knowledge of the sctusl wvalues represented by the
vurioun dlviuioaﬂ on tho two scnlcs ot thn Into;rator is

Tem . AL T eI IR

roquircd to poriorn the clloulltionn necesssry for determining

the true percentage variation. To obtain this value with the
least Amount of chleulation, the Uster Corporation has pre-
pared & tabls of correction factors, This is merely & table
of reciprocal values gorresponding to the various average
weights. The Integrator operator reads the division of the
Unevenness Scale on the Integrator corresponding to the set-
ting of the scAle selector control knodb on the Teater, A
the sane time, the Average Value scale on the Integrator is

read, These two values Are used to determine the correction
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factor to use from the table. The unevenness value read
multiplied by the correction factor gives the true percentage
variation value.

For the experimental work of this thesis the Model B
Uster Tester with the Linear Integrator whs used, The Linear
Integrator essentially determines the mean deviation (some-
times called the average deviation) of the yarn weight-per-
unit-length expressed as & percentage of the mean weight.
From statistics it is known that the mean deviation value is
only 0.7979 as large as the standard deviation value for a
normal distribution. (22) Therefore, the CV(actukl) values
required for determining the Degree of Perfection will be
1.25 times a8 large &s the Linear Integrator Values (U%).
This explains the difference in the values obtained by the
Uster Lanlaannd“ﬂmgq;gtiqmlgtegrltorlfﬁatho—U¢t¢r Corporation
(23) states that the Quadratic Integrator value is approxi-
nétely twonty-five per cent greater than the Linear Iantegrator
vilue,

The instructions for properly operating the Uster
Evenness Tester and the Linear Integrator are contained in
the Uster Corporation "Instruction Book for the Pster Evenness
Tester Model A, B" (23), and the Zellweger Uster "Operating
instructions for the Uster Integrator, Type 1TGL.™ (24)
Both mAnuals contain the operating imstructions in detailed

form and are furnished with the instruments. Testing must
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be conducted in 2 laboratory maintained at standard conditions.
The dielectric constant of the material passing through the
external capacitor plates must remain constant for all tests
run or the values obtained will not be valid. A wide variation
in the wmoisture in the yarn tested will vary the dielectric

constant and introduce an error into the results.

P T R RPN A e et e i



CHAPTER III .
PROCEDURK

Determining the Number of Tests Necessary.--At the beginning

of any experimentil work the question of the number of samples
to be tested always arises, The experimental work of this
thesis is concerned with estimmting some characteriatic such

as the average breaking strength of & given count yarn. It

is defirLitely impractioal and frequently impossible to determine
the &ctusl value of the characteristic. Instead, a limited
number of tests are conducted (in this case on & bobbin of &
given count yarn) and the value of the characteristic is
estimnted within certain limits, It is obvious that such a

procedure will not mecessarily give the desired answer every
time,. Therefore, when experimental work is gonducted it is
esgontial to determine the probability that the value of the
tested characteristic will be within certain limrits of the
true value, and how many tests should be mxde to determine
this estimated walue,

~ The use of statistics will solve this problem once the
engineer or researcher decides at what probability level he
wishes to estimkte that the wean of the test values will not
differ from the true mean by more thin some allowmmble sampling

error, In this work & probability factor of 95 per cent




was selected a&s being sccurate enough for most practichl purposes.
The allowable sampling error or percentage accuracy of the mean
was selected as six per cent, Then from statistics (25) (28)

(27) the number of tests to be made is determined by the

formula:
2
n = (1.90 cv a9

where: a = number of tests
CV = ¢osfticient of variation percentage
P = percent accurtcy

To determine the number of tests from this formula it
is necessary to know the coefficient of variation percentage.
Partial preliminary testing plus any known information con-
cerning the mhterial under test will provide & rough estimation
of the cosffigient of variation. This estimate can then be

substituted in formula (lsj.ind the approximate number of tests
determined. By this method the tested value obtained should be
within six per cent of the true value approximately 95 times
in 100.

Materials Used.--The testing maAterials used in the exporimental

work were manufsctured by Coats and Clark, Inc., in their
Georgis mills., The yarns were All gcombed cotton and ranged in
size from 10's to 110°'s distributed representatively over a

range of counts from coarse to fine, The yaras before mmnu-

facture were blended by Micronhire fiber fineness readings




(Upleand Bcale) with & mean fiber fineness value (Micronaire)

of 3.5 for Egyptian Cotton, and 4.3 for American cotton.

The tests were conducted on only one bobbin of each

count yarn And therefore the variation values determined apply

only to the bobbin tested. This was done purposely so that

the variation values used in comparing the different methods

of determining the Degree of Perfection would not be influenced

by any variation that might exist between bobbins of the same

sount yarn.

The description of these yarns is given in Table 1.

Table 1. Dtleriptibn of Yarns Tested

Sample Count Type of 8taple Twist
Cotton (ia.) Multiple
1 10's Egyptian 1-7/16 3.4
R - 23's _____American 1-1/8 _ S.8 -
3 26's Aserican 1-1/8 3.6
4 30's Egyptian 1-13/32 3.4
3 38's Rgyptian 1-13/32 3.4
e 44's Egyptian 1-13/32 3.4
7 48's Egyptian 1-13/32 3.4
8 66's Bgyptian 1-13/32 3.4
9 60'a Egyptien 1-13/32 3.4
10 66's Rgyptisn 1-13/32 3.4
11 76's Egyptian 1-13/332 3.4
12 80's Egyptian 1-13/32 3.38
13 80°'s American 1-58/16 3.38
14 100's Egyptian 1-13/32 3.4
15 110's Egyptian 1-13/32 3.5

Experimental Method.~-All testing was conducted in an air-

conditioned 1aboratory having standard atmosphere of 85 per

cent relative humidity at 70 degrees Fahrenheit,

The sample

bobbins of yara were first conditioned for two weeks (which
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should insure equilibrium). Eaeh Dodbbin of yarn s sized to
determine the averige yaAra gount by roeling 120-yard skeians
and weighing the skeins on &n anslytiozl balance. A winimum
of three sizings was made for each bobbin sample,

Each yarn was thea broken using & Suter Single Strand
Tester described ia Chapter 1II with &8 ten-inch jaw distance
for all break-tests, Approximately ons yard of yarn was
removed from the bobbin between individumal break-tests. The
testing precautions listed in Chapter II for single strand
break-tests were ocbserved. A minimum of forty bresk-tests
was sdde on emch bobbin.

Each yarn sample was then tested on the Uster Evenness
Tester equipped with the Linear Integritor as deseribed in
Chapter II. The testing prbcoduros tolloved were as described
ia the "Iastruction Book tor tha Ustor Svonneas T‘-ter." (23)

A -ntorial speed of four yard- por ninute s leloctod basod

on & consideration of the variance-length curve relationship
in testing yarn irregularity. (27) Ten Integrator readings
&t 30-second intervals were taken per bobbim tested for & toial
minimum of 28 yards of yarn tested per bobbhin as recommended
by the Uater Corporation. (27)
For eAch of the tests outlined above the mean value
was determined from the minimum number of tests specified.
The percentage coefficient of variation was then calculated
for the count determination and the break-strength tests, and

the value obtained in efgch okse was substituted in formula (19)




to estimate the correct number of tests to be made. The

nupber of tests run in ekch case was then &djusted if necessary
80 that the mean value used in subsequent calculations should
be at least within six per cent of the true valuve 95 times

in 100,

Caleulations.~-The following statistical symbols and relation-

ships used are defined As:

¥ = arithmetic mean = ?ﬁi‘- (20)

G*s squared standard deviation = J(x?) - Gx)% (21)
n

where
T ——

n = aumber of observations

Z = sunmAtion or sum of
Theee symbols and relationships have been used throughout the
exporimental procedure,

From formulk (19) the ecocefficient of variation per-
centages of the observed values must exceed the following
.values in each case dbefore the mipimum number of tests pre-
vicusly specified would be increased;

CV(sizred counts): 8.3
Cv(break tests) : 19.4
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As specified in Chapter IX the following relationship was
used in determining the CV{actual) from the Uster Linear
Integrator values:

Cv(sctual) = 1.25 v% (23)

where U% is the Uster corrected mein linear unevenness viklue,

As discussed in Chapter I the Degree of Perfection was
clculated first utilizing the theoretieal work of Martindale,
and then utilixzxing the theoretical work of Duerst. By
definition from formula (5):

Cv(zctual)
Degree of Perfection = W{ﬁf‘f‘r (5)

The following formula was used to determine CY(limit) by
Enrick's method;

“'¢§(11;££iw;“6;§j -”h‘“r; e r.'. - : ®

where fiber weight is taken as the average Nicromaire reading
for the particular type of cotton being considered, The
Cv{(actual) was determined from the Ustor Evenness Tester.

Using Duerst's hexAgonkl fiber pattern theory the
CV(linit) was dofined as:

ov(limit) = 122 (18)

where "u" equAls the Average mumber of fibers per cross
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gection diameter. Formuls (18) was solved using formula (15)
to determine the Cv¥(1limit) as:

Cv(limit) = 100 (24)

1 4 8000 -1
V¥ ots

Also using Duerst's theory the CV(asctual) was determined

from the single strand break-tests As:
CV(actunl) = Cv{(break-tests) (28)

In the following chapter the calculations Are summariszed for

conparison of the two different approaches to determining the

Degree of Perfection of cotton yarns.




CHAPTER IV
RRSULTS

The sample nunber assigned to each different manu-
factured yarn count ia Table 1 (psge 34) has been used in all
the other tables as the identifying symbol for the different
tests and calculations mide. The mtnufactured count of
Sample 8 ia less than Sample 9, hut the astual yarn count
determinations summarized in Table 2 show the reverse to be
true. Also, the manufactured counts of SBamples 12 and 13 are
equal, but Table 2 shows that the agtual count of Sample 13
is less than Sample 12,

P — e

= A o i P e 1 —

Table 2. SummAry of Yarn Count &nd Actual
Tarn Variation Desterminations

Banple Sized CY(actual) by Single Cv(aatual) by
Number Counts S8trand Break-Tests gster Testor
1 8.3 5.53 9,89
2 232.3 9.50 16,24
3 26 .6 9.70 15.06
4 29.2 7.65 16,93
5 37.6 9.56 17.21
6 43 .4 9.55 16.57
1 46.9 7.28 17.82
9 56 .2 11,87 19.00
10 63.0 13.44 19.87
11 70.2 13.19 20.74
12 76 .4 18.03 25.97
13 70.7 13.98 22.38
14 95.9 14.28 22.48

13 111.0 17.351 25.74




The sample numbers inore&se As the msnufactured yarn'oounts
increase as listed in Table 1. In addition, it should be
remonbored that Samples 2, 3, and 13 were yarns made from
American Upland ¢otton, while a1l the other stmples were made
from Egyptian cotton. As the fiber fineness wvalues of these
two types of cotton are not the same, & comparison of Samples 2,
3, and 13 with the other samples tesied requires consideration
of this difference. These points of distinction &re emphasized
s they miy not he readily aApparent in the interpretation of
the experimental results, The tables ia the Appendix contain
the individual sample results of the wvarious tests conducted.
The tables and figures in this chapter summirime the results
of all tests in appropriate groups. The formulas used in the
¢alculations are summArized in Chapter 11l and fuxther explained
in previous chapters. ST : S

The sctual yarn variation values detersined from single
strand break-tests and from the Uster Tester are summArized
in Table 2 and graphically represented in Figure 2. The
variation values derived from the break-teats are lower in
211 cases than the values determined from the Uster Tester,
Table 3 shows that the Degree of Perfection value calculated
from the break-test variation values in the majority of cases
is less than one. By definition the Degree of Perfection can
not be less than one. This inconsistency appears to be sig-
nificant and is further diacussed in Chapter V. Table 3 also

includes & comparison of the Degree of Perfection vhlues
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obtained by the Duerst aand Earick methods using the Uster
values for the Rctukl yara variation values,

Table 3. CompArison of Degres of Perfegtion
Values Computed by Various Methods

Sample  CV(break-test CV(Uster CY(Uster
Brlt Gmpen el adbiiel )

) 1.18 1.98 2.08
3 1.14 1.98 1,98
3 1.08 1.5 1.68
4 0.88 1,89 2.04
8 0.93 1.87 1,83
¢ .86 1.49 1.64
L4 .63 1,31 1.68
8 0.70 1.60 1.79
9 0.92 1,51 1.65
10 0.97 1.44 1,62
1n 0.9 1.43 1.61
12 1.18 1.7 1.04
13 0.82 1.41 1.52
14 0.88 1.30 1.50
18 0.93 1.37 1.9

Figure 3 and Table 4 show the comparisoan between the
minisum yarn variation vklues determined by the Duerst and
Enrick methods, Figure 3 shows that the minimum variatioa
values for both methods appear to increase parsbolically as
the yarn eount increases., The CV(limit) values for the yarns
stde from American cotton do not &gree with the Egyptian
cotton values. This difference is WMBIO as thw
formulas used in the ealculation of these values inecluded
2ibexr finensss shich is different for each type of cotton.

The Amsrican cotton values would fall on & separate curve
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slightly higher than the eurve for Rgyptiaa esotton.

Table 4. Suwmiry of Ninimus Yara Variation Determimktions

Sample C¥{limit) Cv(1imit)
Number by Duerst by Enrick
1 4,89 4.68
2 8.31 8.32
3 9.12 8.97
4 8.95 8.39
] 10.38 9.41
¢ 11.11 10.10
7 11.84 10.%0
8 13.16 11.74
9 13.38 11.50
10 13.79 12.24
11 14.58 12,868
12 15.28 13.41
13 18,76 14.63
14 17.30 15,02
18 18.76 16.16

Puerst’s minimun yara variation vealues are slightly
higher than those determined by Enrick's method., This
difference becomes proportionmally greater as the yarn counts
increass. This difference is further emphasised when the
CV(1imit) values are squared inm Table 85 aand illustrated
graphically in Figure 4. The squired minimum variation

values lis on straight-line curves as the yarn count in-
croages. The formulas for these curves for the Bgyptianm eotton
yarns only were deterainsd by the method of least sguares.
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Table 5, SussAry of Bquared Values of Miniwum
Yarn Tariation Determinations

Sample Sized (Cv-1imit)d (cv-1imit)?
Kumber Counts by Duerst by Enrick
1 ' 03 33 .’1 ) 21 - 90
3 23.3 69.08 67.57
s 26,6 83,17 80,46
4 29.3 . 80.10 68.732
s 37.6 108,68 88.55
é 43.4 123.43 102.01
7 46.9 138.49 110.28
8 53.8 173.19 137.83
P 56.2 165.13 133.28
10 63.6 190.16 149.82
11 70.8 211.99 165,38
12 76.4 233 .48 179.83
13 70.7 248,06 214.04
14 95.9 299,29 223 .80
18 111.0 351.94 261.15

The method for determining these formulas from the values

in Table 8 is fully explained by Brownlee (28) and iz & standard
statistical procedure, The formulas ¢an He used to estimmte
the squared minimum yarn variation value for & known yara

count with the restrigtion noted below on Migromaire values.

By Duerst'’s method the formula is:

Y= 3,26X - 15,18 (28)

where; Y = squared value of CV(limit) by Duerst

X S yarn count for Egyptian cottoa with &n Average
Micronaire value (Upland Scale) of 3.8




By Eurick's method the formuls is;
Y ® 2.85% | an

where; Y = squared valus of CV(limit) by Emriek

X = yara count for Egyptiaan cotton with an average
Micronaire value (Upland Scale) of 3.5
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CEAPTER ¥
DISCUSSION OF RESULTS

In Chapter I the hypothesis was ulﬁo that the variation
in the number of fibers per yarn oross section sould be
determined from the variation in yaran break-strength if the
yarn was Approximately at nlxtlun_tvitt. Additionll_eﬁl-
culstions were made to estAblish & comphrison between theoretiosl
mazinus yorn twist aad méaufactured yara twist iz sn attempt
to explain the inconsistent strength versus weight-per-unit-length
variation results, Duerst (12) states in his treatise on
eotton yarn caloulations that the maxisum yarm twvist for
sAximum strength ¢an be determined by th§ following formula:

t= t’:.g (29)

where: t & saxinum twist
Ly = effective staple length (grader's staple length
for oarded yarns and five per ceat greater for
combed yaras)
u = average number of fibers per cross section dia-
meter determined by formula (138)
The theoretical miximm twist was ckleulated dy this formula
and the manufactured twist deterained from the Spinner's




Rule that twist is equal to & multiple times the square root
of the yarn ¢ount. The twist multiples are listed ia Table 1
(Chapter III), Table 6 summrises these enlculations for
coupsrison. In wost chses the yaAras tested wers undertwisted
by Duerst’s formula &nd would lead to the conslusion that the

conditions of the streagth-varistion hypothesis had not been
followed, However, Sasples 1, 2, 3, and 13 &re all sufficiently
alose to maximum twist by the Duerst formula thamt the oon-

ditions of the hypothesis appear to be satisfied, dut Pigure 2
(Chlpﬁr IV) shows that the differemes between the variatiom
values is mot particularly iarger or smiller thaa the dif-
ference for the other yarns,

Table §. CompaArison of Chlculited Yora Maxiwom Twist
and Caleulated Tars Aotuml Twist

;
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CRAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

Ia any manufagtured product & certiia amount of wvar-
intion is ineviteble. Bome of this variatios is attributable
to ohince and some of it to assiguable causes. A mtnufacturer
shnnot afford to produce 8a uneeonomicsl produwct. In makiag
decisions relative to the sconomy and efficiency of produging
-ditferent eounts of yara some socamon standird of gomparison
nust be used. To directly c¢ompare mefsured yarn variations
of different yara counts neglests the ineretsing variations
attridbutable to chance c¢huses &8s the yaram gounts increase.

The Degree of Perfection technigue was designed to
avoid thie pitfall., Its use permits the eomparison of dif-
forent yarn counts &nd Sa evaluation of oversll product

efficiensy. The manufacturer otz then decide from his know-
ledge of produstion costs, sales volume, and related matters
whether it would be more economicsl to diseontinue producing
& certain gount yarn, or whether it would be more economical
in the long run to determine and lower assignable causes of
product variation. The Degree of Perfection values of all

eounts of yara produced should be Approximttely equal. A
rise ia the value for 8 certaia yarn would indicate a possidble

source of trouble. A desreass im the value for & gerisin
yara would indicate the existence of 8 possible prosedure for
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redueing assigaable variation that might be applied to the
produstion of other yAra e¢ounts. This could lead to 2a overall
increase in mill efficiendy. ¥hen yarns Are mude on order, &
trial run determimation of the Degree of Perfeetion would
permit eomparison with the mill's values for other ysrns Slready
being made, This comparison might mmﬁo that it would be
unsconomical for the mill to Rocept & eontrtet for & certain
eount yarn without expensive experimeatation &nd alteration of
existing production techniques. The Degree of Perfection teeh-
aique could &lsc b used By purehisers of yiras to evaluite the
yiras bought Gghinst a desired standard,

- It has been determined that the faetors affecting
sotton yara irregularity are the variation in the mmber of
fiders per eross section arefd snd the wvariation of iadividual
fibers themselves. Also, it has been showan that gotton yara
irregularity has & defiaite minismum or imherest variation
which imcreases as the yarn counts incresse. The existence
of this mianimum variation explains the iankccuracy of attempt-
ing to sompiire yaras of different eounts solely on the basis
of some medsurensnt of Sctull yirn variation. To compare
yarns of varying eounts the Degree of Perfection wis utilisged
and defimed s the ratio of the Sctusl yarm vAriAtion to the
minimum yarn varistion. The value of this retio at & minimwm
is one, when the yarnm is perfect. 7¥For comparison purposes the
yara vith the lower Degree of Perfection vilue is the better

YRR,




Two methods of determiniag the mianisum yara variation
wore explained and tested, and it was found that the Duerst
wothod gave higher values then the Enrick method. VWhioh is
the better method te determise the aminimum yAra variation s
& diffieult question to decide. The theoretieal determination
of mintuum yirn varistion by MArtindale appofrs to de more
satisfagtory from the standpoint of rigid sithemmtical proof,
Duerst's theory imvolves certiin empirical relationships that
provent rigid mithemties] derivAtion. Praetice bas showa
that these smpiristl relitionships appedr to exist &nd thus
the writer does not feel quilified en the Msis of this thesis
to pass Judgment on the best theoretical determination of
sinisun yars varifition, or the best method of measuring
minimum yarn varistion.

However, it is felt that both Duerst 2nd Enrick have
seglosted one of the fietors of ylirz variatioa ia their
respoetive methods of mefisgrement. Their methods are hoth
based on the varistion in the mumber of fibers per yAra aross
section, Snd utilise the avertge fiber weight-per-unit-length
(Mieronaive), This proesdure implies that the variation in the
f£ibers themsolves 13 sither nom-existunt or negligible ia
relation to the fiber meAn value, Ko informmtion eould be
found ia the literature oa the vilus of the variktion among
the individuil fibers in & yarn ¢ross section.

It is believed that this point should mot pass us-
aoticed however, &g it is difficult to immgine sature producing




any two items exmetly 8like, The density of ecottom (i.e.,
collulose) is sonstant. Fiber fineness medsureménts medsure
the fiber linear density (weight-per-unit-leagth), but this
value is not sonstiat., The miturity of the cotton fibers is
A setsure of the amount of ¢#llulose deposited om the immer
wall of the fiber, It is possidles to hive two ssuples of
sotton fibers of equil finwvness values (Micromaire) and equal
sauple weighta. However, if the Smount of wvariation of fiber
mturity were very iirge ia one simple and very smmll ia the
other simple, there sould W & signifisint differense ia the
nunber of fibers ia efich stmple. Whether the yarm varistion
vklges would be significantly different in the case of & wide
variation in the weight-per-unit-length of the fibers umed to
mkke the yirn is unknown, The Answer might show that the
individual 2iber varistion sctually s & wegligible effect
eompaAred to the varidtien in the aumber of fibers per yira
eross section, but from & theoretiesl standpoint this fagtor
should mot be ignored. It is recommended that further research
be sondunted to determine the anwswer to this problem,

The method of determining the agtusl yiirn variation by
an slsgtroanie tester such &8 the Uster for meksuriag yarn
woight-per-unit-length variation is faster and less subject
to error thaa the sethod of single strand break-tests, The
feot that & correlation between the two wmethods sy exist is
not importint to this thesis. The two methods should have
produced the same results and did not. The wse of strength




variation values in determining the Degres of perfection
values gave erronecus results. The use of the siangle strand
break-test method requires more refinement in stipulnting the
conditions under which it eould be used. It appsars that the
slestronic tester method would be applicible ia all omnses,

The Degree of mtoot;ou values &ppetr to he saAtis-
fagtory for eomparing yarns of di!!onﬁt counts. The eatire
procedure for the determinstion of these values is lengthy
and eaAn be simplified for use &8 & quAlity sontrol wmeadsure,

A satisfastory Degres of Ferfeation vilue for the yarns being
produced in & mill ean be selssted. A straight-line formuls
such &s formuls (27) or formula (28) can be determined for the
Average fider finenses wsed in meking the initisl sottom
blend. This formuls ean then be used with & desired Degree
of Perfegtion value to estimate the a¢tuil yarm variatios
desired for & given eount yara.

For example, from Table 3 the desired Degree of Per-
fection value of 1.6 might be sslected for both the Duerst
and Exrick methods. Then, by the Duerat method the standard
Actutl yarn variation formula &t &n Average fineness of 3.9
would de:

L}

standard CvV{(actual) = 32.89 Vcounts - 4.85 (29)

Also, for the Enrieck method the standard yarn viriation




formula &t &n Average fineneas of 3.5 would be:
standard CV(actunl) = 3.48 Veounts ' (30)

Yarns can then be tested on &n elee¢tronic tester such as the
Uster and their values ¢ompared directly without extensive
calculations with & desired standard value. This would Appear

to be 3 useful quality control measure,




APPREDIX
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Table 7. Determination of Actual (Bimed) Yara Count

Test Yeight Count Tost Weight Counat
(Grams/120 yds) {(Grans/120 yds)
Sample 1 Sample 5
) | ¢.9594 . 9,3 1 1.7691 36.6
2 6.9970 9.3 2 1,8971 38.2
3 7.0018 9.3 3 1.7088 37.9
Sixed Count = 9.3's Sizned Count = 37.8's
C¥(ocount) = 0.00 CV(count) = 3,328
Sample 2 Samuple €
1 2.9118 22.3 1 1.4987 43.3
2 2.8754 22.5 3 1.5181 42.8
3 2,9425 22.0 3 1.4708 44.1
Sised Count » 22.3% Simed Count = 43.4's
CY(count) = 1.18 CV(eount) = 1.52
Sample 3 Sample 7
1 2.4811 26.4 ) § 1.3943 46 .4
2 2.3848 27.2 2 1,3834 46 .8
3 2,4745 26.3 3 1.3855 47.5
Sisned Count = 28.8's Sized Count = 48.9's
Cv(count) = 1,99 CVv(eount) = 1,19
!25210 4 Ilggl. 8
) | 2.2123 29.3 b § 1,1148 58.1
2 2.2299 29.1 23 1.0910 59 .4
3 2.2182 29.2 3 1.1120 58.3
8ized Count = 29.2's Sisged Count = 38.8°s
C¥(eount) = 0,34 C¥(count) = 1.19

(Continued)




Table 7. Determiastion of Astutl (Simed) Yaram Couat

{Continved)

Test Veight Count
{(Orans/120 yds)

Sample 8
1 1.1} 85.1
2 1.1357 57.1
3 1,.1463 6.8
Sismed Count » 34.2°'s
CV¥(eount) = 1.83
&!glo 10
1 1,0192 63.8
2 1.0181 63.6
| 1.0208 63.8

8ised Count = 83.6's
C¥(eount) = 0.11

Sample 11
1 0.91485 70.9
2 90,9300 9.7
3 0.9248 70.1
Sissd Count * 70.2's
CV(eouat) = 0.87
Sample 12
1 0,8318 78.1
2 0.8337 77.8
3 0.8617 78.2

Sised Count = 76.4's
CY{count) = 1.73

Test VWeight Count
(Grans/120 yds)

le 13

1 0.9294 69.7
2 0.9045 71.6
3 0.9148 70.8

Sized Count = T70.T's
CV(count) = 1,34

Sample 14

) § 0.6778 5.6
2 0.0804 4.0
3 0.6812 98.0
Sized Count = 95.9's
C¥(count) = 2.1}
SaAmple 18
| 00,5882 110.2
2 0.9914 109.¢6
3 0.8727 113.1

Simed Count = 111.0's
Cv(oount) = 1.89




Table 8. 8ingle Strand Break-Teat Results

Bresking Strength (pounds)

Sample 2 Sample 3

. 0.83
1.01 0.93
0.97 1.168
0.94 0.98
- 1,01

0.87

0.88

0.95

1.01

1.08

1.08

1,01

0.97

0.88

0.85

1.11

0.91
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0.87

0.91
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Table 8. Single Strand Break-Test Bssults (Continued)

? Breaking Strength (Grams)

Sample 8 Sawmple 7 Sample 8 Sample 9 Sample 10

260 320 280 385 240 208 305 280 180 200
200 390 315 398 280 190 230 230 163 130
260 308 340 260 240 218 240 330 148 130
260 308 318 288 238 200 168 2258 158 190
310 315 290 303 183 190 428 225 160 170
308 368 2378 290 238 308 220 218 158 200
370 338 280 310 228 1310 300 240 170 170
280 8185 a7% 308 198 218 190 335 170 208
350 268 270 290 2320 200 218 310 190 188
330 31% 308 300 2320 238 180 233 178 1658
310 330 295 280 430 220 260 220 180 218
310 835 278 280 200 238 220 220 200 200
315 318 295 320 230 190 270 1990 140 200
300 340 260 315 188 230 198 230 218 198
330 338 260 270 310 210 430 240 133 17
268 278 280 240 230 208 238 170 188 180
380 348 310 285 320 190 190 200 160 180
330 278 370 310 180 a358 170 240 145 168

_ 320 248 270 298 188 240 208 240 213 190

| 290 288 318 308 200 218 188 213 200 198

Average
sos 290 214 218 176
C¥(actual)
9.58 7.28 9.18 11.87 13.44

{Continued)
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Table 8, Single Strand Break-Test Results (Continued)

Bretking Btrength (Grass)

Sample 11 Sample 12 Sample 13 Sample 14 Sample 18

200 148 128 130 178 1%0 120 100 93 80
183 138 160 110 150 135 120 100 98 100
180 1908 150 140 160 143 130 108 80 120
208 160 170 100 130 120 105 108 ™ 125
160 208 130 148 180 135 110 $0 85 98
140 188 140 110 143 120 115 100 160 70
188 168 188 100 145 110 90 100 100 70
180 188 100 2 140 130 110 85 118 120
198 158 148 110 160 120 3128 138 130 120
148 180 118 100 130 130 128 138 120 130
188 180 130 138 143 130 100 98 98 835
138 215 120 140 170 128 7% 138 118§ 100
158 148 120 148 130 150 80 100 88 100
145 195 125 78 136 170 165 115 125 115
160 180 108 75 138 110 108 125 98 130
130 170 120 180 188 180 140 95 8% 78
188 180 140 120 180 148 115 120 115 20
160 198 118 188 110 158 110 85 85 135

195 160 65 1388 185 180 120 115 90 90
j 160 158 130 100 128 148 105 138 118 130
Avtrl!!
170 124 142 110 102
Cv(actual)
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i ...  Table 9. Tara mun By Uster Testey

" neliding Integriitor  Avéitge - Correstion - N

Runber N Valwe Tostor ) |

| —— - -

? Sample 1 |

a 1 17.98 2.6 9.8 .44

{ 2 8,00 3.0 0.94 7.82

| 3 9,00 5.0 0.91 8.18

- re 7.8 4.0 0.9% .19

- 8 7.98 . s.0 0.9¢ v.29

| s (8.0 4.0 0.9 1.9

: N B l;.g,. | 1.8 0.97 5.00
R . 8.89 .8 0.98 .2

I B X ORI X SR

| cvtutun = 9.89 - Ui(average) = 7.67

| Y 13.9 0.0 1.00 13.00

| 3 14.0 1.0 0.9¢ 18.44

| ] uj'.:_; 9.0 ¢.0n 1%.88

i . 1‘5 } ’o. .'“ uo“

| 7 1¢.8 3.0 ..80 12.91

‘ s 4.0 3.0 0.09 12.46

: ® 14.8 2.0 0.98 19.5

| 10 4.0 3.0 0.9 12.88

; Cr(setua1) * 10.34 vk (sverage) = 12.99

‘ Sample 3
1. 14.0 3.0 0.89 12.46
3 12.8 3.0 0.80 11.18
] 12. 3.0 ¢.80 11.18
8 14 .0 4.0 0.5 12.0¢
' uo. ’0‘ o.” 110"

; : 13.9 :.: : gz

’ 8 ; .0 8 13.90

? Cv(netm)) s u.u u(m‘ y =

| . [ P R 1 L et g -




Table S, Tira Varistion By Outer Tewter {Centinmued)

weding fateifrt tor Avevige currut:lu III
mber " 'l'nu
Ssaple 4
1 110' "’o. 10“ n-“
PO 3 B Ee
H 1.0 | .azg 5 148
[ ] 13.0 -3, l.g 14.58
' 120 30 : 13,48
’ 1%.9 -:2. }E 11;.‘1
10 {H -2.9 1. :
ovinetwi1) = 14.93 Wi(aveiige) * 18.88
ganple 8
l “0. .0. loz l‘-“
’ u.. -.‘. 1’ 1‘.’.
3 14.¢ .0 1.9 14.00
H 1570 e 14 1637
H 1.0 32! ¥ 4.1
| 13. S P . 13,
. u.. "'lc. lo" n.“
. nd -1-.' 1." u.a.
1. no "1.' 14" noa.
Cv(natw}) = 17.1 S{avivige) = 13.77
Sauple ¢ )
1 13.8 2,0 0.9 12.432
2 14.0 1.5 0.4 13.16
s 16.9 :.5 0.87 13,92
4 18.¢ 0 0.9 18,38
‘ I‘.’ ’o” .o” uo“
¢ 14.0 3.0 0.92 12.88
7 14.8 3.0 0.93 13.%4
8 14,0 2.0 0.92 12.88
$ 14.8 1.8 o.M 135.63
10 315.6° 1.0 e.98 14.40

Mn s 16,97
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Table 9. Yare Variatioa By Uster Tester (Continued)

Reading Integrator Average Correction iy 3
Humber : % alue Fastor
Sample 7
1 17.8 5.0 0.83 14.53
2 18.0 8.8 0.83 14.76
3 17.0 4.8 0.84 14.28
4 16,8 4.0 0.88 14.19
8 16.0 3.0 0.89 14.24
¢ 16.8 4.0 0.88 14.19
' 4 16.85 4.3 0.84 13.88
8 16.8 8.0 0.89 13.70
9 16.0 4.3 0.%4 13.44
10 16.0 4.0 0.98 13.78
Cv(actml) = 17.63 Ui{averige) = 14.10
Sample 8
16.85 0.8 0.98 16.17
17.8 2.0 0.92 16.10
18.0 2.0 0.932 16.58
19.0 3.0 0.89 16.91
- .- 308 3.8 Q.87 . 18.97 .
. - o ,C’ 0'.’."“""' 11.”
18.0 2.8 0.90 17.10
19.5 203 o.” 17.55
18.0 1.5 0.94 16.92
_ 17.0 0.3 0.98 16.66
Cv{actual) = 21.06 V% (average) = 16.83
Sample 9
1 18.8 3.0 0.89 16.47
2 17.0 3.0 0.89 15.13
3 18.0 3.0 0.89 16.02
4 17.8 2.8 0.90 15.78
8 16.8 2.0 0.92 15.18
] 16.0 2.0 0.92 14,72
7 15.8 1.5 0.94 14.587
8 16.0 2.0 0.92 14.72
9 16.0 2.0 0.92 14.72
10 16.0 2.0 0.93 14.72
f C¥(setunl) . 19.00 Uk(average) = .15.20

(Continued)
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Table §. Yarnm Varisation By Uster Tester (Contimued)

Reading Integrator Average Correction %
Number 1) 2 Yalue Factor
Sample 10
3l 16.8 2.5 0.%0 14.88
2 17.0 3.9 0.87 14,79
3 19,0 4.0 0.06 16.34
4 18.0 3.0 0.89 16,02
8 19.0 3.0 0.29 16.91
¢ 17.3 3.0 0.89 15.58
7 19.8 5.0 0.83 16.19
8 20.0 4.9 0.84 16.80
9 18.¢ 4.0 0.88 15.48
10 19.0 4.8 0.84 15.96
C¥(actunl) = 19,87 U%2{average) « 15,89
Sample 11
1 18,0 1.5 0.94 16.92
2 18.8 1.0 0.98 14.88
3 16,8 1.8 0.4 15.51
4 18,0 2.0 0.92 16.58
B 18,0 3.0 ___0.89 16.02
SR HEEheRa ¢ X S 3% B 0.5¢ 16.92
L4 19.0 1.0 0.98 18.34
8 19.0 1.8 0.94 17.86
9 17.8 3.0 " 0.92 16.10
10 19.0 3.0 0.59 16.91
Cv(actual) = 20.74 O%(average) = 16.59
Sample 12
1 20'0 -2.0 1.09 21.80
2 2000 -2.0 1.09 21080
3 20.0 "1.0 1.0‘ 20.80
‘ 2000 ‘-1.0 1.0‘ 20080
5 1’00 "1.0 1.“ 19076
‘ 1905 -005 1.02 19:89
7 20.0 -1.0 1.04 20.80
8‘ 1900 "1.5 1.07 20.33
9 19.5 -1.8 1.07 20.87
10 20.0 -1.0 1.0‘ 20.80
CV(sctual) = 25.97 Ui (average) = 20.77

{Continued)




Table 9. Yarn Variation By Uster Tester {(Continued)

Reading Integrator Average Correation %
Rumber ¢y 8 Value Factor
Sample 13
) | 18.0 0.0 1.00 18.00
2 18,0 0.0 1.00 18.00
8 1705 -0.5 1.02 17085
4 17.8 6.0 1.00 17.5%0
5 17.8 0.5 0.98 17.18
8 18.0 1.0 0.98 17.28
7 17.8 0.8 0,98 17.15
8 19.6 1.8 0.94 18.33
9 18,9 0.8 0.8 18.13
10 19.8 1.0 0.96 18.72

CV(actual) = 22.26

Sample 14

: | 18.0
2 17.0
3 17.8
4 . 18.8.
g s— H.‘a-._._._.._-_ e
¢ 17.0
7 17.8
8 18.0
8 17.0
10 18,0

Cv(actual) = 22.48

Sample 15

19.0
18.5
18.5
20.8
21.0
19.5
18,8
18.8
18,0
10 17.0

© G0~ OB s LI B

Cv(actual) = 25.74

I
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CO0Om

. B & B
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U%{average) = 17.81

ol Gt bt it
. .

LI T

»

|
o
8333223232

ot ot et s b s

18,72
18,83
18,20
18,80
17.68
17.68
17.80
18.00
17.00
18.00

vk(average) = 17.98

A & = &

Jub b s Juh b o (b it b b
L]

QOO0 HOHOO

DOOODhOM

19.38
19,79
20,72
322.38
23.94
21.26
20.17
20.17
19.62
18,53

0% {aversge) = 20.859
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