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ABSTRACT

Rupture pr0perties of twisted continuous filament yarﬁs are
1nvesti@ated over a twist factor Tange - up to 100 tex# turns/bm.
The rupture propertles studled are mechanism of yarn failure, yarn
~break1ng extension, tenacity and work of rupbure. The effect of tw1sb1ng
tension and the method of twisting dre also studied.
Chapter I is exclusxvely devoted to the review of earlier uork on
, the theoretlcal and the experlmental aSpects of the subgect The gaps o
in the knowledge and the chosen fleld of work have also been dlscussed.
The results of the main experlmental work, carried out by the
methods decribed in chapter II, are presented in chapter III. The
experimental data &\?e mainly concerned with i;ensile tes’b results on the
‘Inbtron tester, Usuer automatic strength tester and IP2 Scott tesher, B
and the results of the determlnation of yarn structural parameters.
The yarns investigated, viz. v1scose,-acetate,-lenasco, nylon and

Terylene, were twisted on both an uptwister and a ring doubler, ‘Effecﬁ;f:'

of twisting tensiohs on the rﬁpture properties and twist conmtraction
factor is'also studied.

4Subéidiary eipériments Qere conducted- to 1earﬁ more_aboﬁt actual ; 
yarn structure, éétual mechanism of yarn failure and the influence of
twist on'the rupture p?OprtleS of 31ngle filement g. Aﬁtention ﬁas

partlcularly focussed on the explanatlon of the yarn breaking exﬁensmon'l




‘behaviour withltwist; Thé'eXperimental prbcedure, bhevresults’l‘
obtained and the discussion are included in chapier‘iv_.

In éhapter V, the theory of the relations between yarnéxten's:ihon
ahd‘tenaciﬁy values énd filament prdpe?tieé.istdeveloped'by considering
éome_of the.impoitant neglected factors_like yérn 1aﬁeral contraction
‘\ra$iq,“1$rge ekiénsion values and the influence of‘both tensile and' |
cémpressive’foréés ﬁheanboke's law relation ceaées té,hold.ﬁ |

In chaﬁter VI, tﬁe reasbhs for the variétion of stress-strain\curves,'
yarn breaking extension and tena01by are dlSCUSSGd and the results compared
with the theoretical predlctlons. The explanatlons of all the results
assume the idealised hellcal model of the yarn structure. The-lnfluence"

- of the twisting - condltlons to produce buckled yarn structure is con51derod
in the explanation of the breaklng extension behavmour’w1th tuist. ¢The 
nature_éf yarn failﬁre is observed to.be more:compliQated'than so far _:,
1pQStulated;~’ |

wnth regard to the tenac1ty values, Lhe 11m1ta$10ns of the éssump—.
tlons, viz. Hooke's law or linear form of relaklon, are discussed. The.

simple relation (<1256x3 is found ‘o give léss satisfactory agreement |
W1th the experlmenbal feuults. |
Part of this work has been published in. the Conférence Issue of

the Journal of the Textlle Institute, 1959, 50 T83~m T111.
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CHAPTER I

INTRODUCTION

1.1 GENERAL INTRODUCTION

The basic materials available to a textile technologist are
textile fibres, but many properties of yarns and fabrics depend
upon how the inherent fibre properties are modified by processing
techniques and the geometry of the structures* Recent trends in
textile technology are in the direction of replacing hit and miss
techniques of designing by the precision of engineering design.

F. T. VCiTce” in his classical paper "Geometry of Cloth Structure"
has pointed the way. All fibres have to be converted into yarns
before they are woven into cloth, or used as yarns alone. Therefore,
knowledge about the properties of yarns, and the way in which they
are related to yam geometry and inherent fibre properties is of
considerable technical importance.

Among the yam properties which can be related to fibre
properties and yarn geometry, the mechanical properties of twisted
yarns are of great importance. The natural and man-made staple
fibres are almost invariably converted into yarns by twisting them
together; and almost all continuous filament yams have some twist,

while some are highly twisted. Voile and crepe yarns, some bulked



yams, and tyre cords are examples of commercially employed
twisted continuous filament yam structures. Some yarns are
twisted for better strength realization, while others are twisted
for appearance and handle.

The simplest of the mechanical properties of twisted yams
which can be investigated aim the behaviour under an applied load
or extension along the yam axis i.e. the tensile load-extension
relation up to rupture. Knowledge about the behaviour under low
extension or load will be of importance in establishing the best
tensions and techniques to be employed in converting yarns into
cloth or other composite structures. The rupture behaviour will
be a useful guide in predicting the serviceability of the final
industrial and commercial products.

The present investigation is mainly devoted to experimental
studies of the rupture properties of twisted continuous filament
yarns. Materials with different inherent fibre properties - nylon,
Terylene, viscose rayon, Tenasco and acetate have been studied.
The effect of twisting conditions has also been investigated. The
rupture properties studied are breaking extension, breaking load
and work of rupture. Theoretical aspects of the subject have also

been developed, and their limitations are discussed.

1.2 IMPORTANCE OF TWISTED CONTINUOUS FILAMENT YARN STUDIES.
The constituent fibre elements in yams may be discontinuous

elements as in man-made staple fibre yarns and natural fibre yams



like cotton, wool, etc. They may also be continuous elements as
in natural silk fibre or man-made fibre yams.

In the staple yarns the mechanism of load transmission and
yarn failure, are more complicated than those of continuous
filament yarns. The staple elements introduce the factor of fibre
slippage in the prediction of yam extension behaviour at any load;
and the variability in the number of fibres in the cross-section
introduces limitations to the mathematical analysis of the problem.

Most of the commercially manufactured yarns and fabrics are
made from discontinuous fibre elements. Therefore, the study of the
behaviour of yams spun from discontinuous elements will no doubt
be of considerable importance. But for progress in the study of
any problem, one has to make certain assumptions to simplify the
methematical treatment.

The validity of these hypotheses may be experimentally confirmed,
provided the test sample is a reasonable approximation to the idealised
structure. The study of continuous filament yarns may well serve as
a stepping stone towards an understanding of staple yarns, because
of the two main simplifications in the theoretical developments - firstly,
the reduction of variability in yarn structural parameters, and secondly,
the elimination of the dominant influence of frictional forces as
observed in staple yam behaviour.

The study is also of considerable technical importance in itself,
in view of the wide use of continuous filament man-made fibre yams.

Their satisfactory processing and use depend on their mechanical

properties.



1.3 REVIEW OF LITERATURE.

In the systematic study of a technological problem, it is very
important to collect and understand relevant theoretical and experi-
mental findings discussed and developed by various workers in the
past. 1In the light of such a critical examination, the line of
further approach, to advance the present knowledge, can then be
effectively planned.

In the study of the rupture properties of continuous filament
yams as influenced by twist, the present technological developments
can be summarised under the following headings
1) The yarn structure - Theoretical and Experimental Aspects.

2) The Rupture Properties i.e. Tenacity, Breaking Extension and Work
of Rupture - Theoretical and Experimental Aspects.

3) The way in which the structural properties of twisted yam influence
their rupture properties, together with the closely related topic of
twist conitraction.

4) The gaps in the present knowledge, and the chosen field of work.
1.31 Yam Structure - Theoretical Aspects

The commonly defined elements of yam structure in practical use
are twist and mass per unit length (tex). The twist factor or twist
multiplier, which takes into account both these elements of yam
structure is a valuable measure for use in comparing the properties
of different yam sizes. The methods available for the determination

of these important elements were of the destructive type. There was a



need to define the twisted yam structure so as to calculate
the relations between various geometrical parameters and explain
the dependence on twist of various yarn properties like construction
factor, ‘tenacity, breaking extension etc.
Schwarz2 and Woods3 made valuable contributions by defining the

twist per unit length. A useful geometrical relation is given as

t = “an
TC D (1.31a)
where,
t = twist per unit length
and D = yarn diameter.

2 /
Schwarz 9 corrected equation (1.3la) by introducing the concept of

helix constant 'K!. This correction factor is of practical use in
computing twist per unit length ftom the optical measurements of
yarn diameter *D* and surface helix angle *oc!. The corrected

expression is

t = tan®l
TCKD = o iiiiien.. (1.31*0
where,
K = P.-d
D
cl = fibre diameter

For yarn structure with infinite number of filaments as assumed in
theoretical concept, the value of helix constant !K* is unity.

This relation assumes a circular yam cross section and a helical



fibre path. To simplify the mathematical approach most of the
workers have used idealised yarn structures. Fig. 1.31A shows
such a widely accepted idealised yarn structure. The main
assumptions are
1) The yarn is uniform and circular in cross-section. So
also are the elements of yam structure.
2) The yarn is built up of a number of superimposed concentric
circles, the circumferences of these circles are the loci of the
centres of the individual circular elements which fall into a
rotationally symmetric array in cross-sectional view.
3) Yarn diameter is very large as compared to that of the
structural units.
U) The centre line of each structural unit lies in a perfect
helix, with the centre of helix located at the centre of yam
cross-section.
5) The packing of these structural units, in the yarn cross-section,
is such as to keep their number per unit area, at a direction normal
to their axis, constant.

It is generally recognised that such a structure will not produce
a coherent staple yam. Pfcfrce® postulated that, superimposed on
such a structure there must be some degree of random tangle.

As regards the density of fibre packing, the alternative
assumptions have been considered by some workers”>7. They assumed
that the number of fibres, per unit area at a direction normal to

the yam axis is constant. In other words, fibre packing density is



perspective view

FIG.(].31A)

path of fibre at
helix radius V

(n) opened out helices

path of central
fibre

IDEALISED HELICAL YARN STRUCTURE



minimum at the yarn centre and maximum at the surface.

The geometrical packing of units into yarn structure has been
discussed by Schwarz ¢ He assumed the yarn structure to be built
up of a core and pseudo-cores. The core itself may be composed of
one to six units. Whatever may be the core, a circle may be drawn
to circumscribe it. Fibres with their centres on another circle
concentric with this will constitute the first pseudo core. The
radius of this pseudo-core will be equal to the circumscribing
radius of the core plus the radius of the structural units. The
number of units which can be packed in this pseudo-core without

any distortion can be given by a mathematical expression.

2J1rs
*> -
o (1.31b)
where ~ 5= The number of units in pseudo-core.
rs = The radius of the pseudo-core,
d = The diameter of the structural unit.

Equation (1.31b) assumes close packing and allows the counting of

g
fractions of the structural units in a given pseudo-core. Schwarz
has further discussed the open packing structure. The total number of

units in such an open packing may be given as

s = | + N +1)5] (1.31c)

where S Total number of structural units
N = The number of pseudo-cores in the yam

<5 = The common difference 8 = G when Q.= 1

K = The number of units in the core structure.



Fig. 1.318 represents the idealised geometry of the cross-section
of a zero twist yam. The cross-section of the units are also circular.
When twist is introduced these units of cross section will appear as
ellipses whose major axes lie circumferentially and whose minor axes
lie radially. The increase in the ellipticity is a Junction of the
sine of the helix angle 6” . Fig. 1.31B represents the geometry of
cross-section of such a twisted yarn structure.

Hamburger et al% have shown that the maximum number of units
possible in such a twisted structure without distortion can be
given by an expression

2"it N cosé&r (1.31d)
where N = The number of pseudo-cores

I
0 r= The number of units in r pseudo-core

The helix angle for the elements in *“pseudo-core
If packing factor is defined as the ratio of the area of the yam
cross-section to that of the structural units in the cross-section, the
theoretical close-packed yarn structure as defined above results in the
packing factor of 0.75. This can be expressed mathematically as
packing factor = 1 + 3V+ 3V
where v = Number of pseudo-cores in a structure
having single core unit.
In practice packing factors of the order of 0.6 have been
reported in the commercially twisted yarns.

This theoretical geometry of yarn structure has not been widely
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used in the application to the theoretical developments of the
yarn properties. This may be mainly attributed to the difficulties
in the mathematical computations. All the workers have assumed
the idealised yarn structure built up of idealised structural
units having infinitesimal dimensions. '"Thus the number of units
in an annular ring of radius F and thickness , in the yam
cross-section, can be given by an equation

N = 2Ti rd4dr >
(1.31£)

where N = Total number of structural units in the
annular ring

V = The number of units per unit area of yam
cross-section.

1.32 YARN STRUCTURE - EXPERIMENTAL ASPECTS.

Very little work has been reported to check the assumptions made
in defining the theoretical yam structure. The deviation from such
an idealised yam structure may be due to

(@) Migratory behaviour of fibres during twisting

(b) Buckled inner fibre layers to allow for the recovery of strain
developed during twisting. The tensile strain due to twisting will be

at a maximum in the fibres forming outer yam structure and the least

in those forming the core structure.
No work has been reported to prove or disprove this buckled

structure of twisted yam. As regards migratory behaviour of fibres
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some workers have shown experimentally the evidence of the radii of the
helices followed by given fibres changing along the length of twisted
yvarn. This migration behaviour has been reported and studied in both
continuous filament and staple yarns.

Morton and Yen” reported the arrangement of fibres in Fibro yams.
They employed a tracer fibre technique for the study of this migration
behaviour. The method involves optical observationof the path followed
by dyed tracer fibres, when all other fibres in the samples are
rendered transparent by immersion in a liquid of suitable refractive
index.

The technique has certain limitations in studying the continuous
filament yarn structure due to difficulties in the introduction of
tracer fibre.

Morton” studied the coefficient of migration in Fibro yarns.

The fibre migration principles may be summarised as

1) Migration must take place because of the differencein the tensions
developed among fibres during twisting.

2) In a blend of two fibres differing in the initial modulus, the one
having the higher initial modulus would tend to occupy inner zones of
the structure.

3) The greater the number of fibres in a given yam cross-section,

the greater the obstruction which each fibre has to overcome in
migrating.

4) Higher tension differences must be developed among the fibres in the

coarse yams in order to produce the same effect.
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Kakiégelz studied the effecthf‘twisting tension.én ﬁigrétion_
‘pattern for nylon 750;50 yarns{ He oﬁtainedAé_bundle of fifﬁy.lS,deniér\
- monofilaments having one coloured filament in the centre and éné in tﬁe
outer layer. He tuisted the bundle to 5, 6 and 7 turns/cm. using
twisting tensions of 0.13, 0.20 and 0.25 gms./denier. In &ll the
cages the bundle was twisted by a static device. He coumnted the number
of times on which a parﬁicular dyed filament was exposed on the surfacé
of the yarn. In other words, if a particular dyed filament was observed
to be all the time on the surface, the exposure number per centimeter
would be equal to the turns per centimeter in tha region. The
exposure nnmbéf.was counted for\eachﬁguccessive.region of 4 cm. in 40 cm.
twisted yarn. He observed that at higherthisting‘tensﬁéns, the surfaée‘;{
filament is exposed more frequently then the central filament as shown~i¥'”‘
in Fig. (1.324). _ |
1.33 _Yarn rupture properties - Theoretical aspects -
1.33 A~ Tenacity |

Many attempte have been made t; predict the properties of twisted
yarn structures from the yérn geometry and inhérent-prbﬁerties of the
structural uwnits, From Fig. (1.33A) it can be seen that the stress-
strain relations of commercially'employed textile materials, follow
Hooke's law only in the initial portion of the curve. In the regioﬁ
of breakage the curves may be regarded as linear or ?arabolic in shape.

Mathematical expressions relating the initial modulus, the breaking
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- extension, tenacity and stress-strain characteristics of twisted

multifilament yarns to the inherent filament properties Have been

~ discussed by meny workers.

1 5 ' : V o .
Gega.uf‘f3 in 1907 obtained an expression for breaking strength

of tuisted yarns. In his theoretical approach, he made certain

assumptions which have not been . further modified. His expression

was . . ~ Rp

rdr

Breaking load = 2Wb |

S

where b = The breaking stress of fibres
fqu The radius of yérn éﬁ break
= The helix redius

T = Turns per unit length at break.

This equabion assumes

(1 + 4TC° B Ry

eeee(1a332)

-1) - Idealised yarn structure as explained in para. 1.31.

2) Only the axial tensile forces contributing to the breaking load -

of twisted_yarn.

3) The structural umits follow Hooke's law and are all identical.

4) #ny changes in yarn diameter during extension are negligible.

5) The strain values are low so as to make changes in the surface

helix angle negligible.

6) The yarn extension at break equals the breaking exbtension of the

- econgtituent filaments. .

-From the assumptions 1, 4 and 5, the filament extension 'Gg"can
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be related to yarn extension *£ 1 by the expression

cos” (1.33 b)

where = The helix angle of the filament.

Platt14_ obtained more accurate geometrical relations and
analytically showed that the errors are negligible, thus
justifying the use of equation number (1.33 b).

The relation of yam strain to filament strain can be given as

£r = (1 ¢ £y) secé& - 1
sec £ (1.33 ¢)
where ft and & are the filament helix angles
before and after yarn extension.
Expression (1.33 c) can be written in terms of initial or at
break values for yam diameter and twist per unit length.

Platthas reported a more accurate relation by substituting

initial values of yarn diameter ( R and twist per unit length to

namely
1+ cy)3+ 4X2 t.2 2 1
-1
1+£y) (1 +4T2 tb2r,2) (1.33 d)
and this is equivalent to
F3 cos*fr -1 (1.33 e)

Q. » 5
It should be noted that equation (1.33 e) assumes the change in

yarn diameter to follow constant volume deformation. It seems more



useful to express equation (1.33q) in terras of both yarn diameter
and twist per unit length values at break.

Platt et al]'5 , hav* developed a theoretical approach when Hooke*s
law ceases to hold (Assumption No. 3). TKey introduced a general

stress function of fibre strain, but otherwise made similar

assumptions. They showed that

Bfrr-d,r
Breaking load of yam 21C
i+ 4r2tkR r2 -— (i.33f)
where - Turns per unit length at break

Rb#* The yarn radius at break
P *= The helix radius

fr- The stress function depending upon the
properties of material.

The fibre specific stress function *-frl has a form which depends

on the material properties. It may be linear as in viscose, acetate,
or it may be parabolic as in nylon. When it is linear
fr = A + Be.f (1.339)
where, A and B are fibre constants.

As shown in figure (1.338) A is the intercept on the stress axis
and B is the slope of the fibre stress-strain curve.

From equation (1.33f) he obtained the following expression by
making some mathematical approximations and omitting to correct for

the changes in the linear density of yarn which occurs on twisting.



FIG(I33e)

YARN STRAIN
FILAMENT STRAIN AT BREAK

HYPOTHETICAL LINEAR STRESSxSTRAIN RELATIONS OF
YARNS WITH SUCCESSIVELY HIGHER TWISTS.

19
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Pt =P - tan2C<b(A + B6,) ....... (1.33h)
2
where = Ereaking load of yarn with twist ,tl per unit length

PO = Breaking load of zero twist yarn*

= The helix angle of the outer filaments in yam structure
at break.

£b= The breaking extension of constituting material.
Equation (1*33 f) can be integrated and simplified after correcting
for twist contraction to obtain a mathematical relation beWeenyam

tenacity, twist angle and fibre parameters.

Yarn Tenacity = 2 A cot*'¥X tlogesecCCb+ BE£b cos%*b ..... (1*33 I)
Shorter pointed out that the expression (1.33 h) will hold good

on condition that as the twist is increased the number of filaments in

the yarn cross section must be reduced.

Neal Truslow” has corrected equation (1.33 h) for twist contraction.

Thus

Pt = ("2-f£Co'ta “Xb'icg'eS*cOCb + BELCpS**-S*X*(1.33 J)

where Cy = The a contraction -factor -wist.

The application of an external tensile load, along theaxis of the
yam results in forces being applied to the various fibres. In general,
the stresses which can act on the structural units of the twisted yam
are

1) Tensile forces - direction along fibre axis and normal to the fibre

cross-section.



2) Compressive forces - direction radial and tangential to the
element of yam cross-section.
3) The bending moment.
U) The shear forces.
5) The torsional moment.
It is generally assumed that the fibres are perfectly flexible
members, having an extremely low modulus of elasticity and an
15

extremely large ratio of fibre length to fibre diameter. Platt

considered that under such assumptions it is justifiable to consider

the influence of tensile forces only, and neglect the effect of other:

stresses.
. . 18
In a recent paper on mechanics of twisted yarns, Hearle has
considered the influence of tensile and compressive forces, but
neglected the influence of other forces mentioned above. Assuming
the idealised theoretical yam structure he obtained a condition

for the radial equilibrium of the stresses acting on the small yam

21

element shown in figure 1.33R His expression for yam tenacity, where

the fibre extensions follow Hooke!s law, may be written as mean specific

stress = yam tension
H R2A/
= Vv Xx s. - G (1 -c2 )accbe  ..... (1.33 k)
HR 1 2TLV rr2 oG ¥
c
where c = cosine of the surface helix angle

X = axial stress

G = tangential stress



YARN AXIS

ABCDEFGH-Yarn element

Gr-Radial compressive
X -Axial tensile force
0 - Helix angle

ds-Length of element
along helix

-p - Radius of helix

FIG. 1-331IT FORCES ACTING ON THE YARN ELEMENT

force

22



3C = The measure of the position of fibre in yam

V = The specific volume of yarn.
On substituting the values for X and G from the equation governing
the radial equilibrium of the yarn, he obtained an expression
giving the yarn stress, i , in terms of fibre stress Xf, axial
poisson ratio , and the parameter, C , depending on the

yam twist.

4--v-3gj _ \4-67 .cZ_

(1.331)

where Xf = Tensile specific stress in a fibre
under the same extension as the yam.

In his radial equilibrium condition he assumes the magnitude
of both the tangential and the radial compressive forces to be
equal. Values calculated on this theory would be expected to differ
from the experimental tenacity values, as Hooke's law ceases to hold
near breakage.

Hearle further discusses what happens when the central filament
is no longer able to contribute to the yarn tension. Figure (1.33D)

represents the stress-strain curve of twisted yarns after the breakage

has started with the stress expressed as a fraction of fibre tenacity,
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and extension as its ratio to the fibre breaking extension.

1.33B BREAKING EXTENSION

Simple theory, on the basis of idealised yam structure, predicts
that the yarn elongation to rupture should be independent of twist.
Since, the fibres close to the yam axes are the most highly strained,
with an extension equal to that of the yarn, they will be the first to
fail, and the yam elongationto rupture should be equalto that of the
fibre material. Thus where twistingdoes not influence the tensile
properties of fibres, yarn breaking extension will be independent
of the yarn linear density (Tex) or yarn Wist per unit length.

Plattl5 and Hamburgerl9 have used the above simple theory to
explain their experimental results. They also pointed out the
possibility of the mathematical prediction of the stress-strain
relations of yarns with successively higher twists (Fig. 1.338).
At any load below rupture the elongation of higher twist yarns exceeds thal
of lower twist yarns. In other words, for a given stress ff! belov; yield
point the strain 1G” of the twistedyam may be related to the strain

of zero twist yam by a mathematicalexpression as

7
Platt corrected this expression for twist contraction, which

seems to be irrelevant.

Hearle18 has pointed out that the fibres close to the yarn axis



26

in an ideallsed yarn Sﬁructure are under the influence of very
high compressive forces. Also textile fibres are known to undergo’
lateral'dimensional change (Poisson's ratio effect) whenever they
are axlally extended or radially compressed. In such conditions,
the filament breaking eitension may be different from that'obtaiﬁedt_ 
in filament tensile tests. No experimental work has been fepbrted

to study the effect of the compregsive forces on bfeaking extensions\ 
and tenacities of the textile fibres. | |

1.34 Yarn rupture properties ~ Experimental aspects

Thére is a good deal of experimental work reported on breaking -
extension and tenacity of continuous multifilament yarns. The
continuous multifilament yarns can be twisted in various wayss: for
example, static twisting, twisting on a ring doubler and twisting
on an uptwister. The tension during twisting can be varied over. a
wide range in all the three types of twisting. Uptwisting is the :
most common in»commercial practice. Véry little work has been
reported on the influence of twisting tensions on the rupture
properties of twisted yarns. R

Plattls, Taylor et alel, Alexander and Sturleygz, and other324f25
have studied the rupture properties of twisted continuous filament

yarns. Thelr experimental procedure, yarns tested and results are

summariged in Tables (1.34A18rA§).




TABIE 1.34 A (1)

" Sunmary. of experimental procedure.

Experimental procedure
Reference (a) Twisting; (b) Testing

Taylor et algl

(a) Twisted on Abwood universal
~ model 110 uptwister with a .
 twisbing tension 3.0 gowh. /%ex.
Yarns wvere found to ghear at .
twist factor 105 tex® turns/ecm.
(b) Tensile tests on IP2 tester.
‘ Twenty tests for each yarn were
taken by using 10 inches speci-
men length.

Grover et a120 _ 1(a) & (b) ~
~ : . ‘Twisting and testing was carried
out simultaneously. Predetermined
length of zero twist yarn that would
give a conbracted length of 12 ins.
was twisted on the IP2 Scott Tester.
Turns per inch, yarn dia. in cm. and
"~ surface helix angle was measured.-
Ten inches length from the twisted
twelveinches of yarn was then used
for ten311e tests.

Platt et all? o Uptwisted,

Shrinagabhushan®3 ~ [(2) Twisted on a silk doubler of the
: ~ uptwister type. \

(b) Tested on the Goodbrand single thread
tester with 12 inches rate of traverse -
per minute. The average value was . o

- obtained by testing R5 samples of 10 ins} .
specimen lengths on the Goodbrand s1ngle B
thread tester -
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1.34A TENACITY

All the experimental data was replotted to show corrected
tenacities (tenacity in gras.wt./tex at break). Most of the curves
show a rise in tenacity as the twist factor rises to a twist factor
of 10 to 20 teig turns/cm., and then a fall for higher twist factors.
The initial rise is usually explained as being due to the increased
mutual support of the filaments as the frictional forces are brought
into play. The fall in tenacity is in qualitative agreement with
the theory as expressed by the equations 1.33(i) or 1.33(1).

For comparative purposes, it is more convenient to plot relative
values of the tenacity against twist factor. This has been done
in figures (1.34-A" - Ag). It would seem logical to use these ratios
relative to the values at zero twist. But the tenacities of zero
twist yarns are very much influenced by the wvariability of filaments
in the composite specimen. As the twist is increased, the influence
of this effect is eliminated and the yarn tenacity reaches its maximum.
In order to eliminate the influence of this factor, the ratios relative
to the tenacity values at twist factors of 20 tex2 turns/cm. for Acetate
and 10 tex? turns/cm. for other yarns have been plotted. These points
are given in Table (1.34B). They correspond to the maximum in the

tenacity curves for the respective yarns.

1.34B BREAKING EXTENSIONS
As regards breaking extension, most of the results depart appreciably

from the simple prediction that the breaking extension should be constant
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TENACITY

RELATIVE

1.0

TAYLOR ct al

9 20—7T200 A
2) 40-13T 200 V
3) 70-34T 100 L
4) 70-—=34T300 e
5) 100-3 4T 300 o
6) 210-34T7 300 +
7) 260-17 T300 X

D 10 30
TWIST FACTOR-AT BREAK

50
(T EX*.turn» /cm)

FIG.(1 -3 4 A4) RELATIVE TENACITIES OF SOME NYLON YARNS

32



TENACITY (TEX A BREAK)

RELATIVE

¢
®* O
GROVER «t q|2°
8 100 —34T300 B
9) 70-34T200 A
IC§ 50 - 17T200 -
I) 30-10 200 O
ALEXANDER T STURLEY22
12) 30-10 B
13) 45-15 +
14) 60-20 0 B
10 30 50

TWIST FACTOR-AT BREAK (TEX* -turns/cm)

FIG.0-34 AY RELATIVE TENACITIES OF SOME NYLON YARNS.
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and 1ndependent of twist. From floures (1 BAB - B5)’ 1ﬁ can be
seen that the only exneptlon to this rule are Platt's values for -
V1scose rayon and acetate yarns, and some of the omher re sulbs for.
: v;scose~rayon and orlon yarns. . Most of the curves for acetaie and
viscosevrayon show an iﬁitial increase in breaklng extenslon and
then‘a deéfeéée‘as the twist is increaéed. On therother hand, most
of the nylon and Dacron yarns show an dinitial drop followed by a-

,TLSG in breaklmo exien81on as tu1st increases.

ll.BAG IWURK OF RUPTURE AND WORK FAGTOR.
The work of rupture is deflned as the érea under the load extension
- curve expressed as gm.wﬁ -cm. per tex for a centlmntre length, The
-values of work of rupture for viscose and nylon yarns reported by
Taylorlet alz; have Been re-caleulated and plotted in'figuré (chACl - 02)
‘as relative values of work of rupture. _ |
Meredith>> has defined-the work factor aé the ratic of work of
rupture to the product of bfeaking extension and tenacity.  Thiﬁ work chtor
is a méasure of deviation from Héoke's law. This work féctor has been |
also plobted in floure (1. 3403 - 04) | |
The work factor remains more o 1ess constanL in all viscose rajon {
'yarns, while the work of . rupture 1n1t1a11y 1ncreasem to a maximum and
then decreases contlnuousty, in the same way as the tbnacltj values.‘

No initial rise in work of rupture is observed in nylon yarns. For all

nylon yarns the work of rupture decreases oontinuﬂmégrexﬁepf for nylon 70-34
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where it remains constant. The work factor is found to decrease
continuously for all nylon yams. No explanations of such behaviour

have been reported.

1.34D EFFECT OF TWISTING AND TESTING CONDITIONS ON THE RUPTURE
PROPERTIES.

Taylor has reported that for nylon yams the elongation results are
erratic in many cases. The relaxation time has a direct effect on the
elongation, particularly of lower denier yarns. Figure (1.34Dp - *2)
shows such a behaviour for nylon 70-34 and 40-13 yarns. Elongation of higher
denier yarn is affected less.

Grover and Hamby have reported the effect of twisting tension on the
tenacity and breaking extension of nylon 100-34 and 30-10 yams. At high
twist factors, the effect of higher twisting tension is to decrease the
tenacity and the breaking extension as shown in figure (I.34D3 and D*).

1.35 TWIST CONTRACTION
1.35A Theoretical Aspects

One of the assumptions made in the mathematical approach to mechanical
properties of twisted yams is that the filaments do not change their
length in twisting. The validity of this assumption, can only be established
by comparing the theoretical predictions with actual observed contraction
results.

A

6 7 6 . .
Braschlor”® , Platt and Treloar have reported theoretical expressions

relating surface helix angle and twist contraction factor or yam retraction.
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Consider a parallel strénd of‘filéments-ofilengtﬁ 1 LO' each,
when twisted to éurfaée helix angle 'O(! such a strand will contract
to an axial length 'Ie '. Then by definition

Yarn Rebraction "By ' = Lo = Lo

Lo - ooo;.oo.o (10353_1)

vand

Yarn Contraction 'Cy'! = lo ~ Ic . o | o
| ' Lo Ceeveeeens (103522)

- The tﬁo terms yarn retraction and yarn contraction éan_be mathematically
relafed as
Ry ::_C.&.‘:-l—w .' T EEREER] (1035&)
"'Considering‘an annular ring in~a.yarn,uobtainedAby twisting unit.

6

- length of initially.ﬁhtwiéted yarn, Treloar worked out his expréSsion
for yarn retraction as
Ry = 1 - Mean axial length per wnit filament
_ Flenﬁ?h on-twlsting. .

\-Q{thiﬂcir.hﬁq CQDS.S} ,

|

1= =3
;: ‘ fSZ_TC\"c\r Mo
- ‘o ‘ .
2 IR RN NN (l.BSb)
~ where | |
R = The yarn radius
= The radiusg of annular ring
- Cirz The thickness of ring

Mg= The number of filaments per unit
area of. cross-section
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= The filament helix angle at helix radius 1% '
oC = The filament surface helix angle at helix radius R
In deriving this expression Treloar0 assumed a constant number of
filaments crossing unit area normal to the yarn axis throughout the
cross-section.
He also derived an alternative expression, assuming a constant
number of filaments crossing unit area normal to the filament axes.
This expression was Iaicrd:i:. rn0 Cos <9yCos®>

Ry =1 =°5f— = ——mmmmmmmmmme e
f2.'ICP dr* rn0 CoS &r

oJ
= 1 - logg-sec”oC
2 (secOC- 1) (1.35c)

From equation (1.35b) and (1.35a) it can also be shown that
Contraction factor Cy = 1 + sec oC
2 (1.35d)
This is an alternative form of the expression derived by Braschler26
27
and referred to by Gregory namely:
Cy =1 + cos’C
2 cosoC (1.35e)
In a paper on * Influence of yarn twist on modulus of elasticity¥
Platt”® has corrected for denier increase by an expression

Cy = sec-*-1
tan”oc (1.35f)
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This equation assumes that the number of filaments per unit

area at a_direcinﬂ normal to the yarn"aﬁis is givén by an

expression Mg sec& |
Hearle and Mbrton28 have pointéd out the differencé between

thé two methods of calculating retraction or contraction factor.

;Treloar6 and Platt7 consider the twisting\of initially;untwiSted'

yarn having unit length. 'The‘othervmethdd, preferred by Hearle and

Morton, considers the untwisting of unit length of twistéd‘yarn, and,'

if the number of fllaments per unit area normal to the yarn is glven_"

byh\oCbsé}glves an expfess1on which is identical with equation

‘ 103 b)aw ) R )
[I»Ir-c\r. Mo Cos Or- Secdr TR '.35‘ ).‘
tahg q& : _ : j, _
2 | ‘(1.351.)'

Table 1 35 (I) shows the magnltude of the errors 1nv01ved in
such alternative assumptions.

1.35B Twist Contraction — Experimental

Experimental results have been reported by Treloaré, Alexander -

29 and Tattersallso'

and Sturleyez, Grover and Hambygo,'Sparke Treloar

hag reported unpublished’data supplied by Courtaulds Limited, and ﬁheJ :

| Dunlop Rubber Co.; Ltde, and has shown that the degree of agreement .

with. the theory is very good. In a recent paper, TattersallBo‘

compared the experimental results and concluded that Tenasco 1650/750




‘.EEEi B

TABIE 1,35(I)

Comparisop of different theoretical equations

predicting the contraction fﬁcgg;_ggd retraction

Surface helix | CONTRACTION FACGTOR S
angle Equ.l.35(¢) | Equ.l.35(b) | Bqu.1.35(F)
10° 1.0078 | 1.0077 1.0064
20° | 1.0320 © 1.0321 1.0328
30° 1,077 1.0773 | 1.0792
240° 11477 1.1527 1,159
500 o o1ese | 12778 1.2979
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yarn uptwisted to about 12 T.P.I. with tensions of 0.15 gins/denier

was found to give a good agreement with theory. Alexander and Sturley
obtained a common curve for all nylon yarns (30/10, 60/20, 45/15)e
When percentage contraction was plotted against twist factor, Grover
and Hamby”~l have shown that the contraction and twist data reveal an

excellent fit to the algebraic form

Cv = at~ oL, (1.351)

where
Cy = The percentage contraction
t = Turns per inch

a,b = Least square constants.

Sparke29 studied the effect of twisting tension on contraction
and breaking twist of some raultifilament viscose rayon yarns. He
reported that the effect of increasing the tension is to reduce both
the twist contraction and the twist necessary to produce rupture. He
derived a theoretical relation to obtain the filament extension during

twisting. If yarn as a whole contracts but individual filaments

are stretched

ILlRe= Le
E c (1.353)

where Lg = The length to which Lois extended in
helical path

Lc = The contracted length i.e. (1 - Retraction)
original length.
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*t = The number of turns
D= The diameter of twisted yam.
If the diameter of twisted yarn is not sensiblydifferent from

that of a monofil ofequivalent denier and densitythenU ~D2 =

K2 T ILo
Lt

where K is a factor depending uponthe density of material
T = the count of yam in tex

Ik = the original length of yam (untwisted).

29
By twisting statically at constant length, Sparke reported that the

experimental value of 'K! is very close to the theoretical wvalue although

it is slightlyhigher. In such a case
K = (1 + Breaking strain)® -1
Turns to produce rupture x count in tex ]

....(1.35k)
Hence

2
Icx +K3 T Io
I« (1.351)

>
i

Thus knowing LO, Le and K the corresponding value of the filament

) i
extension at a given twist factor can be obtained. But the assumption
that the diameter of yarn at a given twist is approximately the same as

that of a monofil of equivalent density and count is doubtful.

Experimental data for turns required to rupture nylon, viscose rayon,

Tenasco and Fortisan yarns have been reported by Karathe”2. The results
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confirm the theoretical approach based on the assumptions made by
29 B -
Sparke .
! ) 30 o ) - . ) )
Tattersall  observed that the degree of departure from the
theoretical predictions depends upon the tension. during twisting and
- the method of twisting. The lower the denier, the legs is the effect
‘of‘twiStiﬁg tension. For Tenasco 1650/750_yarn,'as~the twisbing
tension is increased from 0.54 to 5.4 gms. per tex, the experimental
curve was found to shift from one side of the theoretical curve to
‘the other as shown in figure (1.35Bg)..
A1l the available experimental data has been collected and
replotted against (twist factor £initial) , 2 Eigure;ﬂ‘[!.'ﬁ‘;g BﬁB’g__l show
the constraetion behaviour of visecose rayon, scétate and nylon mulbti.
filament yarns. It could be noticed that contraction factor values
N R : ‘
reported by Taylor =~ are higher for viscose rayon than thoge reported
o 20 o 23 » e .
by Grover”™  and Nagabhushan ~, who observed that breaking extension
decreased continuously at higher twists.  As regards acetate yarns, the
 contraction factor is low at high T.F. for all yarns showing decrease
in breaking extension. The contraction factor of nylon yerns is higher
' . A . AN
when twisted yarns are heat set, but the data reported by Taylor - and -
‘ 20 ' o o . . : . w
Grover™ fall on a single curve showing that the results are very little

affected by twisting tensions used or the methods of twisting.

1./ _SCOPE FOR STUDIES
From the foregoing study of the literature it may be realised thab .
there are wide gaps-in our knowledge of the rupture behaviour of

twisted continuous filament yarns. The influence of some factors have
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O 4
03 THEORETICAL
Cy t S«c*+l
02 TWISTING TENSIONS

e 0 54 gm.wt/TEX

0.3 0.5 0 7 O.
2TT (YARN RADIUS X TURNS/Cwm)

FIG. [I| 35B*j EXPERIMENTAL RETRACTION DATA FOR

TENASCO 1650-750 YARN - TATTERSALL3"
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been neglected in order to simplify the theoretical approach, without

experimental studies being made to test the validity of such assumptions.

1.41 Gars in the Knowledge

These may be summarised as follows:
(@) Basic Experimental Data:

The rupture properties of twisted continuous filament yarns are
influenced by twisting conditions. There is a basic need to obtain some
more experimental data to study the effect of such factors as twisting
methods, twisting tensions, etc.

(b) The yarn diameter changes during extension are important in
obtaining an accurate expression for the relation of yarn to filament
strain at break. Also, an important yarn parameter - Twist Angle at
break which relates theory and experimental results, is affected by

this behaviour. Some workers assume it to follow a constant volume
relation while others neglect the influence of this factor. Experimental
work should be carried out to test such assumptions.

Very little is known about the actual mechanism of yarn breakage
which may be more complex than is usually assumed. The mechanism of
yam breakage is important in explaining the breaking extension behaviour.
(c) It has been assumed that the twisting process does not alter the
properties of the constituent filaments. Experiments can be conducted
to test the validity of such assumptions.

The compressive forces may influence the filament rupture properties.
The contribution by such an experimental study will help in explaining

rupture properties of twisted continuous filament yams.
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(d) The yarn structure has been known to depart from the idealised
one to one in which the constituent filaments migrate indefinitely*
Some experimental work on model yam can be carried out to determine
the magnitude of errors*

() As more and more information is obtained about the actual
structure and the wvalidity of these assumptions, the theory will have
to be modified to agree with the experimental findings. The theoretical
developments will have to consider many factors such as

(1) The influence of tensile and compressive forces on the yam
rupture properties when Hooked law ceases to hold.

(ii) Consideration of the yam lateral contraction factor in the
derivation of yam tenacity expressions.

(1ii) Consideration of the large strain values in place of the
instantaneous strain relations.

(iv) Influence of some other factors so far neglected.

(v) New theoretical approach on the basis of the precise knowledge

about the actual yam structure and the mechanism of breakage.

L1AS The chpj?en field of work

The explanation of the breaking extension behaviour of twisted
yarns will be a most valuable advance towards a better understanding of
the rupture properties of continuous filament yams. Attempts are made
to conduct the experiments so as
l) To obtain some more information about the stress strain behaviour for

some nylon, viscose rayon, Tenasco, Terylene and acetate yarns.
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2) To study the influence of the twisting conditions and testing
procedure commonly employed.

3) To study the actual yarn lateral contraction ratio, actual
mechanism of breakage and the actual yarn structure.

4) To study the changes in the filament rupture properties under the
influence of torsional and oitensileivt forces.

The experimental approach will increase our knowledge of yarn
breakage. It will also help in explaining the contradictory results
reported by various workers.

In the light of the above experimental findings, the theory can
be modified to predict the tenacity values more accurately. The
theoretical approach is developed to consider the influence of many so
far neglected factors such as

1) Yam lateral contraction factor;
2) The large strain values;

3) The influence of the compressive forces when Hooke*s
law ceases to hold.



*xenseq.

13008 24T

oy uo seTaredoxd exngdna JoF peqseq USYQ PUBR QoS 4EOY OSTE oJom SUIBA ssayq TTe Ho.w,w seotdureg

g g 609 - -~ 87-052
% < 6°€LT % g7-00T susTATof
~ L°T9 A 9eT-0%8
A e A g°L6 A - 7e-00T UOTAN
A~ N 0°84 A 8L~00€
M A AR A A 87001
~ A A - 6°T0T A 8e=00T ageq0Y
1 }-€9 A A 0540591
A A 6°66 : P 08T~00%Y 00s®BUS],
A M g6 - . 00T~00€
A AN Ve T°2¢ot P 07~00T
e Ve A g*70t g 7e=00T UoLBI
— < L°88 A Tl 98008 TA
UOITSUL | J93SM | dl | wo/Suaiy sxeq | dogs gd)) | XoLqno( Sutg| °‘ON° Ltk
~SpOUIeA 3851 SIISURy | H0208F 1STAL SUTISTAL 40 POUITN| % IoTus( TETI098y
UIITXEN TEUTwoy

PoLD0asS So[aues Uded oy

(BT*8) IV




68 :.:j y

CHAPTER II

EXPERIMENTAL

2 l INTRODUGTION |

It has alleady ‘been pointed out that the expevlmontal results
do not altogether support the theorles put forward. The discrepancies
that exist may be due 0 bhe technlques used 1n'the Lw1st1ng or testlng.l
It was therefore decided to obtaln more exper1menta1 data and study the |
.‘ rupture properties more crltlcally by emplcylng avalﬁabWe ﬁechnlques of
twisting and testlng, |

Tn Selectlng the maberlal, tuﬂstlng techniques. and testlng mebhods,
attention was given to the resulbs obtained by'ouhers and the commer01a1;;5
practlce. Yarns were selected so as to have a wide range of linear . |
densities’ (tex), fllament number and flbre properties. Two sebs of o
twisting methods and ‘three sets of testing 1nsbruments were employed
o Yarns were twisted up o the maximm twist factar of 90“10Q units,
which is commercially emplbyed:1 Tab1e‘(2.1a) shows the range of
- materials, yarn linear densitiés, twisting and testing methods, etc.l.\
‘Thé influence of twisting tensiéns on yarn‘iupﬁure properties was.élso ‘i;.
investigated( | | |
2.2 TWISTING PROCEDURE

A1l yarns testedhwere ﬁwisted‘in L seﬁs of experiments as éhéwﬁ’
in table (2;2&). ‘Some measurements of twisting tengidn were carried‘-'tv‘
-+ out on both uptwisterland‘ring doubler. In the ring doﬁbler‘the tensi&g““

was measured_betweenithe delivery roller and the thread guide as shown
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in figu?e (2.24). it_was observed that the tﬁisting tension increases

as the twist is inéreased,‘although the traveller number is kept the

same. This may be due to the decreased coefficient of ffiction betﬁeen*“,“
the yarn and the traveller as the twist is increased. In the third set

of exPeriments; the traveller number was adjusted to maintain the same
twisting tensions for all the twist sampleé‘of a given yarn.} The

values of the traveller numbers and the cérfesponding tension measure-
ments are givén in Appendix I.

The filaments in some highly twisted acetate-and Tenasco yarns
were found to have ruptufed in the process of twisting on a ring doublgr.‘
| 2.3 TESTING PROCEDURE FOR YARN STRUCTURAL PARAMETERS | |

The most important structural parameters to be determined are twisf: ;
factor (teﬁg turns/em.) and surface helix angle at break. All‘the«yarnsf
were tested for the determination of twist per centimetre, tex and
diémeter in ﬁillimetres.

The twist per centimetre was determined from~twemtf tests on. the
twist tester using 25 cm. lengths at a tension of O.AS'g.wﬁ; per tex. The
specimen was cut and weighed on the torsion balance ﬁc determine its |
linear density (tex). The twist factor is then calcuiated from these
results.

| The yarn diameber was measured by ébseIVations of yarns with a
nicroscope containing a scale in the eye pilece. Hxcept for the last
- two sets of twisted yarns, five observations were made on each of five
60 cm, 1engfhé of yarn held at a tension of 0.9 g.wﬁ/%ex. Eqr tﬁe iast~

sets of twisted yarns, the diameter measurements were done on twenty
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YY= YARN PATH

A» TOP WEIGHTED ROLLER
B- BOTTOM FRONT l
T-TENSION METER

G- THREAD GUIDE

R - RING AND TRAVELLER
S = SPINDLE

S

FIG.(22A) TWISTING TENSION MEASUREMENTS ON

A RING DOUBLER,
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P

25 cm. lengths of yarn before the twist determination (Fig. 2.34),

The surface twist angle was calculated from these results using the

relation
Tan™ 0 D+ cereeeveeses (2.3a)
where, o
D = ‘Yarg diameter in cm,
K = The surface helix angle
t = Turns per centimetre..

In.ohaptef I, the significance of helix constant 'K' has been
discussed. However, in deriving.the theoretical ﬁrédiction
expressions oné_of the assumptions is to consider a yarn structure
as composed of infinitisimal fibre elements. This condifibn assumes
the valqe of helix constant 'K' as unity. Moreover, where the yarﬁ :
structure is composed of sﬁffiéiently high number of filaments, the
value of constant 'K' is negligible. Thus, it is justifiable to
negledt'this factof g in computing twist angle by equation (2.3&).
Yarn diameter éxﬁerimentallyvdetermined'ﬁas corrected folgive_
actual value at break by an apprépriate factor (1+ G%y)*%'éssuming
constant volume deformation. This corrected yarn diameter value
was used in calculating the twist angle at break by equation (é.3a).
Similarly, the twist factor at break was caloulated'by
correcting turns per cm. and tex for breaking extension. In other
words, the twistlfactor (initial)'was corrected by an apprépfiate

3
factor (1+ Svy)” /2
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'For all yarns inﬁestigated, the ﬁalues of actual yarn count
in teﬁ, yern diameter in centimetres and twist factor (initial)
in tex® turns/em. are given in Appendix I.
2.4, TENSILE TEST METHODS

Three sets of tests were carried ouf;'one of them on the
constant rate of elongation testef (ﬁable model Inétron) and two of
them on the constant rate of loading testers (IP2 Scott. and Uster
automatic yarn strength testers).v The essential detailé of>a11
these tests, all of which wereacarried out in a standard aﬁmésphefe
Cof 65 * 2% r,h, and 20 £ 29C. ave given in Table (2.4A). |

The curﬁeé obtained in Sét B were used to obtain a representative
load extension dlagram«, ihe constants for 11near stress-stxaln
relation near break and the work of rupture. The tenacity and. the
breaking extension valués obtained from set A (earlier tgsts using ;-
the IF2 test) and set B (table model instron) werelused‘as a‘cheék‘ :
to those obtained in set C (Uster automatic strength tester).. |

The problem of jaw breaks for nyion_and Texyléne yarns in
;particular; was solved by using suitable grips - cellophane tapev
and rubber paékings of different hardness.

It was not possible to test low twist nylon 100—34 yarn by
using the Uster automatic yarn strength tester. The thh;gg;ggzg£1lity_
of the filament breaking extension was so high that the breakage
detecting méchanism-failed to function satisfactorily. This resﬁlted

in inaccurate records of the breaking load and the extension values.
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The average values for breakiﬁg,load in g.wb. and breakingA

' extension in percentage for all yarns tested arve given in Appendix T. -

TABLE 2.4A

s -, . et

Tensile Test Methods

SET | INSTRUMENT | TYPE OF |NO. OF |SPEG. |RATE INITIAL |
~ 1 TEST .| TESTS | LENGTH : TENSION |
o | OMs G WILTEX. |
A |Scott IF2 |Whole load | 50 50.8 ¢m.| Time of break 0.68 .
extension =21 ¥ 5 secs.
- curve :
Instron L 10 10 cm. | 40% per min. 0.50
y o except for
J‘ acetate (100%
per min.)
C  |Uster . Break 40 |50 cw. | Time of break | - 1.0
‘ ' |=20 % 2 secs.




CHAPTER III

-TR‘E S ﬁ L TS
3.1 INTRODUGTION |
In this'chapter,‘the ?ésults'of experimenﬁs ca;ried out using

thé methods described in chﬁpter Ii are presented. They shOW'thé
ﬁnfluence'of the-magniﬁﬁde of'twisf? twisting method and twisting
>£ension on the rupturé propérfigs‘éf cohtinuous'filameﬂt yarns.

| Althougﬁ,.the wit for the mégnitude-of twist hés'beenytaken,f-
as turns per qentimetre, it is more useful to plot thé results
against fwist féctor (teﬁ% turns/cm), which takes into account Both‘
turns per unit>1éngth and the linear density of the yarns. The
rupfure properties when plbttedlaéainstitﬁist factor (initial), are
of greaf'practiqél importance, whilenwhenipldtted ag&inst twist
angle are ugeful in explaining the relevance of theoretical develoé—
" ments. |

3.2 LOAD EXTENSTON DIAGRAMS TO BREAK

3.21 General Studies'

An example'bf:the 1oad,extension‘diagrams'as obtained on the
- Ingtron‘testeriis shown in figure (3.21A)., Similar load extenéion‘
diagrams” for other'ya%ns are given in the Appéndixf In'orde? to qﬁ%ain )
a representative ioad extension'diagram; one curve from each set of
10 cur#ésfwas choéen-beqéuée its breaking 105& and breaking‘éxtension
j afe close to the avefage values., Exémples of,thesé curves ‘are

plotted in figure (3.21 B).
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STRCSSi IHO GM.WT/TCX
m I NYLON 100/34

IT!'UJIN *S 1 K70>
e A

S*KS1 tINCTH > IO CMS.

N* 0 T*1.

Fig. 3*21 A. Sample of load elongation curves in Instron test.
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1004«
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Fig. 3.21 B.

Selected load elongation curves of yarns.
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From these figures it can be seen that:
(1) At low twists, the load extension curves of all the materials
end in a series of steps corresponding to the breakage of each filament
or group of filaments, but at higher twist factors the break occurs
almost instantaneously.
(2) For all yarns, at any load below rupture, the elongation of
higher twist yarn exceeds that of lower twist yarn.
(3) For all twisted nylon yarns, the stress-strain curve shows an
apparent yield point at about 2jelongation which is absent in that
of zero twist yarn.

3*%¥22 Effect of twisting tension on load extension diagram
to break.

The results are shown in figure (3*22 It can be seen that
(1) In general, effect of higher twisting tension is to increase the
initial modulus and the slope of the load extension diagram near break.
(2) This effect is more so, in yams with higher twist factors,
resulting in decreased breaking extension.
(3) The breaking load of all materials initially increases to a
maximum and then decreases as the twisting tension is increased. The
level of this optimum tension is different for different materials.

3*23 Slope and intercept of linear stress-strain relations
near break.

It was pointed out in chapter I, that the stress-strain

relation in the rupture region may be linear or parabolic in form.

It is linear for viscose rayon and acetate yarns and parabolic for

nyvlon.
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When the stress-strain relation is linear it can he expressed

by an equation of the form

Y = A4B6 Ll (3.13a)
where Y = the stress in g.wt./tex.
B = the slope in g.wt./tex per unit strain.
A = the intercept in g.wt./tex.
€ = the strain.
In figure (3.23 A), let and Y* he two points on a
load extension diagram. It is necessary to correct for the reduction in

yarn count (tex) dueto extensions. Then byequation 3.13a, the slope
B of linear stress-strainrelation can be calculated

B = Y2 (1+fc2) - Y1(1+€1) t[<® -e3j

where T = tex based on original count.
And the intercept A from the relation
A . Y2(1+€2) - B£2
T
These constants A and B have been calculated and plotted against
twist factor at break in figures (3.23 B|£. Ba,Ci&C2)
It can be seen that
(i) In general, the slope B initially increases to a maximum and
then decreases continuously as the twist factor is increased.
(1i) The effect of increasing the twisting tension is to increase

both the intercept A and the slope B for a given twist factor.
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FIG. 3.23B,  THE EFFECT -OF TWISTING TENSION ON. SLOPE B OF THE
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TWISTING TENSIONS
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TWIST FACTOR AT BREAK- TEXy'.turns/cm.
FIG. 3-23C, EFFECT OF TWISTING TENSION ON INTERCEPT 'A OF

STRESSxSTRAIN RELATION FOR VISCOSE 300-100 YARNS-
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(iii) The behaviour of change in intercept A with twist is very
erratic as the twisting tension is increased. This is observed
more so in viscose 300-100 yarns.

3.3 EFFECT OF TWIST OF BREAKING EXTENSION

3.31 General studies

The variation of breaking extension with twist is shown in
figures (3.31 A%*-Ag). Breaking extension values as low as 104
for Tenasco and as high as 35% for acetate have been obtained.

From these figures, it could be seen that:

(1) In general, the breaking extension values obtained by using
three different types of tensile testers, show similar qualitative
results. However, for a given yarn sample extension values from
Instron tests are very low for zero twist yams and are slightly
higher for higher twist yams, as compared to those obtained from
the IP2 and Uster automatic strength tests: the explanation for this
behaviour is given in chapter VI.

(ii) Viscose rayon: Figures (3.31 A*, A* & A").

() For all yarns tested, the breaking extension initially
increases and reaches a maximum at twist factors of 20 to 25 tex2
turns/cm. On further insertion of twist, it remains more or less
constant over the entire range of twists up to a twist factor of
100 units, except for viscose 75-75 where it rapidly decreases for

yarns having twist factors higher than 70 units.



24

o/o NO ISN31X3

DNIXV3b8

o1



02

sis3l

NO™LSNI —

SNAVA

OJOSVNdL G\v 3dJSOOJOSIA D

xBY Soiovd BN xm

NOISN31X3

ONDVINE

Mme <€ O

0¢

DNIXV3UQ

NOISN31X3

o/o



™M
o

HELheB& U5 PAH SuBvA 58 AcsSm

Q

v

NOTAN*SHiv Spv S0 N0 .ENSS Onxv3HB

viB 8 o

ONIXV3UO

NOISN31X3

0/0



0/0

NOISN31X3

ONIXV3bfl

g



95

(o] o]

sls3l

08

¢dl —SNYUVA

NOTAN W

"up / U

4n3\ xaL
09

31v13adVv

~j010Vd

3dS0JSIAN D
1SIML
ov
~
N
o0
o0

NOISN3LX3

0c

ONMVIAL

ovie'e Ol

8

08

DNIXV3 b9

NOISN31X3

0/0



.;gﬁfsf

(v) The greater the number of filaments constituting‘tﬂe |
yarn structure, thg greater is the initial\increase in the-breaking i
extension. I
(iii) Tenasco : Figures (3.31A1 & 3.31A2).

For Tenasco 1650-750, the bréaking extengion remains more or
less constant over the Whéle twist factor range of 7 to 65 tei%
turns/cm. However, for Tenasco 400-180 yarns the breaking extension
dges exhibit a slight initial rise reaching a maximum at a twist
factor of 20 to 25 units, and shows a tendency to decrease for twish
factors higher than 40 texc turns/cm.

3774

For all yarns tested the breaking extensions initially inorease

i
rapidly. A maximum value occurs at twist factors of 35-40 tex”

(iv) Acetate : Figures (S.BiA A, and A5)'

turns/cm. Above twist factors of 60 to TO units the breaking extensio:
decreases rapidly. A
(v) Nylon and Terylene : Figureé (3.31A3,A4 and A5).

In general, the breaking extension is an increasing function of
twist for all yarns and over a wide range of twists up to a twist
factor éf 100 tei% turns/ém. The only exception is the Uster test
results (Fig. 3,31A4) for Terylene 100-48,.Which shows an initial
decrease followed by a continuous increase in bréaking extension

values: this initial increase is not observed in Instron test results

(rig. 3.31A3) on the same yarn.




>

3»32 Effect of twisting tension on breaking extension

Preliminary experiments were conducted by using two traveller
numbers to control the tensions during twisting Tenasco 400-180 and
acetate 300-78 yarns. It was then observed that the yarn tension at
the twisting point increases as the twist is increased, although all
other twisting conditions are kept.the same (traveller number; spindle
speed, r.h, etc.).

In later experiments on Tenasco 1650-750 wviscose 300-100,
nylon 840-I36 and Terylene 250-48 yarns, the traveller number was
adjusted for every change of twist wheel so as to maintain constant
twisting tension. Three different tensions were used during twisting
these yarns. The breaking extension results obtained in the tensile
tests have been plotted in figures (3.32AI—A5).

The breaking extension values are found to vary from 10 to 35%
for different materials tested. It was therefore found easier to compare
the results when plotted as relative values rather than as absolute
ones.

In the load extension diagrams obtained with the Instron tester,
the breaking extensions for zero twist yarns can be read as the extension
of either the first or the last filament to fail. It has been decided
to define the relative breaking extension as the ratio of the actual
breaking extension of a given twisted yarn (corresponding to the
maximum load value in the load extension diagram) to that of the last

filament in the zero twist yarn. Such relative breaking extension

values have been plotted in figures (3.32A" and 3.32A%).
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TENASCO 1650-750

TWISTING TENSION 09gm.wt/tex

VERY LOW TWISTING TENSION

20 40 60

NYLON 840-136

100
o) 10 20 30 40 50 60

TWIST FACTOR INITIAL

3.32 A* THE EFFECT OF TWISTING TENSION ON THE BREAKING EXTENSIONS

OF TENASCO AND NYLON (iNSTRON TEST”
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USTER TESTS G.L 50cm.
20 INSTRON i i IOcm.

°/o

EXTENSION

BREAKING

[y
o

OfO gm. vyt/
\20gmvVvA/tax

27 9™

o) IO 20 30 40 50 60 70
TWIST FACTOR (INITIAL)

FIG. 3.32 Af THE EFFECT OF TWISTING TENSIONS ON THE BREAKING EXTENSION

ON TERYLENE YARNS (250 - 4g)
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From these figures it oan he concluded that
(1) In general, for a given twist factor, the higher the
twisting tension, the lower is the breaking extension*
(ii) The effect of twisting tension in lowering the breaking
extension is more pronounced in the behaviour of viscose 300-100
yarns than in nylon, Terylene and Tenasco yarns,
(iii) The breaking extension values for Tenasco 1650-750 yarns
which were ring twisted under very low tensions are almost constant
over the entire range of twist factors (7 to 65 tex2turns/cm.).
However, when moderate or higher twisting tensions were employed,
the breaking extension values were found to show an initial increase
reaching a maximum at a twist factor of 25 to 30 tex2 turns/cm. and
then a continuous decrease as further twist is inserted (fig. 3*32A"%).
3.33 The effect of method of twisting on breaking extension
These results are plotted in figures (3*33A* and A”). The
methods of twisting used were:- a ring doubler and an uptwister.
A sample from the same spinning package was processed by these methods
and tested on an Instron tester for tensile properties (Section 2.2).
From these figures, it can be seen that
(1) Method of twisting has very little effect on the breaking
extension behaviour of twisted yarns» provided the twisting tensions
are kept identical.
(2) Terylene and Tenasco yarns showed similar qualitative behaviour

in both the methods of twisting, although the absolute values are

somewhat different.
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(3) Eor acetate IO0-48, the general features (initial rise and
then fall in breaking extension), which were not so clear in the
ring doubler twisted yarn, are observed in the uptwister twisted
yarn. This may be due to the higher twisting tensions obtained
in the ring doubler method of twisting.
3.4 EFFECT OF TWIST ON TENACITY

3*¥4]1 General Studies

Values of tenacity (based on the initial count of the yam -
not corrected for the extension) are plotted against initial twist
factors in figures (3.41&% - A%).

These figures show that
(1) For most of the yarns, the tenacity values show an initial
increase to a maximum, followed by a continuous decrease as the twist
factor increases. However, the initial increase is not observed in
some yarns viz. Tenasco, Tfylon and Terylene.
(ii) For all yarn constructions studied, the rate of fall in
tenacity increases as the twist factor is increased.
(iii) At a given twist factor (initial) the percentage fall in
tenacity is lowest for acetate and highest for Tenasco yarns.
(iv) The results obtained with the different tensile testing
instruments are qualitatively similar. However, for a given yarn
sample, the tenacity values from the Instron tests are lower than

those obtained using the IP2 and Uster automatic tester.
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3*¥42 The effect of twisting tension on tenacity

The tenacity results are plotted against the twist factor
(initial) as shown in figures (3*42A*-A").

These figures show that:
(i) In general, for a given twist factor and material, the
tenacity values are low for the yarns twisted under very low tensions.
However, above a certain level of tension, there is little further
increase in tenacity.
(ii) The initial rise in the tenacity values, which was not present
in the yarns twisted under very low tensions, can be observed in those
twisted under higher tensions.
(iii) The tenacity of acetate 300-78 yarns remains unchanged over
the range of tensions used.

3*¥43 Effect of method of twisting on tenacity

Results are shown in figures (3*43A* and A”). These figures
show that:
(1) In general, tenacity values are very little affected by the

methods of twisting used.

(ii) There is a tendency to obtain somewhat higher wvalues in the
doubler twisted yarns as compared to those obtained in uptwdster
twisted yarns. This is especially so at low twist factors which may
be due to the effect of twisting tensions.

3*5 EFFECT OF TWIST ON WORK OF RUPTURE

3*51 General studies

The work of rupture is obtained from the area under the load

extension curves (measured with a planimeter) and using the relation
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() USTER TESTS TWISTING TENSION
25 0.54 1.25 gm.wt/TEX
0.9 0 gm.wt/TEX
1.8 0 gm.wt/TEX
27 O gm.wt/TEX

20
10
10 30 50 70
25 (2 INSTRON TESTS
20
o 10 30 * 50 70
TWIST FACTOR —TEX turns / cm.
v

IG. 3.42A, EFFECT OF TWISTING TENSION ON TENACITY OF VISCOSE 300-100

— USTER AND INSTRON TESTS —
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20
(0 TENASCO 400-180
TWISTING TENSION
A 0.218-0. 275 gm.wt/TEX
A 0-61—2.0 gm.wt/TEX
C
j 10 30 50
25
'.l.
'.l.
k- (2) TENASCO 1650-750
20 TWISTING TENSION
- LOW
© 0-9 gm.wt/TEX
. 1-8 gm.wt/TEX
15
10

(3) ACETATE 300-738

Y 0 24 0.33 gm.wt/TEX
7 0.60 0-98 gm.wt/TEX

L -L
I0 30 50

TWIST FACTOR—TEXA.turn*/ cm

42 At EFFECT OF TWISTING TENSION ON TENACITY OF TENASCO

— INSTRON TESTS —
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FIG. 3.42A4

CO TERYLENE 250- 46
TWISTING TENSION

2*7 gm.wt/TEX

£) USTER TESTS

30

NSTRON TESTS

30

IWw

NYLON 840-136

TWISTING TENSION
0 211-0 37 gm.wt/TEX
0.90 gm.wt/TEX

1-0 gm.wt ITEX

50

50

TWIST FACTOR, TEXA.turns/cm.

EFFECT OF TWISTING TENSION ON TENACITY OF TERYLENE

ANO NYLON YARNS — USTER AND INSTRON TESTS —
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A"workkof ruptuie‘in gewb./tex.

= areu undel the logd exten31on aaagmam in gEWt.ﬁcm, _

—m—mwm—m

- specimen length in eme. x yarn count in btex.

The average of ten curves obtained in the Instron tests was used in
each case.

The work factor was calculated as

1

Work factor.. work of rupture in g.wt./tex for 1 em. |
breaklng load in g.wt./%cx x breaking exten31on -
: in cie

The work of rupture and bhé work factor values are shown in the flgu1es
(3. 51A1 and AQ, and 3 518y and Bz) | These flgures show that.

(i) For all yarns, the work of rupture initially increases to a
maximum and then decreases at higher twist factors, except for‘ny1§n='
840.136, where it is almost constant.

(ii) The work factor is almost constant for viscose rayon and Tenaseq'
yarns. In nylon and acetate yarms, itlinitially décfeasés t0 a minimum
and then remains almost constant; whilst in Terylene, it ié nearly
consbant at low twist factors, butb decreéses very rapidly at higher

vtwisthfactors.

3.52_ _Effect _of twisting btension on_the work of _rupbure
Values of the work of rupture and work factor}for yarns,twiste@
under varying tension are shown.in figures’(3.52A1)e$é-§3) and figureé
‘(3 5B el 33) It can be séen_ﬁhat } |
(1)  In general, the higher the twisting tension, the lower is the

work of rupture and thevhigher is the work factor.
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9
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EFFECT OF TWISTING TENSION ON WORK FACTOR OF

VISCOSE YARNS — INSTRON TESTS
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TERYLENE 250-48
TWISTING TENSION

NYLON 840-136
TWISTING TENSION

30 50 70
TWIST FACTOR - TEX7a.turn*/cm .

EFFECT OF TWISTING TENSION WORK FACTOR OF

NYLON & TERYLENE YARNS — INSTRON TESTS —
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(ii) The effect of fwisting tension in lowering the ﬁork éf'
rupture ils low at higher twist factdrsAfor ali yarns tested.
(1ii) 'The work factoriof viscose yaTrns inofeases as the-twisting,iff
tension is increased, but it is affected very,litfle by the %wistf
(iv) | The work factor of nylon and Terylene varns is affected
very little by the twisting tensions used, but - 1t decreases rapldly
at all twist factors for high tenaclty nylon 840—136 and only at
very high twist factors for hlgh tenacity Terylene”250—48\(figureg
+3.52B, and 33).' | | |
3.6 TWIST ébNTBACTION FACTOR

The twist contraction factor has been caloulated by finding the
increase of linear denéity'(tex) in all twisted yarns, The twist -
~contraction factor has been thedfetically shown to be independenf‘pf:f
the filament properties and to be a ﬁunction of fhé‘surfade helix.r
angle (Section 1.35).. | |
| For comparison with the\theqretical relation, it is very

useful to select the proper axis to obtaln a linear relatlon.

OLo
2sec ) can be shown to give a

linear'relation when values of Cy (Cy - 1) are plotted against-

Theoretical equation (Cy = 1t

tanEOQobr (twist factor-initial)z, This has been done invfigﬁres
(3.6A1 il As).- |
It can be seen that

(1) Im general, the contraction factor depends upon the‘fwisting

tension used during processing.
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(11) ;'For a giveﬁ'materiél,.tﬁg contraction fadtor is very

high if the twisting tenéion is lower than a certain 1eve1’of

tension and it is vexry lq?’wﬁen the twisting tension is very

: much‘higher than this level. The.experimental contraction facfcr; ,
values will lie abbve or below the theoretical curve, depending |

upon the tWisting|tensionS.

(iii) WhenVQOntractiou f@cfor vélues for all matérials ére‘pléﬁted"
against the surface helix angle, nb common curve is obtaineds(figufe*“
3468, ).

(iv) ~ In general, the COntractionvfactor'in viscose rayon and

acetate yarns is lower thanAthat'given by the‘theoretically predicted :

relation viz. 14+ sec . Thig is especiallyAsé at higher twist
factors (fig. 3.64y and AS).
(v) The effect of heat setting is to increase the contraction

factor of allAthe yarns'wifh higher twists. This inerease is very
high in nylon yarns as compared with that in'viscose rayoh and a¢e£5té\
yarns. | | |
3.7 THE VARIABILITY OF THE gEsans

The coefficient of variation éf the yarn properties varied
considerably from one yarn to another from values aé low as 0,8 to
| aé high as 36%. Table (3.7A) shows the values of ‘the éoeffiéient'
of variation for the breaging extension and teﬁacity, bGIOW’WhiOh .
the majority of:the results lie together With‘feW'excebtioméliy |

high values which occurred. The coefficient of vgriatidn (Instrdn)
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TABLE 3.7 A

Ooefficient of variation % (Instron Tests)

| Breaking

Breaking
Extension Load . _
Value below - . |
which most results lie 10 10.
EXceptions-_ o
: S Twist
Iarn ‘Factor
(1) Viscose 75-75 | 88.7 = 11,2 .
Viscose 100-24 [104.3 10,3
Viscose 300-100| 39.4 10.6
(2) Acetate 100~28 | 69.9 10.8
‘ l101.9 18.7
Acetate 100-48. | 80.2 22.8
' lOlfQ. 20.9
(3) Nylon 100-34 1.0 12.9
B 16.8 12.9
(4) Terylene 100-48 ‘:0;53 , 15.1
| | 83.00 11.5
Terylene 250-48| 1.1 11.1
: 11.4 12.0 L
99.7 ~ 10-9.’
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has also been included in Appendix I.

It can be seen that

(1) The coefficient of wvariation increases as the twist is
increased.

(2) Low twist nylon and Terylene yarns also showed a high
variability.

(3) In general, the coefficients of variation for breaking load
values are very low compared with those of the breaking extension.
(4) The coefficients of variation for breaking extension are very
high in highly twisted acetate and viscose rayon yarns exhibiting

a decrease in breaking extension.
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CHAPTER IV

"SUBSIDIARY EXPERIMENTS”
4.1 INTRODUCTION

In chapter I, while discussing the scope for further studies,
it has been pointed out that the actual
(1) mechanism of yarn breakage and the yarn deformation behaviour
may be different from that generally assumed;

(2) yarn structure may be quite different from the generally accepted
idealised one;

(3) properties of filaments constituting the yarn structure may be
influenced by the yarn geometry and twisting operation.

Some experimental work was carried out to investigate some of
these factors. The experimental techniques, the results and the
discussion are reported in the following pages.

4.2 YARN BREAKAGE

Simple theory, on the basis of the idealised structure of
twisted yarns, will predict that the breakage is initiated at the yam
centre and moves out to the outside where the filament extension is
least. This will continue until the outer filaments reach their
breaking extensions. In the constant rate of loading tests, the load
previously borne by the broken filaments will be transferred to the
others and rupture would occur as an instantaneous cumulative breakdown,
but in a constant rate of elongation test, the decrease in yarn tension

18
should be detectable. As discussed in chapter I, Hearle has
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predicted the theoretical stress-strain relation after breakage
is initiated (Figure 1.33D)*

However, results reported in the previous chapter show sharp
breaks in the twisted yarns even in constant rate of elongation tests.
This behaviour may be explained by the picture of the breakage given
in chapter 6. Immediately after break, the stress near the break will
increase and the stress in distant regions will fall. This will
result in a rapid contraction and thus the process of cumulative
breakdown at high speed will continue until the breakage is complete.

The speed at which the breakage of filaments progresses along
the yarn cross section, will be determined by the amount of twist,
the strain recovery behaviour of the material and the specimen length
free to contract. High tenacity Tenasco 1650-750 yam with a breaking
extension of 10% twisted to 12 turns per inch on a ring doubler, was
used to study the actual mechanism of breakage.

4.21 Experimental

Two sets of experiments were conducted using the Instron Tester:
(A) The effect of rates of extensions and gauge lengths on the load-
extension behaviour.

(B) Attempts to arrest the progress of breakage.

In the first set of experiments, the gauge lengths used were
1l cm. 2.5 ecm, 5*0 am, 7*5 cm and 10 cm. The load extension curves
were obtained at three ratesof extension (4%* 40% and 400% per min.)

at each of the 5 sets of gauge lengths.
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In the second set of experiments the gauge length of 1 cm
and rate of extension of 40/k was used. The Instron is normally
supplied with an accessory attachment - the breakage detector.

This mechanism detects the decrease in the load signal from the

load cell during tensile tests. This breakage detecting mechanism
can be employed to stop the cross head or to reverse it automatically
as soon as the predetermined amplitude of decreased load signal is
detected. This mechanism of automatic cross head reversal at very
high speed was found to be a most effective technique to arrest the
progress of the breakage.

Attempts were made to use a cine camera technique to photograph
the mechanism of breakage, but the speed at which the first group of
filaments failed, was found to be undetectable with the equipment
used.

4*22 Results

4*22(n) Effect of rates of extension and gauge length on the
load extension curves.

Results are given in tables (4*22/?, S, <I) and figures (4*22A - D)
It is seen that:

(1) As the gauge length is decreased from 10 cm to 1 am, the slope
of load extension diagram in the rupture region decreases while the
intercept A increases (Fig. 4%*22A).

(1i) For longer gauge lengths, the break is instantaneous with load

dropping to zero; for gauge lengths of 5 or less, the load falls to



TABLE 4.224

Bffect of rate of extension and gauge length on breaking
extension and breaking losd of Tenasco 1650/750/12(%) -

Ring doubler twisted.'

Breaking Breaking load {Load in gms.wt.
Rates of Extension % in gms.wt. |immediately af%ggak

Extension | 4% |40% |4007% 4% 140% [400%| 4% |40% [400%

| Gauge
length A
16.4 [19.0}18.4f 2050 {2425 {2750 |1000 | 1000 {1250
16,6 [20.6]16.0] 2275 }2700 25251 95011000 |1200
1l cm, 22.2 [19.4[18.0} 2525 |2425 {2800 |1000 {1700 {1000 -

Ave 18,4 [19.7|17.5] 2283 [2517 [2690°] 983 |1233 [1150

14.8 [11.6|12.8]2400 [2550 {2950 [1250 | 850 | 150
12.8 [13.2 |14.4]2600 [2900 [3100 | 850 | 900 | 150
2.5 em.  [12.0 [10.4]14.4]2350 |2400 |3050 | 750 |1100 | 100

11.6 R3.4 2450 [2750 750 | 450
4.4 [12.8 2400 {3100 1000 | 750
Avg [13.1 [12.3 [13.8]2440 |2740 [3033 ] 920 | 810 | 130
10.2 h0.7 [12.0(2475 |2725 3200 | 625 | 200 | o -
10.0 fl0.1 |12.4 (2625 {2600 3260 | 650 0 0
5.0 em. [0.4 11.6{10.4]2650 {2900 1250 | 751 75 0
10.1 11.5 |10.812590 |2850 {2750 | 840} 150 0
Avg.10.2 [10.9 {11.4 12580 |2770 [3040 | 842 | 142 0
8.1 ]1845| 7.6]2700 }2900 [2750 0 0 0
7.9 | 8.5 | 8.8 2550 [3000 12760 0 0 0
7.5 om. 7.7 1 8.2 | 8.8 2300|2800 3100 | o© 0 0
7.9 ] 7.5 2450 |2750 | - 0 0 0
To1 | 846 2225 (2800 ol o 0
Aven 7.9 18.3 ) 8.41244512850 12870 | ol o o0
“T9.7 10.6 [11.6 {2600 |2600 p9so | o] o o
10.0 cme [9.2 | 9.9 [11.2 ]2650 [2500 [2950 0 ol o
~Avgh 9.3 | 9.7 Y 0 0

11.5 26402555 [3000
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ACETATE 300-7 0-0
TERYLENE 250“14 0-O H,T.
TERYLENE 100-4 0-0
NYLON 040-136-0 H.T.
* VISCOSE 300-100-0

o TENASCO 1650-750-0

0 NYLON 100-3 4-0

X TENASCO 400-100-0

+ > 4 >

GAUGE LENGTH IN CM.

EFFECT OF GAUGE LENGTH ON BREAKING

EXTENSION OF ZERO TWIST YARNS.
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zero in series of steps as shown in figure 4*22A for Tenasco

1650-750-12 yarn. Similar behaviour is observed in the tests

for nylon, viscose rayon and Terylene yarns (Tables 4*22 A,B,C)J/.

(iii) At 1 om gauge length, the breaking loads are less than the

corresponding values at 10 ema gauge length (Tables 4*22 A,B,GjD).

(iv) As the gauge length is decreased from 10 cm to 1 cm the

breaking extension increases (Fig. 4-22 C & D). For Tenasco

1650-750-15 uptwisted yarn this increase is 46*4~ (Table 4%*22 B).

(v) Both breaking load and breaking extension increase as the

rate of extension is increased from 4i°per minute to 400 per minute.

At 1 cm gauge length the load-extension diagram after break, ends in

a series of steps at all rates of extensions. At 10 cm and 7*5 cm

gauge length sharp break is observed at all rates of extensions.

This may be due to the limited range of extension rates used. At

2.5 cm and 5«0 cm gauge lengths, higher rates of extension show sharp

break and lower rates of extension show break in steps (Table 4.223).

However, very slow rate of extension, as in the second observation

below will show the similar features as observed at 1 cm gauge length.
4«22 (B) Observation of breakage

(1) Fig. (4*22 E) shows a number of twisted Tenasco yarns after the

breakage has been intercepted by the sample break detector. The gauge

length of 1 cm was used in all these tests.

(2) Fig. (4*22 F) shows the breakage zone as seen from two directions

180° apart. The gauge length of 10 cm was used, but the cross head was
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manually operated so as to interrupt the breakage,

(3) The lower the twist in the yarns, more is S$he tendency to obtain
a sharp break. However, at very low twists, each filament breaks at
random when its own breaking extension is reached (Fig, 4.22 B).

(4) If the surface of the twisted yarn is coated with coloured
particles and then the breakage zone is observed:

(a) some coloured and uncoloured filaments will
remain intact;

(b) the unbroken group of the filaments will constitute
one side of the yarn cross section.

(5) For Tenasco 1650-750-12 ring twisted yarn, the proportion of
broken filaments to the unbroken ones was found to be approximately
constant in all the test results. This was found by weighing the
broken yarn as a whole and the unbroken portion in the tests using

1 cm gauge lengths. (Table 4*22 E).

(6) Similar behaviour is observed in Tenasco 1650-750-15 yarns,
uptwisted by British Rayon Research Association.

(7) In acetate and nylon yarns, a few broken filaments were observed
to protrude on the yarn surface before the actual break. In acetate
yarn tests, the technique to arrest the progress of break was not
successful.

(8) Fig. (4*22 G) shows the appearance of the breakage zone in tensile
tests using 10 cm gauge lengths and 40$ rate of extension. It was not
possible to arrest the breakage. However, one can observe a small

group of filaments being pulled out from the lower portion of the yarn:



" TABLE 4.22 E

Weights of broken aﬁd uﬂbrokén portions of yarn structure

' Breakage Detector rrlests at 1 cm. gauge length.

Tenasco 1650-750 Rlng doubler twisted.

Samgie C

- Sample A

{Sample B

Weight of

Weight of

Weight of
sample unbroken portion | broken portion
(milligram) (milligram) %
10.8 5.2 51.8
10.6 5.l 51.9
11.4 448 579
10.0 4.0 60.0
Ave. 10.7 4.8 5% . 4%
12.0 4.0 66.6
llo4 6.4 43-8
11.6 5¢4. 53.4.
11.3 4-.8 ’ 57.5 )
9.2 3.5 61.9
9.6 3.6- 62.5°
1091\ 406 5‘4‘5
9.6 4.0 58.3
9.0 2.6 Tl.1l
Avge 9 3.66 61.4%




Fig. 4.22 G Breakage zone of Tenasco 1650-750-12 yam.

Gauge length 10 cm. and Rate of Extension J0% min.



they have evidently broken at some point away from the point at which
break started. The load wvalue falls down to zero immediately after
break.
4.3 YARN STRUCTURE

Knowledge about the actual yarn structure is of importance in
the understanding of yarn properties. Some experiments were carried
out to study the differences of the yarn structure from the ideal
helical form, as explained in chapter I.
4.31 Experimental

Four sets of experiments were conducted to study the actual
structure of highly twisted yarn.

(a) If filaments are extracted from a yarn, they tend to remain set
in the configuration which they possessed in the yarn.

(b) TIf the outside of a twisted yarn is coated with a coloured paste
and then the yarn is untwisted at fixed lengths on a twist tester,
the surface coated filament layer can be distinguished from the inner
uncoated layers, and the form of twisting inferred.

It is necessary to obtain a suitable colouring technique which
will avoid colour penetration in the inner layers of yarn structure.
After various trials of pastes, a vat colour paste made in methyle
alcohol and shellac was found to give satisfactory results. The use
of printing pastes and controlled vat dyeing technique were among

the other methods tried.

(c) If, in experiment (b), the filaments were extracted, one could
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identify the portion or the whole of the filaments forming surface

or inner layers of yarn structure,

(d) If the length of the filaments between two successive cross-
sections of twisted yarns (about 1 mm. apart) is measured by use of
the projection microscope, the length distribution of the constituting
filaments will qualitatively demonstrate the departure from the
idealised geometry of the yarn structure,

4*32 Results

Prom figure (4*32 A & B) it can be seen that the straight and
highly coiled portions of all extracted filaments alternate. This
appearance is qualitative evidence that the migration in continuous
twisted filament yarns does occur. In the third set of experiments,
the coloured and the uncoloured portions of the filaments were found
to alternate. This is also evidence of the migration in twisted
filament yarns.

All commercially spun continuous filament yarns are found to
have some initial twist. The number of filaments constituting these
yarns varies from 7 to 1600 filaments. As the number of filaments
constituting a given yarn linear density (tex) is increased, the
yarns will tend to have a flat ribbon form when wound on winding
packages or fed by delivery rollers. Tenasco (1650-750-12) yam
is found to have a ribbon width of 0.8 mm. and thickness of 0.2 mm.

If such yarns are twisted on a ring doubler or uptwister, there is

a large tendency to twist them in the form of a ribbon. This will



J#6



187



158

be more so where very low twisting tensions are used. Pig. (4*32 C)
shows the ribbon form of Tenasco 1650-750-12* yarn in the process of
untwisting at constant length. During initial stages of untwisting
the yarn surface layer will be seen to have split by a spiral white
line along its axis. The angle of this spiral line depends upon the
twist in the yam.

Pig. (4*32 D) demonstrates the stages in the static twisting
of Tenasco 1650-750-1 yarns. As the twist is increased the structure
resembles a two ply yarn structure. This may be due to splitting of
the ribbon as can be demonstrated in rubber tape twisting, but if
twisting tension is sufficiently high, this appearance is less marked.

The length distribution of constituting filaments was found to
show a normal distribution, figure (4.32E,E*, while idealised helical
form of yam structure assumes triangular distribution.
4.33 Discussion

All these experimental techniques suggest that the actual yarn

structure is quite different from that generally assumed. Moreover,
the number of constituent filaments, method of twisting and twisting
tensions will also introduce some differences of yam structures. If
the migration occurs with the period several times greater than the
length of one turn of twist, then the ideal helical structure is a
good approximation. But if migration pattern repeats over a shorter
length or, if buckling occurs then, the ideal model cannot be expected

to give the correct results. The ribbon form of twisted structure may
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Fig. 32C. Tenasco 1650-750-12 yam in the process of untwisting.



"wek T-0GL-0G9T ooseus] P bLurysmmy OTeds S uw swel Pp sSouexesddy a zexy ‘bua



FREQUENCY

34

30

20

2

5

FIG. 4-32 E,

THEORETICAL DISTRIBUTIONS
Perfect migration
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ACTUAL DISTRIBUTION

NYLON 100/34/30
TWIST ANGLE 27°

27 30
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ACETATE

100/28/50
T.A. 38°
(SAMPLE NO. 1)
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100/28/50
T.A.38 °
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LENGTH IN UNITS.

FIG. 4 32Ea FREQUENCY DISTRIBUTION OF FILAMENT LENGTHS
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mean a great departure from the ideal helical structure. If the
migration is absent in such a ribbon structure, one could postulate
the presence of buckling in the core structure. Tattersall30 has
observed that the yam produced on the laboratory machine may not
have the geometrical properties of a commercially produced yarn.
These techniques will have to be developed to the extent that
quantitative results can be obtained.
4.4 RUPTURE PROPERTIES OF FILAMENTS
One of the limitations to the theoretical prediction of rupture
properties of twisted continuous filament yams, is the assumption
that the twisting operation and the yarn geometry do not alter the
mechanical properties of the filaments constituting the yarn structure.
In testing the wvalidity of such assumptions, the experimental
conditions must be controlled to represent those experienced by a
filament constituting the yarn structure. The rupture properties
of the constituent filaments may be influenced by
(1) the amount of twist and twisting conditions;

(2) the helical path (bending), when the filament forms the
outer layer of the yarn structure;

(3) the compressive forces which may influence the extens-
ibility of the central filament*

(4) the combined effect of these factors.

To advance our knowledge about these disturbing factors,
preliminary investigations were carried out to study

(@) the rupture properties of filaments extracted from
twisted yarn structures;



-(b) effect of twist on the rupture properties of
single filaments extracted from zero twist yarns.

do41 Experimental

(4) Tensile tests of'ext%aqted filaments.

About 20 cm. lengfhs of twisted yarns were untwisted.on a
twist tester. 10 em. and 1 cm, lengths of these extiacted single |
filaments were ﬁhenquspd_fbr tensile tegts on the Instron tester.
Dufing the process of extraotion,.pyecautions were taken tO‘éeé tﬁat  ‘
filament stretching was.avoided. -

During mounting these‘éxtracted filaments some diffioculties
gwere,expefienced in findiﬁéh \

| (a) the bést mounting technique't§’main%ain 1 cm. gauge
lengths, initial tension and to obtain the rapidity

in tests with the minimum of handling;

(b) a suitable device to avoid slippage or breaks at
- the clamping jaws. ‘

In mounting 1 cm. gauge lengths, the technique described by

34

Bvans and Montgomeryv Wag initially tried. Thié'set up cbneiéts

of aycircular jig, resting on an anvil oarried in the cross head'"

of the Instron tester. The jig is revolved by a‘ratchet‘mechanism‘

to pbsition the successive specimen exactly under the strain—sénsings
element of the tensile tester (top jaw). Thé difficulties experienced’

in the. use of this'technique Weie:

1) to obtaln a sultable clamplng band to keep the bottom
tabs in p081t10n durlng the tensile testss

2) to maintain the standard (1 om.) gaugelength. This
difficulty was solved by using a mounting board. The
tabs holding the specimen were then transferred to the
circular jig.




3) to avoid stretching during the transfer of tabs.

The modified technique used is shown in figure (4%41 A).
The circular jig is mounted vertically and rests on an anvil, which
is carried in the cross head of the tensile testing machine. The
circular disc could be revolved until the bottom fibre fixing point
is exactly under the top jaw (Hook Jaw) of the Instron tester. The
tabs could be cut to a known weight and used repeatedly. The standard
gauge length can be maintained by having a radial slot in the disc
between which the filaments could be mounted. One end of the filament
can be cemented on to the disc and the other on a special shaped tab
resting on the disc. The tab can be punched to be carried by the
hook in the top jaw. The arrangement is similar to one used in fibre
testing on the Magazine Hair Tester. It is very important to have
light weight tabs, as some of the mounted filaments will be hanging
freely under the weight of these tabs.

Durofix cement was found to give satisfactory results except
for acetate and coarse nylon filaments. During the process of filament
extraction, it was found very difficult to take out long lengths of
filament from highly twisted yarns without stretching them. This was
observed especially in acetate and viscose yarns.

Similar tests for filaments extracted from viscose rayon, acetate
and nylon yarns (twisted) were initially carried out on the Cambridge
Extensometer - constant rate of extension tests. The technique of

mounting 5 ins. lengths of these extracted filaments on a black stiff
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A,B - SPECIMEN HOLOING
CEMENT

H—HOOK TO HOLD
THE TAB
T-TAB HOLDING FILAMENT
F —FILAMENT
RATCHET ARRANGEMENT
THE ANVIL

CROSS HEAD OF
INSTRON TESTER

LOAD CELL
50 SLOTS EOUALLY
PLACED

11777778000 1 £
i tVsX offt
:I.. 1 1 1
e . i ' 1
i ° L——J 1 J:
3 ¢ s i
] . i

FIG. 4-41A CIRCULAR JIG FOR TESTING SINGLE FILAMENTS.
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paper with cellophane tape and the use of the mechanical jaw was
found to give satisfactory results.
(B) Tensile tests of twisted single filaments.

The filaments were extracted from zero twist yarns and twisted
under constant tension. Twisting was carried out by using the

arrangement as shown in figure (4*%41 The 4 volt D.C. motor

assembly was fixed on the framing of the Instron tester. The
specimen of about 15 cm length was then clamped in the jaw fixed
on the rotor of the D.C. motor. The other end of the specimen was
allowed to hang freely under the tension of the small bull-dog clip.
The rotation of the bull-dog clip and hence the other end of the
specimen was restricted by means of a horizontal needle attachment
which was free to slide vertically to allow for the contraction.
The D.C. motor was stopped after a predetermined number on the
revolution counter. The actual specimen length was noted. 10 cm
lengths of this twisted specimen was then used in the tensile tests. The
Mechanical Jaw was used to hold the specimen during the tensile tests.
4.42 Results

The figures (4*42 A & B) show the breaking load and extension
behaviour of single filaments extracted from twisted yarns, while
figure (4*42 C) show the effect of twist on breaking extension of
some acetate and nylon single filaments. The load extension curves
in these tests are shown in figures (4*42 D* - *).

(1) In general, the breaking load and the breaking extensior

values of twisted single filaments are very little affected at very



e A-TOP JAW
B-BOTTOM JAW
L-LOAD CELL
M-D.C. MOTOR ft COUNTER
F-FILAMENT
D-TENSIONING ARRANGEMENT
C-CROSS HEAD

X-FRAMING OF INSTRON
TESTER

S-CLAMPS TO HOLD THE
PLATFORM P

FIG. 441 B THE EXPERIMENTAL SETs UP FOR TWISTING AND

TESTING OF SINGLE FILAMENTS.
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high twists. The '"breaking extension values show a tendency to
increase with twist,

(2) The load-extension diagrams of both twisted and extracted
single filaments show the deviations in the bends after the limit
of proportionality. This is especially so in acetate filaments (Fig.
4.42 &D ).

(3) The breaking extension of single filaments extracted from
twisted yams show decreased extension at high twist factors of yam
(Pig. 4*42 A).

4.43 Discussion

From these results, it can be seen that the twist in single
filaments will have very little effect on their rupture properties.
Their load extension curves show that viscose and acetate yarns are
more affected by the forces applied during twisting. This resulted in
decreased initial modulus and less sharp bends in the curves at the
limit of proportionality.

In the tests with the extracted filaments, the breaking extension
of filaments extracted from highly twisted yarns, especially acetate

and viscose rayon, is influenced by the crimp in those filaments.



CHAPTER V

Y i iy G P g B 44 P it

Theoretical Developments

5,1 INTRODUCTION
As discussed in chapter I, the present day theoretical
knowledge is limited by certain assumptions made to simplify the
theoretical approach. In this éhapter'the attempt is made to
develop the present theories on the'pfediction of yarn tenacity
by considering the effects of
(1) Yarn lateral contréétion,
(ii) Large extension values,
and  (iii) Bpth compressive and tensile forces when Hogke's
law ceases to hold..
5.2 RELATION OF YARN EXTENSION TO FPILAMENT EXTENSION
In practice, the yarn extension at break is found to be of the
order of 10 to 30 per cent. The simple relation of yarn extension
to that of the filament in the yarn structure is given as
€=y cos? & ceseesses (5.Ra)
where, |

Filament extension

i
Ey

¢ = The Ffilament helix angle..

Yarn extension

Platt et al have analytically shown that this relation is‘a_

good gpproximation when & ana E‘-y are small.




Moreovex, the yarn, alémeter is founa to decrease as the 1Qad *y3
is increased. Por materials having hlgh breaklng exten31on, the
yarn diameter at break may,be estimated from the measured initial
"~&arn dismeter and a factor»baéedbn”the Taw of constant volume
deformat1on. | ‘

Where both G'andféy are large, the 31mple relatlon (5. 2a)'w111
introduce’ 1arge errors in the determlnatlon of fllament exten31on
from the yarn extension.

5.21 Geometrv of hellcal yarn_sgbtructure.

Figure (5 214) represents the- oPened out helix from an 1deallsed_, 

yarh structure showing

R,  Helix radius prior to yarn extension .
Rp  Helix radius at break

,hok Yarn length per turn of tw1at before exten31on

.hb LA R A . o a‘b break
9, Helix angle of filament before extension
@b o on o " n at break

|o  Length of filament before extension

\b ! "% ab break.
By definition, o
hy - by
Yarn extension €-y- = :
| Bo C rreeena(5.210)
and Filament extension g =Atb _‘lo

o cereeea(5.210)
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FIG. 5.21A OPENED OUT HELIX FROM AN IDEALISED

. YARN STRUCTURE. ™




and, by- geometry

Loz = h02 + 4“(2 R°2 " secssenscsse (5.21@)
b =mosee 0p  ceeeeniien.. (5.210)
\O =h0 Sec 0-0 . ’ 0"‘..0')0.-0’-0 (5.21é)

tanVo _ Ro . hp- _ o
'banﬁ'b ’ Rb hQ ..Q...Q..Q.“(Si_zlf)

5,22 Yarn contraction ratio,. |
~ As the yarn is extended from the 1;3ngth he to hy, the yarn
diameter will decrease from Ro to Rb. ‘Th.is yarh deformation behaviour |
may be mathematically defined by a parameter analogous to a Pois_s;on‘s |
rgbios |

Yarn lateral contraction ratio, &y = = (Rb -A‘RB)/RQ_ ‘
(hiy - be)/hs

C..il.‘l.‘ (5'228) t R

From equations (5.21a)and (5.22a)

Ry = 1- Gy €y cerveees (5.220)

For constant volume deformation,

]_-(R% h‘lbr\ = T(‘Boﬁ he LA B BE O 2R B BE BN N J (5.220)




s

. | | A
or By = (L+ €y)”
Ro |

vhen  y is smé.ll this can be expanded and e;;preésed by the. =

approximations | ) | o | B | 4
B = 1-3€y Cveeeen (50228)
Ry - . . ‘

This is a Sp&C:Lal case of‘ equa.t:l.on (5.22b) with éy = 0, 5.‘ \

B By introducing this f‘aci;or ( ¥y in the geometmcal relatlon (54 21f)

and by equata.on (5 219.)

tan Qo
tan Ob

o+ Ex , ‘ :
Sy ey C eeeeenn (50220)

"

* oo

N

5.23 Filament extension
The filament extension € £ can be felated to the yérn bresking
extension ey by a funct‘.:.on of yarn contractlon ra.tn.o 6y and a

filament helix angle Go or Gb._ ~ From equatlons (5 21 a, b, d and e)

€r = (1 +€y) 880 Gb- ... 1
- - Beo Go o ........(5 233.)

Equation (5.23a) can be expressed in terms of 0o or Gb as

Ef =, (1 +€y) sin O, [cobg(} + ban’ Gb]% -1 ?_

or éfz = (1 +€y) : cot Gb +
cot® Cfb"“




By simplification and substituting from equation (5.22e)
. 2 . A
€r = (1 + e:Y‘) [IL - :'2' 1 sin?'@‘o—'l |

m

cieeeen (50230)

or .’ éf

1]

(1 R Ey) [1 v (@ = 1) »’sinzeb]“é‘ -1
teessess(5.23c)

where m=1+Ey
_ 1 -fSy Cy

As showi; m the Appendix, equation_@.ch) can be expanded and

approximated by neglecting the ﬁexmé cont‘ainixlé €y3 aﬁd higher

powers of Cy: A | ; o o
Cr = &y [005201) Gy sin® ] -'-% Eyz(i;'}rs:é‘y)zsinzebcosz Oy

- \ o e mrmmn(54233)
and when €y is small ~ S

€r = €y‘[ coszO'b - ¥ s.inzﬁb} . ».;'...... (5-236)-: :

It can similarly be shown that equation (5.23b) can be expanded

to obtain equation (5.23e) wheve Gb = G-

If 6y =41, equation (5.23¢) reduces to an expression given by

Platt, namely K : .
€6 = & [ 300G =1 o eeeenlsmn
2 - ) | : :




when €y is small and Sy = o, equation (5.23d) réduces

to the simple relation, €f =€y cos G

Thus the simplified relation (&y cos?Q } may not introduce much
error when Gy :‘Ls very' small and the yarn lateral contraction ratio Gy
is zero. However, when both Gy andsir are large, the .filament
extension obtained by’equatidn (5.23d4) will be less than that usually
caleulated by simplified relation. Table (5.23A) and Figure (5.234)
will show the magnitude of errors where such simplifications are

assumed.

.24  Filoment extension - alternative method

The relation of filament extension to that of yarn can also be obtained

by an alternative ‘method. Yarn contraction ratio can be defined as

6y =- _drfc covenee (5.242)
clh A
Differentiating the geometricallrelétion (5.21e), we get 2 Fde =
2 hdfi: + 8T° r drr multiplying both sides by "1 énd by
simplifications ot

al = an B 4mEs2 ar |
E- h Z-z P r sesece (5.24b)- \

From equation (5.24a) and by definition

€r = €y[ cos” O -Gy sinzﬁl ...'.-... '(5.24&:)
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5.3 YARN TENACITY JNFLUENGE OF TENSILE FORCES ONLY
_ The fibre edwssw¥-stréss-strain behaviour follows a linear:
or parabolic relation in the region of failure. When it follows

a linear relation the specific stress X can be given as

X-_-A"'Béf  sessceseve (5-3&)

where A and B are constants.
€f = the filament extension détermined
| by yarn extension €y. |
From the relation (5.23d) .(5.3&)

X=4+8B Ey[:cos'c”’@’b - Gy smzo'b]
— B €y2 g- (1 + @')2 Sin2 &b ;.3052 O'.b | asesetne (5-3]3)

-Consider an element of yarn cross-section, 1ying between radii I and
(r+dr),. the component of the axial specific stress X contributing»td

the yarn stress can be given as,

2ICr dr cos Oy \
Yarn tension = X G cos(p  wuue (5-30)

where ¥ = gpecific volume of yarn

varn tension _ :
cross sectional area of amnular ring

‘ yarn radius at break
and yarn btenacity Y = ‘

0




From equations (5.3b and 5.3c)
Re ” ,

v |ox [ Coc®@, = 2O 1R €23 (1+6.)5R0; GéG
Y- ﬁa&f%{“s@[ 250,76y SAG|-B & 3 (10 6) 5%, sty

{C6§®b4 1",‘:11'} ereveens (5.34)

Tntegral equations (5.3d) can be expfessed in terms of & vari\ablé

quantity > defined as a .ratio

_ Length of filament in helix radii "

il.8¢e 2C

Length of filament at the surface of yarn
| and’cénétant_c = gosine of the surface helix angle, ‘oc
Hence ~ - :
Co- Lo, S o= 1~ S, , rer- ‘—;f""

and iy = ___‘_
AT =<

{ - ' e
and Y = 2% f = B€3L§_—.~.— ey (- %1)]‘%—
\-c® X

» . \ ‘ 6’ N x
=2¢* |plogx + Br&y C“[_;_“xq_*“‘_gi"u_ -BEg, g logd

\-¢c*

|
° L[ . _ <
— B'Gyl_?:C\ - gy) C [_sz —4:(:_“]}

c
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{AL gell Bc,@loge—-acy <>+ &~ l+6y]

\ —c*
CD—

+2 " Bey cF[Aeto L
2 (v &) Bey © [25 Elc:’]}
o ‘ ) —
,,C:_. {P\ loge—é; BGH\_Gy(ocge%z— A+ &) Q——cz)]

' '2-0- .
*%Ct-& 6,) BEy (=™ }

or
Yarn tenacity = A Loég_ SchaQ+ = Ej[C\—Fé;) Cos™K.
Tan®

- O‘ée Sec 0(} 2RE, i+ 69) ‘i
Tan*«K

csv e s (5.36)
special cases of equation (5.3e)

| (i) when yarn contraction ratio &y = o
yarn tenacity = A LOﬁeseCZOQ+ % Cy Cos X-
Tant K
_.'é- BE;s.“:j-oc‘ soeceenrece (503f)
” .




(ii) when yarn extension at break € y is small

.' ] _ . > ’ .
yarn tenac‘lty =4 LO%-?Sec o< +BEy [C\'i' €y) Cosat
'th'lo(

MéjLOggsec%{ or-ooo(ﬁ‘OBg)
4 Tan &< ‘
(i1i) when €y is small and &y =0 '

2
yarn benacity = A Lo«ga Secv ol 4+ BEy Cosol
Q’C‘«’( .
Tqr\ 000506(5.311)

, -
Equation (5.3h) is the one reported by Platt.

(iv) when €y is small, €y = o and intercept A = O
yarn tenacity = BE€y coso<_ ......(5.3:1)'
This relation is the one given by Gegé.ui"? Platlusand others.
Figure 5.3A shpws graphically the magni'tude of error involved
by such assumptions. As the change in intercept 4 is not affected by
" such alternative assumptions, the change in sfopeB has been plotted
| as a relative vélu.e,
5.4 YARN TENACITY - (Small extensions)
| ngumm;md com;‘ oressive fgxm
5,41 Compressive stress
Let the fibre stress-strain behaviour , under the influenée of
tensile stress X and compressive stresses G in two perpendicular

directions take the following linear form in the rupture region:
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X = al Gf .‘— 2 a2 G’ + ‘a3 --o‘ocoou‘ (59[11b) .
.where &, a, and aq are constants.
Substituting for value of €f from eqvat::.on (54 23e)

I = 'a‘éy Y_cosg&b -Qy sin’ &] - Ra, G + ag
ol

A’ a‘éy K(l \*6‘37') ;2 _Gy} - 2&2 G+ a3 -..-(5-4.13)

‘dr' X

L] ’
Hearle has given (express:non 40) the dlfferentlaZL equatlon

‘governing the radial equilibrium, namely

G = - X B
dx - x ereee(5.41d)
substituting for specific stress X from equatlon (5 4lc)
d@- Hialé al Cy{C(ﬁ' 65)—-' "'Gy}-‘ro.5

CQ'::ac, = oC _

This is the differential equation governing the radial v
equilibrium in the yarn. By multiplying both. sides of this equation

. - ]
by the appro:pmate factor ~ta.

p—

__1_ G 2a. & _ q\ y{Cl-\-c;;) GJ +a5
':c,s'q“ Az et 2cn ‘

DC\"i' D

solvmg the dlffez'entlal equatlon

'2.
T R (< &) .- 6':::}”\““5
Gl:c, 2'3\ - :C__x-t-‘lqz :




or §_ : f a, Cy{C\+€3)_~ — Gj\]"‘dzs cl:c,

24, -

i+ 2a,

ta|€yil+6:})‘ > ;q,éjé‘y*—ﬂg

|
2L+ Q) oI g = SC
where K is the constant of integration

R . 3
2 C\tas) T _iqq_

At the surface of the yarn >C = 1 and G =0

o = %@CHQ&C& R &y €y —Ag

A<

A+ a) 2Ca
or |
k= R 6362')-—6{'5 - Ay 6'33 Cl+ G’H)CZ
2a, ali+a,)
consequently

— et

6= A€y, (1+6)) 2 { 1+19L}
At a)) o o

| - =

— q' 6-)9 éyqu{\_x ‘}..tctactoo (5 lyle) )

2Q=.
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ﬁ,g_'g._'___igz_a._x;_n_,tegaciti

Consider a yarn element 1;3_rii1g between radii © and (P+ dr)
in the yarnﬁrdss-‘:sectj..on. The forees contribut\ing to the yai'n
tensioﬂ ares
(i) c‘omponen’t. of axial stress X*parétllel to yarn axis -

(11) component of the tangedtial stress G parallel to the yarn

axisg.
. ThuS, ‘
Yarn tension = X i*ltr«_:\'r" Cc:sl & C;Q'ﬁ:rc{r -Sl'r\&s,;'_\@_
~/ ~/ A
or
L > * Y= 4 (5.422)
= = K*g _@,C\_—'C‘__q-)x = cese oLy : \
Qe x* = | : o
where |
-:C'-'-'_Q-_ y C= CQSO& C= cos e',\"G{rzLQDC,cQ;C.
(- lengbh of filament in helical path for | lurn of
' Q , : st
| = value of at the surface og ~arn .
A = sui'face helix angle at break
But

Yarn tenacity = yarn tension
: yarn cross gectional area
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Sikce Ty
S 4R \-c?

He-'-arrmiging

~ = "9:‘“ J{Q‘C C\""éy)c _qC &y —:—‘—k-qsg—?’

I-c2.

L)

2 .
_— G\:S?_a?. %E"-_\- [ _...C;:_q_]}x o=

Substituting for G from equation (5.41e)

{ .
2.
, [\f:-_‘ 2c fc“ E.y C[_*_gy) Sf_ . C{léy 65 "'C:('S

I‘—CL ;CB . - =
c -
{G\ éJCl+@:;) Q (\_ 2+52C(-;_) A EYEY - Ay, (\—->¢C 2_)]
i(l-&-G(-;_) :C'z v 2,

{%_q_“:.{. ‘ E]dac
c*

=
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Rearran ég(é-\ &

. * ' .
N=2c* a, e |
. \-ec?-'.[{ ENIdE. 6’)[2C1'\‘o\1—>c +C— C‘.’Lq o=

¢ .
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. 2Ai«-2.
a, O+<*nr_-L -¢ j2ov-\c-2~71C
\- c* | 3_(j-v-Qi) U+Qi I c\ Ax c>.
2-OrxB-SL
_3cV3 + LoSe.cll-A.gygy- A sf — C
2a, LC
+ a* r ' - cw i -L 4-1+-Lo<ged,
<R<U
Svrr~Ufy iKg"
Qi c1l Af4 4-37~~, 23 4r2-A 2 I ~
\-c¢*- \ acid4d-Px) Li+ ~x *%*2 0+ ~ 0
_il*Lr«rv L° g ( c +OVis
o_A 2 . a | i
2-a ’
- Q-Ax ~<@ctr—~1C o (s'42.to
Ax C' A
Ec|Mqii'otv(S"-v2.fc>) CAKA be €Xx]|jrcssed4 AS
>T« £ CC, AA*As, A IyAx,67J) (?,,
Sic*!
{e."Y- a3 5°>x-L Ax .4- — ~Ax+~AxHC ,LosS~
2-ax L A 1-+-Q c 2z
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T.; N fr« t-";,\ ‘L‘

uationl S0 con be axprossed o -
+2 A
2’*(““‘*—) ‘_"‘qv— Qa ({+aQq) r=vy

— . ’ Q-
- X Gy DA, —| _ Qo J_ _ San, +8a,— Q + Log Cl} 7.
2, = (+a. C* Ay (VL tag) '

or

P Y= qa’ﬁ C(, c(z) '{_QIGH[CH- é‘,)f(‘q_ CC, o\;z_)" Gb’ '(\ (C/ C—QQ_)]'

........... (& 42 )
Special cases of equation (5.42¢)
(1) when yarn contraction ratio & = O
{ - G oot G facean o G

(i1) when stress~-strain curve is not much different from one
following Hooke's law relation to break.

Then a; = O and a, =B and a, = &, Poisson's ratio for the fibre.

Y= B@{Cw e){aCc. &)~ &yfalc, é:,)}..........,....(5-4.‘16)’ |




7

Further 6y=©  equation (5.42e) willlreduce.tb one

- .
~ given by Hearle (equation-57).
C(iid) When yarn échtraction‘raiipx é&' = 0,5

Y q3-€ CC: :.) -+ aQ, ':7’[3-(?2.CC a)- ‘GCC Q;z.)—l
(54L)

In the p&actlcal appllcatlon of thms expre531on, congbants -

&y ap and a3 must be exPerlmentally determlned
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CHAPTER VI

6.1 INTRODUGTION
In this éhapter the experimental results shown in chapter III75?

are discussed in the light of the theoretical predictions given in -

" chapter I and the fuffherﬁdevelopments put forward-in chapter V,

The limitations of such theoretical pxédictions‘arelalso discussedi::

in the light of the results obtained in the\subsidiary experimehts_\'

" (chapter IV); the processing methods and conditions, the~instrumghtﬁf

characteristics, and structural parameters such as the contraction - -

factor.

6.2 LOAD~EXTENSION DIAGRAM

The curves shown in Ffigure 3.21B show qualitatively most of

"the features in the manner predictéd'inifigufe l1.33e. As the.tWist

is increased, (i) thé'initial linear portions of the‘ourves decrease -
in slope, (ii) the bends in the curves at the limit of proportionf’,:
ality become less sharp, (iii) above the limit of proporfionality,

the linear portions of the curves decrease in slope and (iv) at

“break the load suddenly drops‘to‘zero.

The bends in the curves at the limit of proportidnality,_bedqmef'
less sharﬁ as twist indréaséé. This is due to,the‘fact that in a

twisted yarn, the différent filaments in a yarn‘érosé—seqtioﬂ reach -

"$he limit of proportionality over .a range of yarn extensions. In

other words, the outerfilaments may be folloWing the initial linear
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portion of the stress-strain cﬁrve, while the centre filament
has alrealdy bassed the limit of proportionality.

The linear portion in the curves, after the bends and near
break, decreases in slope as the twist is increased. This is due
to the fact that, at a given yarn extension, €y, the load
contribution to the twisted yarn, by the filaments forming the
pseudocore structure will be lower than that contributed by the
filaments forming the éore structure. In a twisted yarn structure,
the.jurface‘filaments will be contributing a probortiénamely'lower
1oadr;gathe maximum obliguity factor and the lower extension
suffered bj them. On the other hand, at a given yarn extension €y,
all the filaments in the low twist yarns will be contributing their
full share as the obliquity effect is low and all suffer the same
extension as the yarn. |

At very low twists (twist factors below 10 teﬁ% turns/cm. )
each filament ié more or less independent of the others and breaks
when its breaking extension is reached., In such a case, the load
extension curve ends in a series of steps corresPQnding to the
breakage of each filament as shown in figure (3.214). This
behaviour is seen prominently in nylon and Terylene yarns, bub
somewhat less so in viscose rayon and Tenasco yarns. However, for
higher twists, bresk occurs sharply with the load suddenly dropping

to zero. Transformation from separate breakage of individual filaments
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to the sharp break of the coherent twisted yarn, is;én'indicabiOn
that the.transverée forces are large enough to produce the friction
needed to>prevent_the_fi1aments slipping over oné another.

&mmmm@mmmymmn

The load—exten51on curve ig also influenced by the tﬁistingv
ﬁension used during processing. The use of higher tensions during
twistingyappearsto cause‘the occurrence of a higher modulus, higher'
streés value for the Limit of proportionality and a lower bréaking
extensiéﬁ. The tenacity and the strain values of‘the limit of
proportionality will bé‘liﬁtle‘affectéd._ This behaviour is
»diagrammaticaily illustrated in figure (6 21A) If permaneni
defbrmatlon (OA) is assumed to occur,therlthe yarn processed
under hlgher ten510n would follow a S%ressustraln curve ABC whlch
on transferrlng back to the. origin will show‘51m11ar behaviour
to that obtained in.Instroﬁ test results (figure 3.224).

The tension during twisting is obviously an important practical B
factor, which can be expeotéd to have different effects on different
materials, depending on -their elastic behaviour. Immedlately after .
tw1st1ng, the yarn is usually'wound under tension onto some packagef -
such as cheese or a r;ng bobbln. Stress relaxabion will occur on
these packages, but the degree of the stress relaxation will dépend

upon. the twisting and the winding tensions used and on the_reeovery'j;
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properties of the filements. Thus it should be noted that the
twisting tension used is a disturbihg factor which must be borne
in mind ip considering how the properties vaiy with twist.

6,22 Lipear relation near break

As shown in figures (3.23 B aﬁd C), the constants A& and B of
the linear sfress-stfain relation néar break vafy with twist, In
wost of the results both intercept 'A' and slope 'B' initially
rise as the twist is increased and then falls. This behaviour is
similar to that of the tenacity values and can be explained in
the similar way as discussed in section (6.5).

When twisting tension is higher, the change in the intercept 'A!
is very errvatic. This may be expected as permanent deformation occurs.
In figure 6.22A the relative values of glope 'B! for viscose rayon.
~and Tenasco twisted yarns, are plotted against surface helix angle
at bresk. As discussed iﬁ section (6.5), the absolute values are
related to those at 10° surface angle at break. This was useful
in eliminating the variability factor. From figure 6.22A, it can
be seen that, experimental points for Tenasco, lie below the |
theoretical curves, while tﬁose for viscose above it. The simple
relation (coszcxa) gives less sabtisfactory agreement. The expression
assuming influence of compressive foréeslshow quite good agreement

with e}_cp‘erimental values. C Ecg‘-( C&l'or\ S P &)
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6.3 YARN BREAKAGE

6.31  Breaks in long specimen lengths of &a;ns

The behaviour at break_differs. from what has been theoretically
postulated (section 4.2). The theofetical vieu represented by figure
(1.33@), assumes that once one filameﬁt has broken, it ceases to
contribute to the yarn tension, but this assumption will not hold
good in the actual yarn structure, vhere the filament migration,
frictional forces and transverse forces are disturbing factors.

In‘the twisted yarn, break occurs almost instantaneously, even
in the constant réte of extension tests. Oneethe break has started
it becomes complete more rapidly than the instrument can detect.
However, the behaviour of thekload extension curve after the
initiation of break, depends upon the sensitivity of the load
measuring unit and the recorder, the specimen length, rate of
extension ete.

The actual mechanism of break can be explained by the followiﬁg
picture: when the break is initiated, the broken filament ceases to
support the load at the point of breakage, but provided there is
some friction, it will still remain an effective part of the yarn
at positions remote from the point of break. The actual mechanism
of break can be demonstrated by figure (6.3A). The initiation of

the break introduces an vneven distribution of stress. Neaf.the
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7 \(,206
'break, there will be leés‘matérial tovcarry the load and the sﬁreés

will be greater than in regions diétant from the break. The~tota1'_“
load which the yarn can bear must be redﬁced, and so the stress in -
the“disﬁant regionsmust fall and they will contract, furfher extend-
ing-the breaking region and éausing.the break to,coﬁtiﬁﬁe ﬁntil

breakage is compléte;"Thus:even in constant rate of élqngation”testSj 1‘
the breakage will be sharp. |

6.32 _Broaks in short specimen lengths of yam
As reﬁorted in section 4.2,ltheLpipturé of the breakage zoﬁe

depends upon the gaugé 1engﬁh used in thé tensile tgstsvét constant',>
rate of extensions. UWhen 1 cm; gavge lengths were used, the load -
“ extenéion.diagram of,Tenascd 1650-%50-12‘y§rn; éfter bfeak,'ends in
a series of steps at all rates of extensions (4%, AO%Aand 400% per min.)/w‘
bumuwhén the géuge length was increased to 2.5,and-5;Ofcm..thékhigher L
rates of extension show Sharp break, while the lower rates of exiéhsién”
show a series of steps. ‘Ihis behaviour coﬁld be expected énly if
.fhe above picture is the cofreét‘picture of the yarn break. As the
gauge 1eﬁgth is decfedSed; tbe.instanténous contraction in the regiogé‘ ‘
distant from the break will be proportionately less and so also bthe
speed at which the mechanism of break continues-to occur., Further, the -
fact that at 1 cm. gauge length'the rate of extepsion has no effecﬁ _1
'Qn the percentage drop in load immédiately.after the initiation of

break, indicates that the yarn breakage is not initiated by the failure'f
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of a single filament (central) but by a group of filaments forming
cbre or surface structure.

From the photograpﬁ of a breakage region:(fig. 4,Q2F), threé“
thoughts regarding the breakage of this first group of filaﬁents
occur? | |

(a) Break starts in outside‘filaments and moves inwards =

fig. 6.31 A (1); o

(b) Break starts at éore and then progresées in one preferred

direction - flg. 6.31 A (2), |

(¢) The structure acts as one composed of separate units Whlch

break separateiyl— fig. 6.31 A (3). |

In any case, it gseems, without doubt, tha£ the meeﬁanism of‘the
breakage must be qulte dlflerent than S0 far postulated by the simple
idealised structure of the tw1sted yarns.

The load-exten31on dlagram-after the onset_of»bféak, shows the
ﬁanner in which the yarn strﬁctufe éontinues to fail (figures 4,22 A & B).
This Behaviourvdoes not support the theoretiéal_predietionsls. It |
shows that the filaments fail as a group. The breakage is initiated
by the failure”of'the largest gfoup of filaments in the yarn cross-sectibﬁ.f
It would be very interesting to study the'failure'bf this first group,‘
by the use of supBTSpeed'camera technique. |

One curious effect observed is the fact that the breaking Toad
decreases and the breaking extension increases as the gauge 1engtﬁ‘is o

increased. This may be due to the uneven stress distribution during
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‘extension or to the jawfeffeégﬁ If the actual yarnAstructure is
not far diffevent from the idealised helical structure, the uneven
stress distfibution'should not occur. The jaw effect<wi11 result |
in aading a fixed length to the actual yarn extension which will |
be independent of the gauge lengths used. Thig will increase
the breaking exténsion of yarns as the gauge length is decreaséd.‘
but it will not affect the breaking load of yarns unless it
results in the break ab the jaw.‘
6., BREAKING EXTENSION

The results shown'in chapter IIT confirm the ébservatién of
everygn920,21%22,23 excépt Plaitls;'that:tﬁe bréakingiéxiénsion'
of most materials variés with twist. Thé values for viscose rayon
and Tenasco show least variation with twist exceptvfpr the sharp
decrease in the viscosé 75/75 yarn with-ﬁBO twist angle. Ebr
acetate, the breakﬁng extengion isvlqw‘for ﬁhé Tow twist yarns, butg_
increaées to a maximumAand thenfdecreéses‘és'thé tuist is ingréased.
’This decrease is observed in acetate yarhs with twist angle higher
than 35%. For nyloﬁ and Terylene yarns, the breaking extension -
increases continuously aé the twist is increased; Howevér, the
results obtained from the Uster automatic strength tester shows

initial decrease and then continuous increase in breaking exbtension

of Terylens 100-48 yarns. This behaviour is not .observed in the
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Instron test results.

There are several possible exPlanaﬁions of these.effécts
.described in the following sections.

6.41 _Influence of mutual support

The filaments constibtuting the yarn structure do not have identical
properties. The extensions at break range over a distribution of
values. In a zero twist yarn, each filamént will break when its own
breaking extension is reached. The maximum load will occur either as
Soon‘ as the fii‘st » and least ex’seﬁ.sible filament , breaks or after a
few filaments have broken. Hence the yarn breaking exﬁénsion, téken
as the extension corresponding to the maximum load value in the load
extension diagram, wili be low as compared to‘that of the last filament
to break. This difference in yarn extension and the extension of the
last filament to break‘depénds ubon the variability of the filaments.
The within-yarn variability of filament exteﬁsion ab break is low for
viscose rayon and Tenasco yarns while it is high fof acetate, nylon and
Terylene yarns. |

As the twist is increased the breakingkregions of the filaments will
no more be digtributed throughout the test length of the yarn, bubt will
gelt localised ai a single point in the yarn. Tuwist introduces mutual
cohesion between the filaments. This will result in preventing. the
weak place in one filament extending more than the strong places in

its near neighbours. This mutual supporting effect delays the
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initiation of break and in effect increases the breaking extension
as the twist is increased. The influence of this effect.will_reach
its full contribution as soon as the transverse forces are large
.enough to produce the friction needed to prevent the fibre slippage
over one another,

This factor explains the initial rise in breaking extension of
acetate,land éome viscose rayon and Tenasco yarns., However, it
fails to explain the continuous increase of extension in nylon and
Terylene yarns and the decrease in acetate yarns with high twists.,
It also explains the beha&iour of viscose yarns showing least
ﬁariationl at higher twists.

6,42 Influence of twist and compressive forces

If filaments are allowed o contract during twisting, thiéAl
may*increase their breaking éxtension (fig. 4.4&@. But where the
filament diameter is very muoh smaller than that of the yarn, the
“actual twist in the single filament is very low and insufficient
to inorease its breaking eﬁtension.

The filaments in the yarn are also under the influence of
large transverse stresses. In the centre of the highly twisted
yarn they may be about 1/3 of the value of the axial forces in
the fibresls. These oompreésive forces may-influence the filament
breaking extension. As the magﬁitude of these éompressive foroes:'

is minimum for a yarn element following outer structure, its

Ay
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breaking extension will be least affected. Thus in an extreme
case the breakage may be initiated by surface filaments, but
the complete failure of yarn structure will occur almost instan-
taneously. In practice, this is not so; the yarn breakage can
be interrupted. No information is available on which to estimate
the effect of such transverse stresses.

6.43 Influence of twisting conditions

The fibre properties may alter as a result of the forces
imposed on the fibres during twisting. It is necessary to consider
both the total twisting tension, and the distribution of tension
between the filaments during twisting. The sum of the axial
components of the tensions developed in different filaments is
equal to the twisting tension. The tension experienced by the
filaments will depend on their position in the yarn structure and
on the twisting tension. It will be at a maximum in the filaments
following the surface helix and at a minimum in the central
filament. The filaments may suffer a permanent deformation if
the twisting tension is high enough to extend the filaments beyond
their elastic limits.

Two extreme structures that may result on twisting a parallel
strand of filaments are as follows:

(A) a structure with perfect migration,

(B) a structure with no migration.
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In either of these cases, the filaments may or may not be

permanently deformed on twisting into yarn.

~A) Porfect Migration

| Perfect migration Will only occur if the reaotion to the
changing conditions of individual filament tensions is instan-
taneous. If such a structure is obtained by twisting a parallel
strand at higher tensions, twerxtreme structures can be
considered: permanently deformed or buckled structure. Twisting
tension may extend the filaments during yarn formation. .This
deformation may be of elastic or permaneﬁt form,

(1) - On removing the twisting tension, if the deformation is
completely non-recoverable, a permanently déformed structure will
result. As all the filaments will suffer the Saﬁe degree of -
deformation, the‘yarn breaking extension will be independent of
twist and will be deteqminéd by the breaking extension of the
central filament. The breaking extension of the oentral,filament
will be less than that of the filaments in zero twist yarn.

(i) - On removing the twisting tension, if the defqrmgtion is
completely recovered, the buckled ygrn structure will ocour,

Since all filamepts in the yarn structure have suffered equal
deformation during twisting, the central filament will have to get
buckled to allow the recovery of deformaﬁion in the surface filamént.
The degree of buckling can be theoreticglly predicted from equation

(5.23a). It will depend on both the deformation suffered during
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twisting and the recovery behaviour. This assumes\the.absenoé

ofvintexﬁfibre slippage resulting in redistribution‘of étrain. _  fﬁ5
Such a buckled sﬁruoture, With perfact migraﬁioﬁ patﬁern,

ﬁill show'higher breaﬁing.extenéidns és the twist is incréaséd.

B) No Migration

- If-such'a‘strﬁcture is obtainéd by_twiéting parallel sﬁfdndé.
.of filameht,_buqkling will always occur except in the'caseé Whére
the recovery bf deforn&gtion produéed-during msmg is insuffiocient.
‘The behaviour of the structure Wlth no mlgratlon can be studled»by |
considering three struotures. two extremes and one 1ntermedlary case.j

(i) The structure where recovery of tw1st1ng deformation does not
oceur =— no buckling. :

(ii) - The structure where perfect recovery of the %wisting deformaw—
tion and buckling occurs. \ :

(iii) The struoture where partial recovery of the tw1st1ng deformatlon
occurs - 1o budkllng. ’

The first case will result in the contraction féctor»égual to
bne which is not practically observed. In>thelsecon& case, the ya?ﬁ)
breéking extension will inc$ease‘as the fwiét is inéreaéed. This
increase will be due to the failuré’offsurface filaments before thét’
of the buckled core)strqcture; Whilé\in the third case, the yarn
breaking extension will bé determined by the failure of the'surfacé5:
filaments..‘ |

Actual contraction factor may be taken as the measure of the
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déformations'during tWisting. Theoretical oontraétion faotbr
CBGCiKo+*) assumes perfect migratipﬁ andkoomplete strain recovery.
Howéier, if the migrétion is:imperfect or absent, the fact that the\
actual contraction factor is\equal $o the theoretically predictedf“

one, cannot be taken as the criteria of the complete strain recovery.

A lower contraction factor will mean some permanent deformation. -

: ,
The effeot of twisting conditions on the yarn breakin

eitehsiqh can be theoretically explained by assuming buckied
theoretical:model«as follows: |

Consider a parallel strand of filaments with\stéé their
breakipg e#tensions. If such a strand iS tWiéted to obtéin a twisféd‘}
yarn having surface helix angle Xo , the following three tyﬁical
structgres cén be s%udiéi f&f.its~breaking extension behévioﬁr:
(1) TheAcentralfilamem% has reéo#ered the twisting strain coﬁpletely
while the surface filaments ha%e been permanently deformed. Here a
contr;ctibh factor Cy=1
(2) The filamenﬁs‘foliowing the;avgrage helix angle have recovéréd.j{
completely, the central filament has buckled while the surface .
filamént has some permanent deformation. Here the contraotion;faétor ;~
~is one given by ‘theoretical expression Cy = SeeXo* ! |
(3) The filaménts foilowing the surface helixvhaié reooVered'the |
‘twisting stréin'completely, while the whole of the inner structure‘:

buckled. The maximum buckling occurs in the central core structure.\
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Here the contraction factor Cy= SecXKo

If appropriate values of Cy é,ré substituted, the éamé
general expression can be given for calcﬁlé,ting ﬁhe yérn breaking
e:x:tension in each of these calses.‘ |
‘From figure (6.434);

If the surface filament is to initiate the break.

é'j 26—\- 61,)“_& Cosoly— Le
e

La= The length of parallel strand fed.

e f"o'- . - 10(6'433,)

where

L o= The yarn 1ength on tWist\hgbﬁ')éi Yﬁ\axa won.
‘O(b'f ) The surface hellx angle at break.
Substitﬁting o _
[T R
L Gy (€Y Cosdly &1 e (6.430)
Uk the centra,l illament 1s to initiate the yarn :E‘allure then
O(bf—@ and A | | , ‘ , ‘ ' '
€=+ EDNCy -1 TN 430)
It can be seen that the surface filament W:Lll be the first to reach
-its breaking extension whenever such a yarn structure is being
ext end ed. | |
Valueé of €yobtained in ‘substituting the appropriate values
of Cy are shown in figures (6..43]31 - BB>’ and compared with expe‘:‘lr'im_e;ng

tal results, it can be seen that Nylon and Terylene yé,rn struét_ure's‘
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may be closeuto.ﬁha third case while_viscose and acetate to the
second cése. In the case of acetate yarn, the structuré at higher
tuist factors has a teﬁdency to go near the second Sfructuré.
Similarly the‘highly twiste& nylon structure has a tendency to
- reach the second stage bf Sﬁructﬁre.

The limitationsto the prediction equation (6.43b) are:

(a) The extent of migrations: this_will increaseffhe value
of the surface helix angie ét-which'the‘decréases‘wiil be expectedA
and will inerease the rate and the extent at which the initial rise
may occﬁr. | |

(b) The elastie properties of materiéi: this factor will Qetgrmiﬁe ‘
the actual contraction factor ana'héﬁce the degree.of buckling and
permanent deformation.

Thus the hypothetical model of buckled idealised.yaxn structure
and thevthree special daseS'discuséed will help to expléin the
contradictory results obﬁained by some workers;» Grover and.Hambygo
observed higher*’initial‘increase in the bréaking extension qf visédSe'i
rayon,'eron and anetéte‘twisted yarns, followed by a rapid decrease in
yarﬁs with twist.factors hiéher than SQ teﬁ%pt.p;c. (259 - 300). Whiie
Taylorgl anvalattl5»observéd that the yarn breaking extension remains =
fairly constant. These results can be predicted by assuming the
structural differences due to the twisting conditions. Grover and

» Hambyzo used static method of twisting where the extent of fiiament
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migration may be lower than t hat eﬁpected in the yarns in the
continuous process of twisting. Moreover, tﬁe contraction factors, |
observed by Grover and Hamby20 are very much lower than those
observed by Taylor et alzl (fig. 1.52 By =~ B5), especially so ab
higher twist factors. DMore evidence should be made available to
determine the'extent‘to which the buckling and the permanent
deformation in fact happens. |

6.4 _The influence of tesbing conditions

The breaking extensions of very low twist nylon and Terylene
yarns &y found to’ ber‘very low in the Instron tests as compared with
those obtained in the Usber and IP2 tests. Some initial fall in the
breaking extension is observed in Uster results for Terylene 100/48
and some nylon and Dacron yarns reported by others (fig. 1.34 By - Bg).

This is mainly due to the fact that the breakage of a very low
twiét yarn is not sharply-indiéated in tests carried outb 6n the
constant rate of loading machines (IP2, Uster, or Goodbrand pendulum
type). The coefficient of variation in breaking extension results
will also be high. In the Uster tester, the break is detected by the
movement of the feeler (spring lever) pressing against the yarn.

Where there is a sharp break, as in the twisted'yarns, this will act®
satisfactorily, but in a very low twist yarn, it may not act until the
lmost extensible filament has broken. If the variability in the

breaking extension of individual filaments is high, as it is in the
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extensions of Teryléne and nylon yarns, apparentiy higher‘exfension
values will be registered in tests on these very low twist yarns.
Viscose rayon and acetéﬁe yarns, as supplied by Spinneré, do have
some initial twist which is sufficient to reduce this variability
effgct. | |

6.45 __The_influence of‘the combined factors

While the exact part played by all the above factors is uncertain,
it is possible to give a general explanation of most of the observed
effects.

At low twist factors, the suppprting_effect will be most
prominent in increasing the breaking extension as the twist is
iﬁcreased, As soon as the contribution due to this factor reaches
its maximum, the influence of the two compressive forées and the
twisting conditions play an important part. The combined effect of
these two factors in the highly twisted yarns, will result in the fail.
ﬁre of the surface filaments to initiate the yarn breakage. if the
material easily suffers a permanent deformation, then this resulbs in
a fall in the breaking extension, but if the elastic fecovery is good,
then there will be buckling in the core filaments and the breaking
extension will increase even at higher twist factors. Gellulése
acetate comes into the first cabegory; nylon, Terylene, Dacron and
Fortisan in the second; and viscose rayon and Tenasco.appear to be

fairly evenly balanced between the two.
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6.5 YARN TENACITY

6.51 _General discussion

Iﬁ most of the results in figures (3.41A1 - AA) tenacity fiyét
rises as the twist is increased and then falls. The initial rise is
due to the effects of tﬁist on a variable materigl, which results in
the support of weak places in one filament by the neighbouring
filaments as explained in section 6;41. Where the initigl rise is
absent, this is presumably because the variabiiity of the filaments
is so smgll that ité effect is less than théf of the decreaée in
tenacity which becomes predominant in all casesAat higher twists.‘
Another factor that may result in the absence of initial rise is
the imperfect yafn structure resulting in uneven stress distfibution.

g&ﬁg;ugglgtive tenacity

At higher twist factors the décrease in tenacity is expected
theoretically. For the quantitative comparison with theory, it
was found very convenient to relate the actual tenacity values to a "
standard value. Since the tenacity of zero twist yarn is very much-
affected by the influence of the variability factor, the tenacity
value atlsurface helix angle of 100 at break is taken as standard
tenacity. TFor comparisoﬁ with theory, it will be convenient to
plot these relative values against Sihg'o(b s Since such a plot will

be of the linear form on the simplest theoretical efoession.

6.52A Hooke's law relstion

The filament stress-sbrain curve near break may be of a linear
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form, wFor some-ﬁaterials,Athe Hoqkefs law aSsﬁﬁption can be,takeﬁ

_as a géod a@proximatioﬁ. As shéwn in'figureu6.52A1, the"reigtivé
tenacity values, when plotted against iwistfangle‘at‘bfeak, show

a commog»éﬁrve‘for‘all materials. This is especially so if the
relative benacity values are not corrected for the breaking éxtension.:
(figures 6.528 and Ag); Nylon yarn shows higher values of relative
tenacity as its breaking extension increases with‘twist; while the
relative tenaciﬁy vaiues-of viSéqSe yarns will be vé:y 1itt1e.affeéted;
In comparing with the theory;vit-is more‘logical to.qorrect thé |
iArelativé tenaciﬁy values for bfeakihg extension, -but the theoretical
.appfoaCh assumes that the yafn bréaking‘éxﬁeﬁsidn‘ié’not influenced
bj twist in the yarn.

From these figures; if can be seén'thaﬁ'Hbdkeis law relation
can‘bé takén as a good;appréximaiion}_ The simple relation (C&€;¢C)A
shoﬁs‘less agreeﬁent with the experiﬁental_Values. The expefimentél‘
values show qgite good ;greement‘with ﬁheoretical curﬁeiobtained_by‘
assuming Hcoke‘s law relation, influehce of both compressive and |
tensile forces and filaﬁent. Poisson's fétio éS} = 0.5 (eqﬁ.5.429).
This is especially so at higher twist angles. The relative values .
for Tenasco yafns (Tenaséo 400—180)_11@ below the theoretical cufvés

as does the relative slope B (fig. 6.%2R).
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6,528 Deviation from Hooke's law relation

Where the stress-strain relation near break is of the linear

 form, the simple expression for tenacity is given as

2 | ~
- B Lcée Sec Ky + B, C‘Oslcxb .
b —Er\a‘“b 500;07000(60523.‘) o .

o

where,
Q = Inbercept in goub. ftex.
B = Slope | |
D<b = Twisﬁ angle st break.

The relative tenacity.

\(o<b A Loéegecl?(b+. Béy  CosleX,

—_—

\(e, B S N Xy, o

(R on‘.\o (6052b) |

where Y: is the standard value of yarn tenacity given by the relation

Y= A+ Bey C(bus2e)

If we define

< = Inbercept in g.wt./tex expressed as a ratio of

the breaking stress Y¢

b = slope expressed as a ratio of the breaking

gbress \(o
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Then a +b&, = |

' 2
X
and relative tenacity = <« L‘D@e Sec L_’_. 4 b SN2 COSZO(b
Tean Xy

In special cases
(1) wvhere O{bis very small and is positive or negative.
It can be shoun that |
Lo%e Sed Xy

Tar Ky,

~ Cos™ K

And therefore,

: a2
Relative Tenacity = €= l::C—fy) Cos Ky,

~ Cos Ky,

Thus a simple relation. assuming Hooke's law will be a good
approximation, even though the stress-strain behaviour near break is
of the linear form. This will be especially so as value of A is
very low as compared 1t that of b €,

(2) where Xis large and X is vFosdri\fe

> e X K. >20°)
TCXI*‘\Q(7< = = ( ®

and this will result in the under estimation of the relative tenacity

values winen predicted by the simple relation assuming Hooke's law.
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(3) where<Xjis large and A is negative

o

‘_Cbge SQCOQJD 7 GDS O«b
Tars Kb

Here, the simple relaiion assuming Hooke's law will\ovér estimate
the relative tenacity values, |

The value of constant® ‘CKP will be negative for fibres like
nylon, Tenasco, high tenacity Terylene, Fortisan ete. Figures\
(645281 and B,) illustratevthis behaviour. |

In calculating the slope and the intercept factors, it is very |
important to obtain the stress function X = which will represent the
- Stress-sffain felations of fibre over a wide range -of extensions.
In a yarn struchure twisted to 40° twist angle, the surface filaments
- will be experiencing-exmensiohs~as low as 13% of that experienced by
a central filament (equatidﬁé?iﬁcij. In other words, for acetate,
where breaking extension is 30%,)the stress fuﬁetioﬁ X - should
represent the stress~sbrain behaviour of the fibre over the extension
values from 4% to 30%. In actual practice, approxiﬁaiions have to
be made. | |

Platt and Neal Truslow ' have observed that the intercept factor -
tal is negativé for abetate'yérns (Table 6.521). In the present work -
it is found to be a positive one. This is due to the method of |

obtaining these constants. The phehomenon that acetate yarns do show
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Values of 'a! intercept constant for various Ffibres

TABLE 6.52 T.

Inféroept .‘Filament
factor Breaking
tat Ext. %
A) Neal Truslow
Viscose Regﬁlar’ 0.25 29 
Viseoée; H.T. .0.024 18
Acetate - 187 30
Nylon 0.455 28
dlass 0.000 5
Orlon ©0.111 16
Dacron Regular 0.820 23
Dacron H.T. 0.735 13
Vicara Q.228 . 30
B) Present Work )
Viscose 0.16"9 | 20
Tenasco - 0,070 | 18
Tenasco 0.264 10
Acetate 0.356 30
Seraceté 0.298 35
Nylon -0.348 15




fairly rapid loss in strength as the twist is inCréase, has been
attributed to the négative value of intercepﬁ factor. However,
largé exmensions‘in acetate yarns, 1atera1 contracﬁion ratio,
compressive forces may be influencing the teﬂéeity behaviourf

Thue where Hooke's law ceages to hOld, these disturbing facthS
will limit such an approach. Also actual slope and intercept
.factors of viscose and acetate yarns are affected by twisting
tensions used (section 3.23). |

Relative tenacityA(corrected) values are plotted in figures
(6,5201 - QA)' It can be seen that, thévtheofeﬁical équation
(S3e ) assuming yarn laberal contraction ratio Gy = 0,5 and
large extension values (&) shows better_agfeement than ﬁﬁat/‘
shown by the simplified relation éésumihg65;==c> and €, small.
However, both nylon and Terylene yarns show higher felative values
than those predicted by these eqﬁatidns (fig. 6.52C4). This may
be abttributed to their breakiﬁgleﬁtenéibn behaviour with twist and ‘
~also the fact that their stress-—strain behaviour near break is less
linear in form (parabolic). \

Tn testing the validity of equation S42¢ assuming influence of
compressive forces, the elastic constants @ Rg and ?&; will have to
be ek@erimentally determined. The computation of these consténts from

the gbserved tenacity values for yarns with varying twist angles, will -

evalve some approximgtions and difficult calculations.
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6454 Relative tenocity = influence of twigting conditions

As discussed in section (6,44); the actual yarn structure may
deviate from the theovetical idealised model. This may result iﬁ
the buckling of the central filament and the permanent deformation -
of the surface filaments. The extent of buckling will dépend upon
the material properties. The state of equilibrium may reach when
the ouwtward compressive force of the buckled inner structure will
balance the inward radial compressive forces due to the residual
stresses in the surface filaments. The nylon and Terylene-yarns
will show highef ﬁalues of yarn exteﬁsion so alsothe relative tenacity
values. This factor affecting the relative values.can be easily

caleulated from equabion (6.43b). The factor (A €y, CostX,; Gy=)

will be maximum when C;y =f5ecfXgnd minimum when é;f= ltfg The wvalue
of this factor will be | , when contraction factor Cy can be determiﬁed
by the complete.recovery of strainé in the filaments following heiix
angie‘j(b .
6.6 WORK OF RUPTURE

Work of rupture has been observed to follow the similar behaviour
ag does the tenacity values. (figures 3.51A). Tt initially increases to
a maximum and then decreases continuously. This increase is not observed
in Tenasco yarns twisted under low temsions. The work of rupture;of
nylon and Terylene (high tenacity) yarns is least affected by twist.

These results are expected theoretically.
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Work of rupture = work factor x tenacity x breaking extension.

If work factor is assumed to be consﬁant, the work of rupture will dépeﬁd
upon the behaviour of the breaking extension and tenacity values with

- twist. If yarn bfeéking extension is not influenced by the_twist, the
relative work. of ruptﬁre should exhibit, both qualitatively and

‘ quantitaiivexy, the features obgerved in yarn tenacity values.

From figure (3.¥1B), it can be seen that the work_féctof is vérj .
little affectéd with twist forléll:yarnS“ekcepm nylon and Terylene,
wvhere it.decreaées ét very high fﬂist‘facfars.> | |

The relative work of.ruptnfe'values (figures 6;6Ai)aﬁﬂ?£2) show all
the features of téﬁacity,behaviéur for all-yafns except hiéh;tenacity
nylon -and Terylene yarné. 3The’decfease in the reiaﬁive wérk of
rupture for Tenasco'yarns is ver& high and also the tenacity value.
 The work of>fuptﬁre for nyion and Téryléne (H.T,) yarﬁs reQain fairly- .
éonstant at all tﬁist factors: This may be due to. the fact that:actua1 i"~

breaking extension values are higher than the predicted ones.
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APPEND IX IT

Approximation for equation No.ﬂf‘.ﬁ_—i?-?_fé
L
2. s /2 ' , )
~ ’ ) . , Gs - ‘ ‘ .
By binomial expansion and neglecting S band higher powers of s~

€c= €y — G+ €y ""%:l‘S\"r?@b.

o 2 > “+
‘ e %CW-—\—‘&'-—* ‘) Cl+€y>sn\;eboonooooo.(2)

e L €y o 14 €y CLd B+ é‘y"'gj(\%__gy)jL....:.;“
, -6y ey ' | : . '. -
sl = 26, (&) + ESOH G (B3 E) ¥ 2E9 Sy (V).
And |
T * 2 .- : 2 2, 2 .
( h‘%_‘ ) = Cy A+ 6y ) + €y C\+&y) C!+3€,)+-~---
substituting for (\°=1) in equation (2)

- e[0T 8) T 6T sy cune)

an ' LD 2 2 3, .2 O '
—+ ej 6y U+ gb,ﬂs\r?&)w% Q-+ éj)[éj Q +EN+E, (+G 436y s,hgb.

: I3
- By simplification and neglecting €y and higher powers of €y

— 5T+ 6)SRE + 2o & sitey



260

or

e—c.___ Cy\:‘ — C\+ Ey) Simy eb_] Cy Q-+ Gj) g\nq'eb{\ +§€ - %('FG;,)
Sw\'l&]

= Cy[Cos” 0~ €y Sitey |- €y (it 69) Bin 55,3 Cl—Su2®)

- Qy[Co$’l®b - é:' S\N%J] C:,/ Cl+ G_J)Q-?-? &.b Gslﬁb
S ‘eessssssen (3)

Similarly equation No.§23bcan be shown to approximate to
$ 2
€::/ [COE?-&Q”‘ Gj SU’\ 89] XYY (4)

But when €wis small Oo is approximately equal to Sb and co

equation (3) and (4) will be identical.



