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SUMMARY

The mein field of enquiry inc.uded the effect

of interlacing on the tengile strength =nd the inilu-

ence of cheanges in weft psrticulsrs on the strength

n

ed

-

of the warp. The results in 211 cases sre expres
in terms of febric sssistonce ratios which are of
grester interest when dealing with the influence of
component ysrns on the febric thsn direct strength
velues. Behaviour of continuous filsment yerns =nd
cotton yarns in woven constructions was investigsted
sand considersble differences in the bagic pattern
were discovered between the different materialscf

In addition to the sett 2nd the wesve structure
it wes found thst the crimp factor exerted = distinct
influence on the ultimste strength velue. In this
~connection it was postulsted that of considerable
importanée in the standard method of tensile strength
was the ratio of crimp between longitudinal snd trens-
verse components of s febric.

A trellis type of Jjew was constructed to test
fobrics under conditions of homogeneous streoin with
the eliminstion of "woist® effects and comparisons
were mode between the two methods of test using

identicel specimens.



CHAPTER I

GENERAL INTRODUCTION




In order to design = woven febric having the
optimum combination of properties for = given use, it
is desirable if not essential to know how each of the
properties in guestion is affected by the changes thst
can be made in the construction of the fabric. In the
present investigstion the property in question is the
tensile strength.

Tensile strength has been accepted as one of
the more important mechenical properties of = woven
textile structure. It shows the coherence of the
structure in question and without useful degree of
coherence, the rest of the properties are really of
little value.

Very often a certain minimum strength is
required in a variety of woven textile structures made
under contract as a guarantee of quality and as s
comprehensive check on a number of other points of
specification. Menufacturers who attempt to produce
such structures are not able to know whether they are
meeting the required strength specification until they
test a woven specimen. Thus the work is carried out
blindfoldedly, especially, when new types of struct-

ures are woven. When it is a repetition of a previous



specification or where particulars are somewhst
similer, the same difficulty does not exist since
there is a store of knowledge with regard to its
behaviour and characteristics obtained through past
experience.

Since the practice in the weaving industry
is to order yarn in considerable bulk before the
commencement of the weaving process, any mistske in
~ respect of yarn count, yern twist or fibre quality
could be very expensive if the woven structure in the
end did not meet the reguirements. If there was no
previous experience of the structure in question, the
manufacturer could only depend on his judgment and
broad appreciztion of general factors involved, and
might err considerably. The tendency might be to err
on the high side which could result in the production
of a highly priced and therefore uncompetetive fabric.

For these ressons, the general eguation
relating fabric strength and the yazrn particulars
could be of considerasble value. This relation, as one
can expect, will undoubtedly be a very complex one,
due to a lsrge number of verisbles involved and also

due to their interaction. This mutusl interaction of



of veriables mey, in turn, csuse the effect or influence

of each variasble to change considersbly.

The variables which the textile technologist
may have to deal with could be listed as follows:

a. Characteristics of the raw materizl.

b. Yarn particulars - such as count, twist, method of
spinning, doubling, irregularity and frictionsl
properties.

c. Fabric particulars - crimp, setting, tension and type
of interlacing.

d. Type of finish.

In spite of the complexity of the problem 2
good deal of guidance can be obtained, however, by
changing the above variables singly in one type of cloth,
and then studying the cheanges in fabric strength in
relation to the particular veriable.

It was realised, of course, that full investi-
gation of all the particulars involved represented =
task 6f considerasble magnitude, but it was thought that
by concentrating on some particular variables certain

definite trends could be discovered.



CHAPTER _2

REVIEW OF LITERATURE



It has long been known that the mechanical
properties including the tensile strength of fabrics
depend to a large extent on form factors, which are
~in common use throughout the textile industry. How-
ever, there is very little evidence until asbout 1928
of any systematic research directed towards engineering
fabrics for specific end-uses and with specific charact-
eristics. Since 1928 the volume of literature on the
subject has grown considerably and the relevant work
is reviewed briefly on the following pages under
convenient headings.

2,1 —FABRIC GEOMETRY

Peircel was the first to use the classicsal
approach in the field of fabric geometry. He established
the fundamental principles of textile structures by
generalising the changes in yarn and fsbric form factors
on the basis of geometric similerity. Afterwards, many
research workers 293 have made an attempt to develop
rapid computing techniques for solving Peirce's equations
published in his original paper 'Geometry of Cloth
Structure' for yarns of circular cross-section. Pollitt4
hss a2lso stressed the importance of fabric geometry os

well ss some of the important relations (expressing yern



dismeter, crimp and cover factor) formulsted by Peirce.
Shcherbina? in introducing German reasders to the Soviet
concept of "structure phase" refers to Peirce's work and
to its development by Painter? The term "structure phase"
states the geometric structure of a fabric in terms of
yarn diameters, fabric thickness and the horizontal and
vertical distences between warp and weft thread centre
lines. In the case of acrylic fabrics which zre woven

in plain and some other weaves, Haller6 has recently
applied Peirce's equations of fabric geometry and has
published graphical solutions to produce tables for count
balance, cover factor and meximum sett, In psepers by
Il'inz Decocq8 and Fujishima% the authors aiso discuss
the geometry of woven fabric. In a report issued by the
office of the U.S. Quarter-master General, Backerlo
discusses the importance of fabric geometry =and shows

the relstionship between the structural charscteristics
of the fabric and verious functional chesracteristics,

such as bresking strength and elongation, tear-resistance,

11,12,13,14 have made

etc. In other papers, Backer et al.
a comprehensive evalusation of the relationship between
the structurael febric geometry and its physical properties.

In designing fabric structures, the requirements



of ultimote strength heve been discussed by Hamburger}5

He indicates in the same psper the importance of elastic
properties at high strain levels snd their varisbility,
as well as form effects in the case of ultimste strength.
In this important contribution he discussed, in short,
the underlying philosophy of the concept of an engin-
eering epproach to the design of textile structure,
which includes the effect caused by fibre properties 2nd
fabric structure. In an earlier paper}6 he hess stressed
the importance of the stress-strein curves of textile
materisls.

More recently o similsr eopproach hes also been
sdopted to knitted fabrics by s number of different
research workers}7’18

2.2 EFFECTS OF STRUCTURAL CHANGES ON FUNCTIONAL

CHARACTERISTICS

2.21 - Hffect of the Chesracteristics of the Raw NMsterial

Obviously, the total number of fibres in the
direction under test end their quality are most important
factors. From the integral strength of the fibres in 2
cross-section of the febric, the upper limit of the
strength thet could vossibly be expected can be determined.

Gregorylg hes oredicted thet the realised strength of =



febric is only about helf of this strength. The effect
of fibre fineness on the tensile properties of fabrics
was studied by Sands et al?o Cotton fabrics were

woven with warp and weft ysrns having different combi-
nations of fibre finenesses and = range of yarn twists.
Then the effects of these combinations on the strip and
grab strengths and on the elongetion at bresk were
found. The importance of the 2bove experiments lies in
the fact thet a2 meximum weft strip break factor was
obtained'by using a cotton with micronaire resding of
about 4.0 in the weft yarns. The same authors%l in
another paper, have proved thet the tensile strength is
not dependent on fibre fineness over a range of micron-
aire values 3.0-4.5. The effect of short fibres on the
tensile strength of fabrics hes been reported by Tallant?2
He pointed out that significent changes result from an
increase in the percentage of short fibres in the cotton

yarns.

2.22-—Effect of Yern Twist.

Schwab23 has discussed the possible effect of
yarn twist on the strength oi cotton and spun rayon
fabrics. The given values, however, are valid only for

certain types of fabric. The results are intended to



form a basis for setting up tables from which, in
practice, the magnitude of the effects can be read off
in esch individusl cese. Hssem“4'2% has also deslt with
this feature anc has pointed out that elongation of the
fabric is influenced by the szmount of yarn twist. This
can be seen by testing fabrics which have been closely
woven with tightly twisted yarns. Such fabrics show
apparent loss of extensibility as compared with fabrics

woven from low twist yarns. Schiefer et a1?6

have also
discussed the effect of twist on breaking strength,
elongation and fsbric assistance for plain and 2/2 basket
weaves. They observed no consistent differences in fabric
properties as a2 result of change in ysrn twist direction.
However, they hesve pointed out thet as yarn twist multi-
pliers are increased, the corresponding directional
bresking strengths of the fabrics increase up to a maximum
and then decrease Wifh very high twist multipliers in a
manner similar to the behaviour of single yarns. The
pesk fabric strengths occur at twist multipliers of 4 to
4,75 in the warp and filling. It is convenient st this
stage to introduce the definition of fabric assistence
given by the ssme investigators. Fabric assistance is the

difference between the strengths of bands of y=rns and the



same yerns woven into e fabric structure, expressed as =
percentage of strength of the band of yerns. They have
shown thet with an increase in twist multipliers there
is a decrease in fabric assistance in general until =
minimum is reached, whereupon further increases in twist
multipliers are accompanied by greater degree of f2bric
assistance. The meximum and minimum noints of these two
curves (fabric strengths versus twisct multipliers and
fabric assistance versus twist multipliers) occur at the
same twist multipliers. Moreover, they have indicated
that the cloth elongstion increases with higher twist
multipliers. The same authors have also attributed the
‘greater fabric assistance in plain weave, as compared to
the basket weave, to the greater number of yarn inter-
lacings in the former.

2.23 —~Effect of Warp Tension

Morton and Williamson27 have examined the in-
fluence of varying wsrp tensions on the mechanical
properties of plein weave fabrics, varying in cover
factor from (13.2)2 to (16.?)? They have pointed out
that with sn increase in tension, there is a corresponding
increase in the breaking strength of the resultznt fsbrics.

Piokup28 has also drawn attention to this problem.
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2.24 —Effect of Crimp

It is well-known that the amount of crimp
afifects the measured strength of a strip. Turner29
has stated that the relatively low strength of a specimen
of o hesvily sett fabric is due to the unequal removal of
crimp during the test. Peircel has also pointed out thet
if the longitudinal threads are very closely sett, it may
be impossible to remove 211 their crimp because, before
this occurs, the crossing threads will have jammed.
Schiefer et 31?6 have noted that the elongations of the
fabric exceed those of the yarns and this is due to the
crimp. Thus, it follows that the plain wesve has grester

extensibility than the basket weave.

2.25 —Effect of Weave Structure.

Due to the difficulty of expressing weave
structure quantitatively, there is a limitation to some
extent in relating weave structure to specific fabric
properties, e.g. to tensile strength. Essam24’25 wa.s

probably the first to find a definite relationship
between the breasking strength of a fabric and its struct-
ure. He made a study of four weave structures, constructed

with four degrees of openness and with yerns of four twist

multipliers. He =2lso tested single ysrns for breazking



Strength =nd then computed the multiple stfengths for
esch system of fsbric yerns (unwoven). He compared
these values with the actusl fabric strength values
and attributed the differences to the weave structure,
the texfure and the yern twist. The paper by Brown

30

and Rusca discusses the effect of weave structure
on febric properties. They observed that the warp
tensile strength decreases for the 3/3 steep twill
and 2/2 basket wesve, with incresces in picks per
inch. According to them, this is due to the abracive
action on the werp during weaving. However, the
filling is not subjected to the abrssive action in
the same way as the werp =znd hence, the tensile
strength incresses with increasses in picks per inch.
These were gome of the findings of the investigetors
when they tried to develop e svecislized fabric highiy
resictent to the pessage of weter . esnd =2ir end
pogsessing relatiVely high tensile ond tear strength,
yvedt 1ight in weight.

In the casge of worsted fobrics, Anenthen ond
31

(o®

ieng hoave described the effect of weave structure s=nd

(]

sett on the tensile strength. In their progremme, they

inciuded plain, 2/2 mat =snd £/2 streight twills. They



[
no

concluded thsat within the limitstions of their
experiments, the febric weight was proportionzl to
the sum of the mean warp =nd mean weft tensile strengths,
so long as the sum of the warp and weft febric assistances
was constant. It should be noted at this stage that
the above relationship also holds true in the case of
cotton and continuous filement reyon fabrics szs shown
by Jemeson, Whittier, snd Schiefers® Ansnthsn snd
Lang, in the same psesper, have slso brought some evidence
to prove that the effect of yzrn crimp on weight is
negligible.

More recently, the influence of weave
structure on the tensile properties has received
attention from verious research workers. Schutz =nd
Hunzinger33 have defined the term “"Coefficient of
Binding" as a ratio of the febric strength to the sum
of the stfengths of the threads in the samples tested.
For the range of variations with which they experimented,
this ratio increased proportionaily to the incressing
number of threads per inch. Srinsgebhushans et a1.34
have 21so discussed the effect of we=ve structure,
with conetent setting, on the tensile strength. They

heve observed that in the plesin f-brics the weft strip
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has about twelve percent higher bresking lo=d, wheress
the cese is reversed in the twill febrics. Wegener =nc
Winter35 have examined the dynamometric properties under
periodically repeated upper snd lower limiting stresses
in the case of cuprammonium rayon fabrics. They heve
found thet from the shrinkage in the weft direction of
the fabric, it is possible to predict the elongation
behaviour. This shows distinct relsetionship with the
number of warp threads to the wesve repest anc the
number of picks per centimetre. Agsin, they have 2lso
shown that elasticity decresses with the duration of
stress and is inversely proportional to the fabric
shrinkasge. Schiefer et al.26 have made an important
contribution to this topic. Their experiments covered
a wide range of weaves in the same construction, viz.

95 x 92 sett, 57's and 60's count. In that paper, they
have enumerated and discussed the fsctors which contribute
to strength sné tear resistence. The mein feature of
their investigation is that they heove studied the effect
of weave on the tensile strength of fabrics hesving the
same weight per squere yard. They heve summerized that
'a fabric which is closely woven, firm end has a large

number of threads interlascings per unit ares and short
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floats hes a greater strength and elongation than =
febric of the sszme weight which is loosely woven,
sleazy, and has a small number of thread interlacings
per unit area and long floats. In another paper,
Schiefer et al§6 have pointed out that the fabric
assistance incresses with the number of yarn inter-
lacings, Which éonfirms the findings of Essam. Turner29
has also observed the effect of weave structure on the

strength of plain cotton fabrics.

2.26 —Effect of Fabric Setting

Schiefer et 8l.°° have concluded thet the
weft and warp breaking strengths increase with the number
of weft and warp ysrns per inch respectively. Taylor37
has also drawn the ssme conclusion.

2.27 — Effect of Loom Abrasion.

Schiefer et a1.36 have 2lso published evidence
regerding the effect of loom sbrasion on the tensile
strength. They have concluded that loom sbrasion
decresses the breaking strength of the yarns in the
fabric. The decrease is proportional to the amount
of loom =brasion, that is, to the number of weft ysrms
per inch since the movements of the loom sre directly

proportional to the number of weft ysrns per inch.
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Moreover, they heove 2l1so observed from the results thet
the loom abrasion decreases the warp bresking strength
at a2 greater rete as the number of weft yarns per inch
is incfeased than the incresse resulting from the
increase in the number of interlacings.

2.3 USE OF STRUCTURAL PARAMETIRS IN ADVANCE PREDICTICN

OF FABRIC STRINGTH

In view of the considerasble convenience of
advance prediction of fabric behsviour prior to actusl
weaving, especially when attempting to produce new
types of fabrics for contract specifications, many
workers tried to compute fabric strength from ysrn
characteristics 2nd other features known in advance of
fabric manufacture.

In 1944, BlackeSo

put forward the following
relstion between the tensile strength of a yarn and
the fabric made therefrom.

Rf =FxNx Ry
where Rf and Ry are the dynamometric resistences of

the fsbric (5 centimetres wide) and the yarn,

N the number of threads in 15 centimetres,

and F o variable.

He hes listed and discussed fourteen factors
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affecting the value of F. This value of F has been
established by him for = number of listed czses,
using Egsam's results.

Another approach has been made by Kjellstrand
(1935), based on the ratio between specific strength
and fabric density.

Satlow 2nd Griese39 have 21s0 given a fabric
strength formuls as a multiple of yarn strength. The
formule includes =2 verisble F, which is a2 function of
the yorn msterisl, weave structure snd the method of
weaving. They have discussed these three together with
other contributory causes =nd produced tables for F
values for different types of ysrns, counts and weaves.
They hove also made a comparison between theoretical
and experimental velues of F. This wvelue could be less,
equal to, or greater than unity and is given separstely
for warp snd weft.

Bouvet40 hes dealt with the factors, e.g.
type of yarn, zmount of twist, inherent stretchability
of individual yarns, relative humidity of the yarns and
fabrics snd cloth-setting and several others, to be
taken into considerstion in calculating the strength

of 2 rayon febric. He has given dizgrams to show the
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effect of twist on continuous filament and spun-~
rayon vicose yarns and the varistions caused by using
different staple lengths of fibre. His foﬁmula for
calculating the fabric tensile strength is as follows:

F, =Y xNExV,

s
where FS = PFabric tensile strength,
YS = Yarn strength,

NE = Number of ends (or picks) per inch,
V = Other variable factors (at least 9 in gll).

In another article, the same author41
discusses some "little-known" factors which either
increasse or decrease the strength of rayon fabrics.
The factors which cause the incresse include dimen-
sional changes, sizes, finishes snd a packing factor,
while amongst those which csuse reduction are
processing dsmages, warp-length verisztion, varied
types of yarn and crimp.

Freudenthal42 has presented 2n empirical
formula to predict cotton fabric strength by the grab
method. He concluded that the tensile strength
incresses with an increase in the thread numbers but

decreases with an increase in the cotton yarn count.

Hence if such 2n increase or decrease in tensile



strength occurs at a constant retio with a change in
thread number anc yarn count, the following formuls
will hold true:

Tensile Strength = Constant x Thread Numbers

Yarn Count
The above formula, according to the suthor,
holds true on the basis of the svailable data. He hes
also compiled two tables to predict the tensile
strengths in" the wsrp, and in the weft direction for
fobrics made in a2 large number of constructions and
from a particular type of cotton.

Taylor37

has made an attempt to co-relate the
fabric tensile strength, yarn strength, yarn construction
and the psrameters of faobric construction and suggested

the following relationship.

. 100 br, &
. = ‘_["2 + .—-———2_——
nf 100 - ¢ NK*™ T
where F = TFabric strength ratio, J,
nt
¢ = crimp,
N = count of yarn,
K = twist factor of yarnm,
f = single-thread strength of yarn
@ = a constent.
r, = irregularity factor,
Ty = binding factor,

b = =& constant.
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He has also given experimental results to
illustrate the validity of the theoretical equation.

Moreover, he has drawn various graphs plotting

J x 100 sgeinst 1 . A1l these plots
100 =% el

show a linear relationship.

Sends et al.43 have made a statistical
evaluation of the effect of yarn properties snd fabric
structure on the grsb bresgking strength of fabrics.
They have published eguations relating grab strength,
yarn count, cloth-sett, crimp asnd skein breaking
strength. The regression of grab strength on the four
independent varisbles for the 87 plain woven fabrics
has been expressed in the estimating equation'as
follows:

For werp direction,
Xl = 8.96 - 1.05 X, + 0.84 X3 + 0.31 X4 + 0.24 X5 .

Yor weft direction,

X =-10.19 - 0.81X2 + 1.07 X3 + 0.41 X4 + 0.24 X5 .

1
Similarly, for the 122 fabrics including plain,

sa2teen, twill, end Oxford weaves,

¥or werp direction,

1



For weft direction,

X -17,80 - O.82X2 + 1.17 X, + 0.10 X, + 0.31 X

17 3 4 5
where Xl = grab strength,
X2 = yarn count,
X3 = yarns per inch,
X4 = crimp,
X5 = gkein bresking strength.

The authors have suggested thst since the
plain woven fabrics included in the analysisvcovered
the range from tobacco shade cloth to high count lawns
and broad cloths, and the other weaves included twills,
Oxfords snd sateens (some from both carded and combed
yarn), these eguations csn be used for a first spprox-
imation of the relstionship between grz2b strength and
the verious constructionel features.

Another method for predicting the fabric
strength was put forward by Whittier44. His method
depends upon the fect thst fabric construction has 2
definite relstionship with its weight. He has mentioned
2 term celled “"Fsbric Strength Factor". This is obtained
by dividing the'tensile strength of = febric (in pounds)
by its weight (in ounces per squere yard). If the

fabric strengtih foector of a cloth having the same



particulars, spart from weight, =g the unknown is
given, the strength of the unknown fabric ssmple
can be predicted by comparison with the known cloth
if the weight of the sample of‘unknown strength is
known.

Hotte45 has also predicted the bresking
strength snd elongetion of combination fsbrics, such
as were used in balloons. He has found out a2 co-
relation which exists between the sum of the loads
thus borne by the individual fabric components and
the total breaking load of the bealloon combination.

It is worth mentioning at this stage that
in the case of 97 two-bar tricot fabrics, Fletcher

and Roberts46

have established s relationship between
stitch length, yarn diameter, runner retios, wales,
courses, breaking strength and elongation and bursting
strength.

In the case of felts more dense than 0.17

ol have suggested that the tensile

g/cmB, Baines et al.

strength in 1b./inch2 is proportional to the density

for the given materisl felted under similer concitionc.
The last two examples, however, refer to

structurelly different m-terisls where simpler rel-tionrs



mey exist then in = woven cloth.

2.4 SURVEY OF DIFFERENT APPROACHES TO FABRIC STRENGTH
TESTING '

2.41 - Relations between Grab, Tear and Strip Tests

The inter-relationships of grab, teering =nd
tensile strengths have been studied by verious
authors48’49’5o Eeg-olofsson and Bernskibld49’5o
have shown, both theoretically and experimente_.ly, th-t
the bresgking strength by the greb test should differ
from the strength by the strip test of the same width
by a constant value independent of the width of the
clamps and the difference should decrease to zero as
the distence between the clamps is reduced to zero.
While assessing the resistence of textiles to fungal
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attack, Russell and Hindson claimed thst bursting

strength results are not significently different from
tensile-strength results. In 2 similar field Winkler~
has modified Sommer's53 equation to show the=t the

bursting pressure can be derived from tensile strengt:
54

and elongetion. Alberti mede = comparison between
the strip end grab tensile strength tests, in which h-
hes shown thet the greb test gives greater verisbility

-

and more Jaw-brecke then the etris toot. Jooner ond
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Schlenker also mede 2 gimilar comparison. “They hove

also given the formula for calculating gresv bresking

load from the strip test; Yasenova56

in a recent
erticle has suggested o formula for the inter-conversion
of fabric tensile test results obtained on different
testing mechines with different test lengths =2nd speeds

of elongation.

2.42 —~Biaxial Tensile Testing. ‘
57

Klein” has discussed the criteris of biaxisl
tensile testing, described the ingtrument for it and
reproduced the load-extension curves of a cotton febric
used for the envelope of sn szirship a2t different werp-
to~-weft load ratios.
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Clulow and Teylor heve 2lso carried out the
theoretical and experimental investigetion of bisxisl-
stress-strain reletions in a plein weave fecbric. Asswuing
perfectly flexible yarns of unchanging cross-section,

they have compared the experimental results for =z plein

weave fabric with the theoretical stress-strain

characteristics, calculated on the begis of frbric geom-tiyv.

The theoreticel chonges in dimensions during » cycle
were much greater then the observed chonges. Thic Lecl

of =greement belbween the twe woeg congicercd chicfly du



to the neglect of ysrn stiffnese in the theoretical
approach.

.43 ~ Homogeneous Strain

The inherent difficulty in the strip test
as it is performed at present is that the strip is not
uniformly stressed and therefore it will be expected
to bresk st a lower total load than it would if the
stress was uniform. The ideal strip test is one in
which the strain in 211 the elements of the princip=l
thread-directions is the ssme. Towsrds this aim of
effecting a homogeneous strein, Weissenberg59 has
suggested the use of trellis grips. The specimen is
gripped =long two lines that represent the directions
of the strain invaerisnt in the sample. The lines of
zero elongation sre found from preliminery trisls. This
is g practical development of the "trellis model" of

60

Chadwick, Shorter ond VWeissenberg who considered the

production of homogeneous strains in other than the
principal thread directions. After thet, Shorter6l’62
has published two pz2pers in one of which he dealt with
the general theory of the eimple form of the treliis

model, snd in the other, with the experiments on the

behaviour of various textile fabrics under the =sction



of simple pulls applied in vsarious cdirections relstive
to the fabric structure.

Kilby®> hes investigeted in plsin woven
febrics the plenar stress-strain relationships of e
simple trellis, in which the elements sre pivoted to-
gether at crossiﬁg points, but do not pass under and
over one anofher. He has shown that these relationships
are identical with those for an anisotropic elastic
lamina which does not Gisplay a Poisson effect when
extended in either warp or weft directions. However,
real fabrics do show the Poisson effect when stretched
in these directions because of crimp interchenge, and it
is suggested that a fabric mey be regarded as being
equivalent to an snisotropic lamina Which shows the
Poisson effect and with two plesmnes of geometry st right
angles to one another.

2.44 = Stress-strain Distribution.

Nosek64 has published a theoretical paper on
stress distribution in 2 fzbric sample. In order to
facilitate the mathematics, he has assumed the cloth
as béing replaced by o thin, extremely flexible pl=ate
of similsr modulus =2nd Poisson ratio, and then derived

the maximum components of thread tension. He has
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published further work(?

in which he has derived the
equations for the coefficient of lateral contrsction
and Poisson's ratio for plzain weave fabrics.

Padfield and Dickinson?6 in a preliminary
study, have established stresses snd strains in an
infinitely long elastic sheet under tension applied
at two rigid pairs o0i sguare jaws. A similar method
is used for the purpose of comparigson for the enslysis
of the stress in a strip tensioned by forces applied o3t
rigid jaws extending across the whole width of the
strip. This work was carried out ss & primery step
in the snalysis of fabric strength measurement but the

results so far obtained are not directly spplicable to

suech strength tests.



CHAPTER 3

EXPERIMENTATL
METHODS




In order to meke a systemstic study of the
effects of changes in structural fesatures of fabrics on
tensile strength, it is necessary first to produce 2 wide
range of fabrics of varied paremeters. All constructions
used were woven on two looms each typical for the class
of material employed, viz. cotton febrics were woven on
a Northrop loom snd nylon on a Ssaurer loom.

3.1 LOOM SPECIFICATION.

3.11 = The Northrop Loom

An sutomatic pirn-changing cotton loom, model

LF/4 was used. The details were as follows:-

Reed space 44,5 inches.

Dobby 20 shaft fine pitch negative.
Box motion 4 box sliding gear.

Picking Cone under pick.

Reed Fast.

Let-off Roper positive type.

Take up Ratchet type.

Weft fork Centre.

Warp stop motion Mechanical.
Temples 9 ring box type (tube mounted

with driven cutter.)



3.12 - The Saurer Loom

An 2utomatic shuttle-chenging silk loom, type

100 W was used. The details were as follows:-

Reed space 41.2 inches.

Dobby 16 shafts positive working dobby.
Box motion 2x1 cem actuated drop box.
Picking Cone under pick. |

Reed Fast.

Let-off Fully automstic positive.

Take up Regulator type positive.

Weft fork Centre.

Warp stop motion Electrical.

Temples Single pin roller (rubber

covered nose.)

3.2 WEAVING CONDITIONS

3.21 - TLoom Timing

The timings were obtained by using a loom
setting indicstor made by Farnworth Engineering Co. 1.td.
The appropriaste asngles for the various events obtzined
with the 2id of the indicstor are presented in Teble I.
Using this desta cyclic timing disgrems were constructed

for esch of the two looms (Figs. 1 and 2.)



Different motions of the looms with reference to

the crajik position:-
o

Fig. 1 The Northrop loom timing diagram.

Fig. 2 The Saurer loom timing diagram.



Table I

Loom Timing Sequence.

Circle lechanism Movement Angle in degrees
Northrop Seurer
A Sley a. Sley fully
motion back. 0 0
b. Sley fully
forwsrd. 180 150
B Top shed a. Top shed comm-
motion encing to move
down. 15 35
b. Top shed
steady. 330 250
C Bottom a. Bottom shed
shed commencing to
motion move up. 60 65
b. Bottom shed
steady. 250 220
D Picking a. Picking stick
(R.H.S.) commences )
movement. 280 215
b. Picking stick
fully extended 330 270
E Picking a. Picking stick
(L.H.S.) commences
movement. 265 225
b. Picking stick
fully extended. 315 270
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3.22 = Toom Drafts

3.221 = Werp
Both the cotton and the nylon warps were

obtained on beam, oand their particulers were as given in

Teble II.
Teble I1
Type of Total no. width on beam Length in
yarn. ~of ends. in inches. yards.
Cotton 2728 39 600
Nylon 3888 40 500

3,222 — Drawing-in
v Both the cotton and the nylon warps were drown-—
in by hand using 16 heald shafts and a straight draft.
The Northrop loom had the slider type twisted wire heslds
and the Ssurer loom had the slider type flat punched
steel healds.
3.223 - Sleying
The cotton warp was then sleyed 2 ends per dent
in a 72's Stockport reed. The nylon warp was sleyed 2
ends per dent in o 106's Stockport reed.

3.23 - Weaving Personnel

It is essential for research purposes to obtain
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samples woven under identical conditions in order to
ensure th-t test veriations are not due to processing
differences. Therefore, it was decided to weave all the
samples personally, even though’it was very time

consuming.

3.3 : MATERIALS

3.31 - Yarn Details

Particulars of all the yerns used are presented
in Tables III and IV.
Table III

Cotton Yarns

Warp Yarn Weft Yarn
Count and type Twist Count and type Twist
(Tep.i) (Tep.i.)
20's cotton count 13.4 (a)
American . 17.5 (b)
2/40's cotton count, 21.0 30's cotbon count 16.4 (o)
mercerised, white, (fold- American 21.9 (d)
Egyptian cotton. ing
twist) 2/40's cotton 21.0 (e)
count, mercerised, (folding
white, Egyptien twist)
cotton.

(seme as warp)
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Table IV
Nylon Yarns

Warp yarn Weft yarn

Count and type Twist Count and type Twist
(Tep.i.) (Tep.i.)

150 den. ,50 fil. PR

205 denier, 34 5 ngv " ' 10 nzn
) fila.ment, Whi'te, " 15 Al

nylon (syncol
sized.) " 5 "g"

205 den.,34 fil. 5 ngzn
(Same as warp)

3.32 - Cloth Specification

The various fabrics differed in weave construct-
ion, weft-sett, weft count, and weft twist. For obvious
reasons all possible permutations were not exhausted =nd
the full range of cloths produced is given in Tables V

and VI,
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Lable V

cotton #Frbrice
( Werp sett: 72 E.P.I. in the reed.)

No. Wesove Weft yarn ‘veft Weft sett
Structure (Cotton twist ’
count) (Tep.i) 32 40 48 56 64 70 S0

1 Plain 20 é;?/
2 " 20

3 " 30

4 " | 30

5 " 2/ 40
6 2/2 twill 20

7 " 20

8 " 30

9 " 30
10 n 2/40
11 1/3 twill 20
12 " 20
13 " 30
14 " 30
15 " 2/40
16 1/7 twill 20
7 o : 20
18 " 30
19 " 30
20 " 2/ 4.0
21  8-end sateen 20
22 " 20
23 " 30
24 " 30
25 n 2/40

EZzzzz \Wioven setts.
[ Not sveilsble - outwith loom csnrcity due 1o
hirh sett.



Toble VI

Nylon Febrics.

(Worp sett: 106 E.P.I. 1in the reed.)

No. Weasve Weft yarn ' Weft setts
Structure (Den./Pil./Twist(T.p.i) 26 32 36 40 4t 56 64

Plain . 150/50/52
" 150/50/10%
" '150/50/15%
" 150/50/58
205/34/52
2/2 twill 150/50/5%
" 150/50/10%
u 150/50/15%
" 150/50/58
| 205/34/5%

O ™ 3 O U~ W N

-
O

BZZz3 Woven setts.

e Vot woven.

Not availeble - outwith loom capecity due to
high sett.



Lo
i

3.4 THSTING TECENIQULES

3.41 - Conditioning and Testing Atmosnhere

A1l yern and faobric semples were conditionec
for at leesst 48 hours at 65 + 1 per cent relative humidity
and =t a temperature of 70 + 2°F before eny of the tegts
were carried out. The testing stmosphere wes similer
to thet in Which the samples were conditioned.

3.42 - Yern Tensile Strength

A stenderd single-thread tesgting mechine m-de
by Jemes H. Heal & Co. Ltd., of Helifex was used. It
wes operated at the rate of traverse of 12 inches per
minute. The test length wes kept constent viz. 12
inches‘throughout ahd 20 specimensbwere tested in eech
cesge. All the specimens were drewn directly from concs
or bobbins in accordance with the usual sempling
techniques prescribed for this type of test. Normsl
precezutions were token to ensure thest the twist wes not
lost in the specimen.

| When the specimen has been mounted, the initicl
reading of the pointer on the extension scele was notec.
Then the lower grin wes set in motion. Upon frilure ol
the gpecimen, the position of the lond pointer on the

apnronriste scale wes resd ond noted. The lond reguircd
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to breek the gpecimen wag =lso suto-recorded. The
lower grip wes then returned to ite initial vosition.
The broken ends of the yarn were removed from the grioss
and the load erm returned to the sterting position.

3.43 - Yarn Frictionasl Charscteristics.

Yarn kinetic friction sgeinst steel was
meagured by using the y=rn kinetic friction tester m~de by
Shirley Institute, together with cone-winder,
transparent calibration scales, recording ink and circul-r
charts of 4 inches diemeter. The ya2rn wss passed =t »
speed of 60 yards per minute over an src of clesn
polished stainless steel, and the steady velue of the
coefficient of friction wass =utotreced on the circuler
peper cherts, by using sn sutogrephic recorder. The

ingtrument has two ranges. In the present experiment

-

the lower range viz. O to 0.6 was used.

The yarn tested was on either cones or ring
bobbins. It should be noted thst before the testing
sequence was commenced, clean and scoured cotton wes
run through with 2 view to remove any traces of gre-ce
from the apparétus 2g this would ultimntely =ffect the
test results obteined. Then for esch test, suificient

length of yo2rn wes run through the instrument until »
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complete closed circle was trzced by the pen.

The eppropriate treonsparent calibration scsle
wes then superimposed on the circles treced by the vpen
to obtain the value of the coefficient of friction.

The suggested accuracy of the results by this
method is 0.0l.

3.44 - Crimp

Tests for werp end weft crimp were carried
out according to B.S. 2863:1957 using the W.I.R.A. crimp
meter. The principle used is to measure the extension
of a thread under a given loasd from the length it
occupies in cloth. The tensions recommended in the
above speéification were srrenged for different specimens.

Ten tests of warp crimp end ten tests of weft
crimp were mede on threads from specimens cut from each
different structure. Each test strip was cut originelily
a little longer then 10 inches in length. However,
when testing actually for crimp, the strips were cut
to 2n exact length of 10 inches anc¢ the warp or weft
thresds were removed one =t 2 time, taking care to see
that the twist did not run out of the yarn. To do thig,
both ends of the thread Weré eased from the strip by »

needle =nd clomped-in and then the rest of the threzd



was removed from the strip.
The mean stretched length of the threads
was calculated from the results of the ten tests.

The percentasge crimp Was‘calculated as follows:

% crimp = Mean thread %gngth (straightened) - 10 X 100

3.45 - Fabric Tensile Strength (stendsrd jaws)

A Denison type T. 42 F PFebrie testing mschine
fitted with standerd jaws wes used. This machine wes
used principsally on account of the high capacity (1200
1lbs. ) which it could provide to cover the full range
of bresking strengths, from low to very high, which

were gnticipated in this work.

This machine can work either with 2 constent
rate of loading or s constant rate of traverse. In tre
present work, the tests were carried out with the conet-
ant rate of traverse primerily in order to ssve time
in view of the lsrge number of specimens to be tested.
Moreover, due to the wide variety of specimens, it wos
more convenient to use this method in order to expedite
the testing procedure since with the C.R.L. system it

would be necessary to pre-determine the rate of incresse

of the load in order to rezch the specified minimum
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bresking lo=ad of the fsbric in one minute.

The standard breaking Jaws could, if required,
be replaced by a variety of fittings, for example jew
holders for webbing tzpes, cord, etc. The distance
between them could also be adjusted. In the present
experiments, the standard jaws were padded with leather.
This was found necessary because in the preliminary
trials, without this precaution, an excessive number of
jew-breaks have occurred.

A permesnent snd sccurate record of the
extension at break of each specimen was made using the
autogrephic recorder in which the horizontsl movement
corresponds to the extension whereas the vertical
movement corresponds to the load spplied.

3.451 Capacity of Machine

The cepacity of this machine can be altered
so that it is 1/2, 1/5, or 1/10th of the meximum
capacity; thus increassing the range of sensitivity ond
acting as four machines of different ranges. This is done
by a simple knob adjustment snd mskes it possible to

avoid the unrelisble bottom 10% of =ny scale.
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3.452 Testing Procedure

The semples cut for testing were 13 inches in
length by 2% inches in width. They were frayed on both
sides so that the centre portion remsining wes 2 inches
wide. It should be noted that 211 the specimens prepered
were as representative of the fabrics as possible.
Weaving defects and other fabric irregularities were
not evoided deliberately. The specimens were cut at
least two inches awey from the selvedge.

A preliminery trisl was carried out in order
to set the gppropriate capacity of the mechine. This
suggested = use of 240 lbs. capscity for cotton specimens
and 600 1lbs. capacity for nylon specimens.

Bach of the frayed out specimens wes clamped
first in the top jaw with its other end loose. The
latterywas then clamped in the bottom jaw such that the
specimen was straight and without any folds. The
distance between the two jaws was arranged st & inches
for 211 the tests.

The constent rete of treverse mechesnism wes
opera%ed ot a2 speed of 4% inches ver minute.

The bresking strength was noted from the di=l.

It should be noted th=at 211 the bresks close to the



Jew were not teken into account. Hive snecimens werec
tested in esch direction for esch of the woven

gtructures.

3.46 - Fabric Tensile Strength (Trellis Jews)

As mentioned in previous chapters the stendrrd
method of tensile strength testing of febric ctrips
suffers from s number of inherent errors which may confuse
the conclusion and anslysis of results especislly with
regard to the effect of various persmeters in respect
of the final bresking load. To simplify the snalysies
it was, therefore, decided to use for gome fobrics the
trellis gystem of gripping on the lines specified in
the British Patent Specification No. 590,639. The
trellis jaws which were specially designed =nd constructed
for this work also required the construction of roller
grips for the preliminery determination of lines of
zero elongetion. Both types of the specisl jows were
adapted for use in the s=zme Denison testing mschine which
was also used for the standard tests described above.

This mschine was only modified in respect of the different
weights of jaws which were involved but otherwise the
conditions, snd the menner of its operation rems~ined

unchenged.
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3.461 - Determinstion of Lines of Zero Zlongation

Before any use cen be mede of trellis jows it
is mnecessary to determine first the =zngle =t which the
fabric must be clamped in order to avoid the "Waiéting“
effect. This angle is determined by the lines of zero
'elongation which were obtainéd by the use of the
"simple pull" technique achieved in conjuction with
roller grips.

The principle underlying the use of roliler
grips is that the specimen is free to assume the state
of strsin corresponding to a simple pull. As is well
known, such freedom is not enjoyed by a specimen
clemped in the standard jaws.

The srrangement used, which wes Iitted to the
Denison testing machine, is illustrated in Fig.3. It
consisted of two.rollers held in the upper end lower
pulling mechenisms of‘the testing machine such that
they were parallel to esch other and elso, the mid-
points of their exis were in line with the direction of
the epplied pull of the machine.

The specimens were pnrepsred in the form of
strips, ¢4 inches in length and 24 inches in wicth.

They were then frayed to 2 inches in width. This wes



necessary in order to ensure thet the cut wee in linc

with the longitudine! thresd. ZLoch specimen wos carefully
freed from wrinkles and folds and a circle of 2 inches
diemeter wes marked with ink in the centre of the
specimen. The two ends of the specimen were then sewn
together to form an endless belt and plsced round the

two cylindricel rollers.

A photographic record was kept of febric
appearance prior to, and after stretching. The
stretching was carried to 2 point just before breaskage
or disintegrstion of fabric.

The 2bove procedure was uéed only for the
first specimen of each type. With the rest of the
specimens of each group, =n 2luminium templste was put
et the beck of the stretched specimen 2nd 2 circle wes
drewn on the specimen such thet the centre of this circle
coincided with the centre of the previous one which by
now has been pulled into en ellipticel shape. This wes
found to be quite adeguate. The common dismeters of the
circle and the ellipse were drawn. These dismeters
denoted the "lines of zero elong=tion".

With this informstion sveilisble, 1t wos now

possible to fix the originsai displecement sngle of the
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trellis jsws such thet neither "wesisting”, nor bowing
would occur during test.

3.462 - Use of Trellis Grips
As referred to previously 60,61,62 in the
review of litersture, there sre two convenient forms
of the trellis Jjews for imposing a simple pull. These

1

are nomely, the psrsileliogr=m grips and the =ngle grips.
In the precent investigestion, the l?tter type of Jaws
were used, =nd these =re illustreted in Figure 4. The
angle jaws consist meinly of two clamping steel bers,
pivoted =t one end with a hinge, =nd whose 2xis of
pivoting is co-linesr with the lines of grip of the
bers. The device includes meangs for adjusting the sngle
between the arms, =nd fixing it 2t 2ny desired value.
The . specimens for the trellis were prepsred
snd their dimensions were not less then 24 inches in
length =nd 2% inches in width. The samples were freyed
to 2 inches in width to ensure thot the longitudinsl
thread of the sample wes in line with the cut of the
specimen. The specimens were then gripped =long the
lines of zero elongation in the treilis jaws. In all
cases, the specimens were tested for simple pulls only

i.e. the orientstion of the werpwey direction was zero.
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In this chepter, it ic intended merely to present
the results of the experimenﬁal work end to wrovide
only such comments as may be necessary to put into
proper focus the genersl trend or sny unusual features
of the verious tests carried out. A full discussion

and interpretation of the results obtained will be

given in the finsl chepters.

4.1 RESULTS OF TLETS O YARNS

4,11 - Tensile Strength and hiongsztion

Since one of the mzin objects of this work
was to investigete the tensile strength properties of
various woven constructions in terms of fabric sssist-
ance ratioé, it becsme imperstive to know and to specify
fully the originsl single end ysrn strengths.

The results of these tests on =1l the yarns
used sre given in Tables VII end VIII., With reference
to cotton yarns (Teble VII), it is interesting to note
the different situstion erising between the 20's =nd the
30's count with regerd to gimilar twist factors snd their
effect on respective yarn s%rengthse In nylon yrrns
(Table VIII), the effect of =n incresse in the twist ie

followed by the decresse in the tensile strength. Lt the
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twist factors used this effect conforms to the generally
accepted pattern.

Table VII

No. Count & Type Twist Breeking C.V. Elongation
(T.p.i) load (%) at bresk
(Ozs.) (%)
1 2/40's cotton count, 21-0 17.76 8.0 4.1

mercerised, white,
Egyptian cotton

2 20's cotton count Am. 13.4 15.5 6.1 6.7

3 n 17.8 14.0 10.8 5.2

4 30's cotton count Am. 16.4 8.5 15.5 4.2

5 " 21.9 10.7 6.2 3.6

Toble VIII
No. Nylon Bresking C.V. Elongetion
Denier/filement/Twist(T.p.i)  load (%) at bresk
‘ (Ozs.) (%)

1 150/50/5%2 25.2 10.0 20. 8
2 150/50/10% 24.9 6.1 22.9
3 150/50/15% 23.6 3.8 | 22.9
4 150/50/58 25.0 8.9 22.0
5 205/34/5% | 35.3 5.0 15.6




4,12 - Yarn Frictional Chsrectericstics

It appesrs from the survey of relevant
literature that frictionsl chsracteristics of yarn
component have been very lergely neglected as s
factor contributing to changes in fabric tensile
properties. It was thought, however, that this factor
could be of some importence, psrticulsrly in connection
with stress redistribution and crimp interchsnge which
ocecur during testing, end therefore friction tests
were cerried out in anticipation as g preliminary
measure.

The results azre given in Tebles IX snd X and
whilst 21l cotton ysrns fall within the same range,

nylon yarns of higher twist show significant differences.

Teble IX
No; Count & Type Twist Coefficient
(T.p.i) of friction
1 2/40's cotton count, merceri- 21 Betw.0.2 & 0.3
sed, white, Egyptian cotton
2 20's cotton count, American 13.4 "
3 " 17.8 "
4 30's cotton count, Americaen 16.4 "
5 u 21.9 "




Toble X

No. Nylon Coefficient

Denier/Filament/Twist(T.p.1) of friction.
1 150/50/5% Betw. 0.4 & 0.5
2 150/50/10% Betw. 0.3 & 0.4
3 150/50/15% N "
4 150/50/58 Betw. 0.4 & 0.5
5 205/34/5% "
4.2 | RESULTS OF THSTS ON FABRICS
4.21 - Crimp

This is an inherent property of woven fasbrics
and Will vary with changes in type of interlacing,
density in tiread setting snc weaving tensions. Since
the origiﬁél crimp value may bear considerably on the
crimp interchange phenomens during tensile strength
tests on fabrics, it was thought necessary to obtain
a full record of this effect for reference purposes.

The results =re tsbulated in Tasbles XI and XII. On
the whole, the warp crimp which is of primary importance
in this work shows a reguler psttern of increases with

the increcses in density of weft spacing and the
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decreases in float length. It reflects, however, any
chenges 1in weaving tension which took plece when high
weft setts were woven in plsin wesve construction. As
there were no corresponding changes in.the Wwarp setts
simil~r pattern could not be established in the weft
crimp. In the nylon fabrics, 2ll of which were woven
with a very high warp sett, the weft crimp is
cheracteristically low. This is shown particularly
well in the case where the hesvier denier was used
for weft in plain wesve construction, the weft lying
almost straight with the warp doing most of the bending.
Changes in weft counts produced considersble
veristion in wesrp crimp, agein in en entirely
expected direction, i.e. increzsged thickness of weft
yarn resulted in an incresse in werp crimp figures.
Veristions in the twist factor of weft yarns
hed less influence on changes in warp yarn crimp
though there was a discernible tendency for the warp
crimp effect to increase with the increase in the
twist fector. This pettern of behsviour was more
merked in the case of nylon yerns =nd the cosrser of
the two cotton oounté used than in the fine cotton

weft yeorns.
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The rate of crimp increasses due t0 chenges
of various paremeters,-was different for different
weave interlacings.

4.22 - FPabric Tensile Strength (Standard Jaws)

The results of fz2bric tensile strength
using the standsrd jaws are given in Tables XIII and
XIV. As is known, the fabric relaxes when it is
removed from the loom, end this may =2ffect the sctusl
sett of the fabric. It was noted in the present
investigetion that in low sett fobrics there was no
difference between the nominal and the actual setts.
This was not the case, however, in high-sett fabrics
where some chenges did tzke plece in certain weaves.
These changes were very small; nevertheless, due
cognisance was teken of them in graphical work =nd
though mein values in the scales are shown at
intervals corresponding to nominal setts the points
were plotted in terms of actual setts. For the sake
of clerity of presentastion only the nominal sett

values are shown in the tables.
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From Table XIII, the following points are

evident regarding the tensile strengths of cotton

fabrics.

8.

d.

In spite of the same number of ends per inch in sl1l
the structures, it is noted thet there is = big
difference between their tensile strengths meessured
in the warp direction. This diffefence amounts to
27% in terms of the minimum figure, the strength
values oscillating between e minimum of 141 1bs and
a maximum of 179 1bs.

The increase or decreasse in warp tensile strength is
not varying strictly sccording to the weft-sett but
appears to fluctuete with e certain degree of
regulerity. The general pattern is of pesks followed
by troughs but their occurence is not perfectly
synchronised for =ll structures.

Moreover, in general, the werp tensile strength of
tight interlacings is higher than that of loose
interleéings though within the group of tightly
interlsced structures (i.e. plain and four-shaft
twills) o frequent reverssl of this situstion tekes
place.

With regerd to tests in the weft-wise direction
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the strength incresses, 2s expected, with =n
increase in the number of picks per inch for =
particular weave structure. The rate of this
increase, however, is not the éame for all
weave strﬁctures, (Figures 5 - 9), As in the
case of warp strips, higher strength is agsin
exhibited by the "tighter" weaves.

Referring to Table XIV, where tensile

strength performance of nylon febrics is summarised,

the following'comments can be made.

Se

In spite of the same number of ends per inch,

the Warﬁ tensile strengths differ considerably -
the minimum recorded strength is 472 1lbs and the
maximum 555 lbé.

At meximum weft setts, the warp tensile strength
falls.

With only one exception, the 2/2 twill structure
has a higher warp tensile strength than the plsin
weave structure.

As expected, the strength of weft strips increeses
with an incresse in the number of picks per inch
for a prrticuler wesve and ysrn structure. The

tivergence in the reote of this incresce 1a not very
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marked between the plain end the 2/2 twill weave,
(FPig. 10 - 14)

e. The structures woven with 205/34/52 yarn as Warb
and weft has a very higher tensile strength'as
compared with other structures, woven with only
205/34/52 as warp. This is evident from figures
15 and 16.

4.23 - Fabric Assistance Ratios (Fig. Nos. 17 - 26)

The fabric assistence ratios for the cotton

and the nylon fazbrics are given in Tebles XV and XVI

respectively.
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The following points are noted in the case

of cotton fabrics from Table XV.

Se

The maximum warp fabric assistance viz. 1.12 was
obtained in 2/2 twill structure and the minimum
viz. 0.88 was obtained in 1/7 twill structure.

At low weft setts the essistance rstio is often
high; this is followed by a drop, then =znother
peak is reached before the final reduction which
invaeriably occurs ot high weft setts. This
pattern is evident in all cases although the
fluctuations do not occur at the same points with
all constructions.

Genersally, the ratios gppeasr to be higher in the
two and four sheft weaves than in the eight shaft
weaves.

From Table XVI, the following trends are

evident.

Se

The fabric assistznce of all the structures is
grester thsn ohe.

The minimum fabric assistence is 1.01 (plain
weave, 205/34/5%, 46 weft sett). The meximum is
1.18 (2/2 twill, 150/50/10%Z, 64 weft-cett).
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The plain weave structures woven with 150/50/5S
have all almost identical assistance ratios,
(Graph No.1),

Considerable increase in the strength and in the
thickness of the transverse thread element does
not appear to have any apprecisble influence

upon the warp assistance ratio.



Roller Grip Specimens

(Bias angle 0 to warp)

Fig. 27-Unstretched Specimens

tilllftPiiilli

Fig. 26-Stretched Specimens



Fig. 29

Lines of Zero Elongation



4.24 - Fabric Tensile Strength (Trellis Jaws)

Figures 27 and 28 show the roller grip
specimens in the initial and the final stages
respectively. Fig. 29 shows the lines of zero
elongation.

Tables XVII and XVIII show: values for the
tensile strengths of fabrics using trellis jaws for
cotton snd nylon fabrics respectively. The results
are noted sgainst nominal setts, in s similar way as
was shown in the Tebleg XIII end XIV, fbr the tensile
testing of faebrics by standerd jaws.

bFrom these two tables, the folloﬁing points
are evident.

'a. The tensile'strengths obtained by trellis method
are higher thean those obtained by standard method,
in the same fabrics. This was noted by other
workers in this field andis in sccordance with
theoretical expectations.

b. Again, the warp tensile strength figures show a

tendency to fell 2t high weft setts. It should be

noted that the warp sett was uniform, in the fszbrics

studied.

c. The weit tensile strength incresceg in proportion



Pabric Tensile Strength (Trellis Jaws) of Cotton Fabrics

Table XVII

63

(Warp yarn: 2/40's cotton count, 21.0 T.p.i.;

Warp sett: 72)

I

|

i

Weft yorn Weft sett \ /2 Twill N
warp Weft Warp weft
|
32 180 100 185 90 \
40 182 121 190 110
20's cotton 48 188 161 193 142
count, 13.4 56 189 1863 195 177
T.p.1i. 64 190 202 200 195
72 185 005 204 220
80 - - 190 240
|
|
Toble XVIII

Fabric Tensile Strength (Trellis Jaws) of Nylon Fsbrics

(Waxrp yern: 205/34/5%Z ,

Werp sett: 106)

Weft yorn Weft sett

warp weft J

26 600 150 |
, 32 605 185
205/34/5% 36 610 197
40 600 220
45 600 270
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with en increase in the weft-sett, (Fig. 30 and 31),
The warp tenmsile strength for the 2/2 twill structure
in cotton fabrics is higher than in the corresponding
plain weave structure. This is not the case when the
results of weft tensile strengths are studied. The
weft tensile strengths for the plain weave structures
are higher than the corresponding 2/2 twill

structures.
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4.25 - Fabric Assistance Ratios (Trellis Jaws)

The warp =2nd weft fabric assistence ratios

for the cotton and nylon fabrics are shown in Tables

XIX and XX. The warp feobric assistances are plotted

against picks per inch in Figs. 32 and 33.

The following points are noted from these

tables.

Qe

The warp essistance ratio is higher in nylon
fabric than in the two cotton constructions.

The warp febric assistance is greater for 2/2
twill then the corresponding plain weave, in
cotton fabrics, (Fig. 32),

The weft fabric assistance in both, the cotton
and the nylon fsbrics increases with an increase
in weft sett up to an optimum point whereupon it
starts declining. The optimum point is reached
earlier with short float weaves than with the
longer float weave.

In 211 the cases studied by trellis method the

ratio is inverisbly greater than 1
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Pobric Assistsnce Rotios (Trellis Method) of Cotton Fobric

Toble XIX

(Worp yern:

2/40's cotton count, 21.9 T.p.i.;

Warp sett: 72)

Weft Yorn Weft sett Plasin 2/2 Twill
Warp Weft Warp weft
. 32 1.13 1.60 1.15 1.44
40 1.14 1.57 1.18 1.43
20's cotton = 48 1.16 1.77 1.20 1.56
count,13.4 56 1.17 1.64 1,22 1.59
T.p.i. 64 1.18 1.62  1.25 1.56
' 72 1.16 1.58 1.29 1.54
80 - - 1.18 1.56

Table XX

Fabrics Assistance Ratios

(Trellis Method) of Nylon Fsbric

J

(Werp yorn: 205/34/52 , Warp sett: 106) J

Weft yarn Weft sett Plagin

warp weft

26 1.28 1.30

32 1.29 1.31

205/34/5% 36 1.30 1.24

40 1.28 1.25

48 1.28 1.27
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5.1 RELATIONS BLTWoslN FrBRIC PARAMETIRS AND F2BRIC

TENSILE STRENGIH USING STANDARD STRIP SYSTEM OF

TESTING
5,11 -~ Ikffect of Crimp

As already commented upon tne results
tsbulated in Tebles XI and XII show that warp crimp
characteristics follow the generally accepted pattern
i.e. 1increases in weft yzrn dismeter and in the
density of weft spacing increscse the warp crimp whilst
incre=zses in float length decresse the werp crimp
value. This is shown grsphicelly in Fig. 34.

With regsrd to the effect of twist on the
crimp it could be observed thst in coarser yarné
(20's cotton) an increase in the number of turns per
inch in the weft y=rn produced 2z significent reduction
of crimp in the werp direction due, presumsbly, to
reduction in weft yarn dismeter. In finer ysrns
(30's cotton, 150 denier nylon) this trend wes not
apparenf suggesting thet in these cases reduction of
yarn dismeter did not occur or, if it did, its
magnitude wog insufficient to sffect the result.

it is interesting to note thet =n incresse

it the muiver ol bturne oy iancn in tho welt resulted




inveriasbly in the incresse in weft crimp. This is
explained by the fact that the higher twist mskes

the yarn "more springy" and =2lso increases the tension
as the yarn unwinds from the pirn in the shuttle the
two factors combined sugmenting the relsxation power
of the weft yern and, thus, resulting in higher crimp
values.

In nylon yerns which hesve considersbly
higher elastic recovery factor, weft crimps are
distinctly higher with longer flost wesves than in
plain weeve. This is probzbly due to thé fact that
in the 2/2 twill the werp being less tightly packed
- 1s more accommodating to relexation pressure exerted
by the weft.

No direct relstion has been found between
the crimp values and the tensile strength performsnce
of cotton febrics. This is not to say thet it does
not exist but in this work any chenges in crimp have
been acéomp?nied by eimultsneous chonges in other
feetors which heve inevitebly mosked the effect of the
crimp itself, 1In order to resoive this positively it
would be mnecesgary to construct 2 serieg of fehricse

1 1l NA

identicel in 211 regncets excent Tor the crimo f-cvor
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which would have to be deliberstely controlled.
| One point, however,’has been noticed which
mesy be attributed to crimp value in connection with
nylon semples where the effect may be simpler to
evaluate.sihoe there is no interference from fibre
slippsge which existe in cotton yerns. The effect
can be iéolated into two sepearste channels in the
following monner:-—
0. Compsrison between the plain snd the 2/2 twill
weaves, =nd
b. Compsrison of effect of the three different twist
factors within =ny wes=sve grouping.

In the case of (g) it is quite cleer thet
warp tensile strength of 2/2 twill fabrics exceeds
thet of plein fosbrices in identicel settings. From
Teble XIT it is equally obvious thet weft crimps
in the ssme conditions sre higher for the 2/2 twill
than thpy are for the plain weave. The worp strength
figures sppe-r, therefore, 1o cepend on weft crimp.
This csssgsumption seems to be cquite 2 ressonsble one
gince during streching which occurs bebtween the jaws,

)

the longitudinal yeorn comnmonentse con gtr-ishten out

more reodily when grecter longth of the Tr-unsverse
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component is available for the purpose of crimp.inter4
change. Also, the "necking" will be reduced and this
straighteniﬁg out process will proceed further before
the transverse yarns commence to jam, resulting in
truer tensile strain. In the case in which smaller
length of transverse yarn is available the "jamming"
will occur sooner preventing the longitudinal component
from straightening out and thus introducing a shearing
strain element which will tend to reduce the tensile

strength value. Admittedly, the tighter interlacing

00
N

o Longitudinal component straight-

tensile strain.

Longitudinal component unsble to
gstraighten out-tensile strain and

shearing effect.

Fig. 35 INFLUENCE OF CRIMP ON TENSILE
STRENGTH IN CONTINUOUS FILAMENT
FABRICS.
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of the plain weave, combined with higher worp crimp
will also contribute to this effect.

This interference of weave and
longitudinal crimp difference is not present, however,
when considering the second ins%ance (b), where
comparisons are made between three 2/2 twill structures
which differ from one another only in the twist factors
of the weft y=srns. From Table XII it can be noted thst
warp crimps in these three groups of fabrics do not
differ significantly but weft crimp values show
considerable differences between the 5 T.P.I. weft and
the other two, viz, the 10 T.P.I. and the 15 T.P.I.
From Fig.36 it can be seen that as the weft crimp
increases so does the werp strength. The rate of the
strength incressey however, is different at wvarious
weft setts. Considering now the situsation in general
it will be posgsible to deduce that the effect of weft
crimp will be modified by the amount of warp crimp
present'in the fabric and that best conditions for
straightening out of the warp yarn will be obtained
when warp crimp is low and weft crimp high. Therefore,
other points being equal, warp strength should increase

with the incresse of the weft to warp crimp ratio.
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This point is proved by Fig.37 where four different

weft setts esre shown. This relationship is not equally

clear in all cases but it occurs sufficiently often to
be aécepted as evidence corroborsting the =above
assumptions.

One proviso must be made before leaving this
topic, namely, thet the reletionship outlined 2bove
ig lisblie to increocge the g reﬁgth valiue in continﬁous
filament ysrns only and the possibility exists thet
where yerns zre composed of short fibres the streighf+
ening ouf of the longitudinal comvponent will result
in exactly the opposite effect, i.e. reduction in
strength due to.fibre slippage.

With reference to Fig. 34 which shows the

dependance of warp crimp on weft sett end count +the

curve for plain wesve constructed with 20's cotton weft
shows a decline a2t high weft setts. This is due entirely

to the feet thot in order to construct these very compoct

fabrics (64 P.P.I. and 72 P.P.I. resnectively) it wes
necegsary to increese the tension on the warn. Where
it wes not nececssery to interfere with the weighting

of the wers the crimn velucs show = che~dy increrce

with the incre-ce in the nunder oi »icks Her inch.

\
\
\
\
\
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Del?2 = Liffect of the Legree of Ywist in Yarns
()

Since yarn twist affects the strength and
dimensional charscteristics of ysrns it must slso be
recognised as s major faqtor contributing to the
tensile strength of = fzbric.

In fibre yarns a2n increase in the number of
turns per inch for eny given count will le=d to en
increase of etrength up to = certain optimum twist
value, nemely, that which is necessary to practically
eliminste fibre slippsge. For higher twists then the
optimum, %he gtrength decreases beczuse of the torsio-
nal stress on the fibres. In continuous filement
verns this is reached very eerly but in cotton yarns
the optimum twist velue oscilletes sbout the twist
factor of 4.5Yct depending primerily on dimensional
characteristics of the fibre. In the present investi-
gation these trends sre fully reflected =2nd heve
already been commented upon.

Chenges in yzrn strength due to twist
veristions effect feobric stréngths in =n expected
menner where Isbric ic tested in the same direction og

the y-rns concerned. This i1s refliccted by 21l the welt
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Conformity with varietions in weft yrrn strengths.
Changes in the twist factor of weft y=rms do not,
however, affect the werp strip tests directly, but
indirectl& the effect of these changes moy be
consider=ble since they =re =21lmost inverisbly
accompanied by chenges in crimp rotios =nd these
influence the febric strength values to sn spprecisble

extent 28 s2lresdy shown in the previous section.

513 —~ Lffect of the Direction of Twict in Yerns

This study could only be made in the case of
two nylon congtructions where feobrics were woven with
exactly icenticel porticulers excent, thst in one
instence weft with "2" twist, 2nd in the other with
ngn twiest, were used. The Wéf@ verns in sll cases
had the "Z" direction of twist. From the results in
Teble XIV it =zppears thot there is no significant
difference between strengths of weft fobric strins
which is expected in view of their single yearn strengths.
In the warp direction, however, nigher sivrengths sre
registered with "S" on "Z" combinstion then in the
cege in which both yorms hove "Z" twist. Thie ig thought

o

to be due v»rimerily to the Ifeoct thet when both elemente
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2t interlescing »ointe will tend to "bed" better since
the twiet in both elements will run perellei. When
opposite twisgst directions sre used the tendency of
the two sets of yerns-at interlacing points will be
to "ride" one on top of enother thereby providing
greater oprnortunity for the individusl components

to move freely as no single filsment entmnglements
are possible between the werp end the weft yerns.
Since, as alreédy pointed out in the case of crimp
factor, in febrics composed of filament ysrns this
freedom to: straighten out is essentisl in order that
the fabric achieves its full strength value, higher
strength figures sre obtained. It must not be over-
looked, howevér, that in febrics composed of fibre
yarns the sbove rels tion mey be reversed ss higher
frictional property in such fobrics mey mitigete
ageinst loss of strengt: due to fibre slippage.

5.14 - ffect of Single Yern Strength snd Elongation

Any incresses in the strength of eingle
components in the longitudiﬁs; direction is immedintely
reflected in the increscse of gtrength in the strip.
This increese, though modified by verious Irctors such

e criwy, Tuielt e LLO0ST LCNETL, 18 e 01 DLY




proportional to the increase in the strength of single
yarns.

However, any strength increases in the
single transverse components do not appear to have the
slightest effect on strip strength. On the other
hsnd, the elongstion of transverse components is of
considerable importsnce and together with crimp will
affect the strength figures of the strip appreciably.
This ig perticulerly obvious in nylon fabrics where
high elongation at bresk of transverse element tends
to increase the strip strength due to an effect
already explained in connection with the crimp of
transverse threads. In fibre yarns the same clesr
comparison cannot be drawn msinly due to the fact
that elongation at bresk represents a very unrelisble
value where distinction between true elastic effect
and fibre slippage is not clesar.

5.15 = ffect of Loom Abrasion

In the fabric, warp yerns must be considered
2s more likely to heve experienced strains and sbrassive
wear then the weft becsuse of the nsture of the wesving
process itself end the prepesrestory operstions. Thus,

werp ond welt yorn from the ssme source mnay show o




disperity in specific tensile strength in the same
fabric. The evidence of this could best be
illustreted by studying the warp and weft tensile
strengths of 2 square-gett fabric having the same
type of yesrn in warp snd weft. In the present
investigation, this could be achieved by studying

the tensile strenéths of cotton f2brics woven by
using 2/40's cotton count as werp end weft, in

72 x 72 sett. In all these structures, the weft
fabric strength is greater than the werp fabric
strength, and this confirms the view that the warp
inevitably suffers a loss of strength due entirely
to strains of processing. An interesting
speculation arises as to the extent of this loss
under verying conditions. Studying Fig. 38 it
becomes clear that the greatest dispesrity in strength
figures occurs in plain weave and the least in 8-end
sateen. This is & situation which could have been
predicfed congidering thet with the some or very
similer rate of progress of the werp through the
loom the loss of strength will depend on the frequency
of menipulation =nd increased frictional contact due

to rubbing. The results confirm this prediction




though in the case of 1/7 twill the disparity seems
greater than the nature of the weave would warrant.
This effect may be due to very rapid reduction of
crimp as between the four shaft and the eight shaft
weaves. An interesting point srises on comparison
of warp strength figures of the 1/7 twill and the
eight sheoft sateen. The higher strength of ssteen
may be sscribed tc¢ lower friction since in this
weave adjacent ends sre not raised or lowered on
successive picks of weft. |

To what extent these differences, which
oscillafe between 0.5% and 10%, =2re due to processing
strains as opposed to changes in crimp characteristics
of both, the warp and weft is a matter for conjucture,
- but further proof could be obtained by careful
dissection of the construction after weaving and
evaluation of single ysrn strengths in both directions.
This, however, woull require a separate investigation
in itself.

On the whole, theré seems to be no doubt
thet this is o factor to be seriously considered
especiglly when compering the effect of higher weft

:

sett on the strength of wern., It would be reasonsble
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to assume that between,say, 72 weft sett snd 32
weft sett the warp strength will deteriorste by

the value corresponding to the difference, i.e. in
the case cited, 40 rubs of the reed and an equal
numbef of rubs by the heslds and the adjscent yarmns.

5.16 - Effect of Density of Yarn Spacing

Theoretically, an increase in the warp
and weft sett should improve the fsbric tensile
strength because of improved fibre binding. However,
this is not always the case as pointed out by Peirce}
He has mentioned that if the longitudinsl threads
are very closely set, it mey be impossible to remove
all their crimp.because, before this occurs the
crossing threads will have jommed.

The problem dependent on the factor of yarn
spacing must be‘considered from two different view
points:

a. &ffect of chasnges in longitudinal sett.
b. Effect of changes in tranmerse sett.

The former wvoint presents no difficulty
until the situation described by Peirce is reached.
In normél circgmstances any increase in the number

of longitudinal components wiil increzce the strip




strength. This is chown by Figs. 6 - 15 which sre
relating to changes in weft sett ageinst weft strip
strength. A linear relationship is established
though it can be observed that the ratio of the
increase is not the same for all weaves.

The latter effecﬁ is considerably more
difficult to anslyse and must be approached in s
different menner when dealing with fibre ysrn fabrics
as opposed to filament ysrn fabrics.

In filsment ysrn fasbrics =n increase in
transverse sett should heove very little influence on
the stréngth of the strip as long as the longitudinsl
component is capable of straightening out to such an
extent that the shear element is of no practical
importance. Normally such circumstences do not arise
and chenges in the density of transverse thread setting
will heve considerable bearing mainly due to changes
in the crimp factor of both the longitudinal and the
transverse components - a3 point already described
earlier.,

In fibre y=rn fabrics en sltogether different
situetion will srise because of the presence of another

foctor in the form of fibre slipprge. Thisg festure,
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speaking in terms of tensile strength effect, is ot
odds with the shearing effect, i.e. in order to srrest
the tendency of fibres to slip the greatest possible
number of transverse &arns should be introduced, but,
in order to reduce the considergble effect of
shearing the fewest number of transverse ysrns should
be empioyed. Obviously, a compromise situetion will
be achieved at some points. From the results in
Figs. 17 =2nd 21, it appears thet the point at which
aﬂy_tendency towerds fibre slippage would be arrested,
is achieved very early even with the comparativély
short fibre yarn such as cotton. The exact position
of this voint will vary depending on the fibre length
and regularity,‘on turns per inch and the float
length in the construction. In most cases this has
been reached with the lowest transverse sett of 32
picks per inch snd the exceptions in the form of long
floated weaves rather seem to confirm the sbove
assumption. Indeed, with short flosted weaves, this
point may hrve been reached before and even the high
velue at 32 picks per inch may represent s decline
compered with, say, 24 or 20 picks »er inch. The

decline from the high value mentioned =bove msy,




therefore, represent the effect of shearing over-
riding the sdvantage of any further asrrestment of
fibre slippage. This theory explains the original
peak value followed by a trough but it does not
cover the fact thet, perticularly in tight wesves,
the tendency is for the strength value to recover
before final decline. This recovery msy be due to
the situstion observed by Peirce snd mentioned
earlier, namely, thet with high transverse sett
crimp interchange will be arrested early during the
test due to “jamming" and this will reduce the
"Waist"reffect thus bringing greater number of the
longitudinal threads to bear the stresin simultan—
eously. The final decline occurs due to increased
shearing strain =t even higher transverse setts
when no further longitudinal elements can be brought
to assist.

5.17 -~ Effect of Weave Structure

From Tebles XIII 2nd XIV it is evident that
the order of thread interlaéing h=g coneidereble
effect on tensile strength of fabrics. Some diffi-
culty arises in co-relsting the weeve with the tensile

strength oi Irbric beceuege 1T 1g not ecgy to exnracgco




the term "weave" in quantitative terms. From the
review of the literature on the subject it zppears
that some zuthorities refer to "an average flost
length" irrespective of the order of lifting*and the
order of alignment of werp and weft. Thus, they
tend to reduce, e.g. 4/4 twill, 1/7 twill and 8-
shaft‘sateen to exsctly identical group by regerding
each of the above es heving an sversge float length
of four. This type of simplification does not
appesr to be useful and may be grossly misleading
gas it gives sn impression that like structures are
compared whilst this is fsr from truth. The better
method zsppears to be thaet suggested by Taylor37
nsmely, to cléssify fabrics according to the length
of fleat between plain intersections. This could
be extended by specifying, for instance, the length
of maximum flozt between minimum floast etc. Some
further distinction would have to be applied to
differentiste between, say, 1/7 twill snd H-shaft
sateen which otherwise would be grouped together.
Congidering nylon fzbricg which were woven
with high warp setl, ucing plain ond 2/2 twill wenver,
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differ significoantly between the two constructions

at equal conditions. This point was already mentioned
when discussing the crimp factor and appearé to be depen-
dent on the combinstion of crimp with the weave effect
in so much as in the plein weave there is low longitu-
dingl crimp, high trensverse crimp and less freedom

for crimp interchange whilst in the 2/2 twill the
situation is opposite, i.e. there is high longitudinsl
crimp, low trensverse crimp but grester freedom for
crimp interchsnge. This fector of freedom for crimp
interchange eppears to egqualise sdequately the un-
favourable arrangement of the other two crimp factors
in the twill as 6pposed to the plain cloth. A different
situation arises in the case of warp strip strength.
There the twill cloths show superior strength results
and the above srgument applies in reverse, i.e. more
favoursble retio of crimps (longitudinsl: transverse)
exists in the twill than in the plein weaves; further,
the weeve factor (or crimp interchange factor) operates
adversely ageoinst the plain wesve, hence lower strength
of plain weave strips in the warp direction. It is
significant that the differences diverge more in higher

tronsverse setts confirming the =bove views.




In cotton fsbrics the effects of weave
were lergely summgrised in the’discussion of the
effect of the density of spacing. On the whole,
the shorter the f£loat length the higher the
strength due to superior fibre binding. This was
perticularly evident in the case of weft strips
where singles ysrns were used. In the werp strips
the situation was frequently reversed due to inter-
ference factor arising out of chenges in the density
of spacing in trensverse yzrns. The same argument
applies here as that advanced in the previous
section and Figs. 5 to 26 corroborate the views

expressed earlier.
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5.1¢ = PFPsbric Assigstznce Retios

The term febric assistance ratio has come
into prominence to designeste the difference between
the direct yarn strength and the resultent fabric
strength. This ratio is the outcome of = complex
set of factors and, therefore, it is obvious thst
it mey change irregulsrly s=sccording to the changes
in the structural geometry of the fsbric. The ratio
will depend upon the way in which the mean single
thread is expressed and the various workers have
expressed this in one of the following weys:-

a. The mean strength of single thresds tested
individually.

b. The mean strengt: of single threads, tested in
groups of sgpproximstely the same number ss in
the tést sample.

c. In the case of 2 warp or a weft, the mean strength
of groups of thresds which have been given
processing stfains Viz., by treefing 28 8 Werp
or = weft in the sbsence oif the other.

rresent investigetions the fobric

In the :
cseistance ratio hes been ceiculsted sccording to the
firet metned vizg. by teoming intce cccount the -varooo

fii Le=thre~d strengzth.
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Thus the fabric sssistence rs=tio

Fabric strength

Average single-thread strength X no. of
longitudinal threads in the specimen

The correctness of this method =s opposed to the
other two could be =zrgued but it represents =
convenient epprosch which h=s been used by sufficient
number of workers in t-is field to offer compsrisons.
The verious form factors z2ffecting the strength
performence of woven‘fabrios h=ve been slready |
seperately discussed under sundry hesdings in the
preceding sections. It will now be aporecisted that
some 0% these fsctors will improve, others will
depreciste the strength values. It hes 2lso been
shown thst = complete reversal of the role of any

one foctor is slso li=ble to tzke place if conditions
under which it operstes change sufficiently. In view
of this complex interplsy ol a number of varisbles it
is not surprising to nole thset the sssistence retio
msy in some csses be negetive, i.e. less then unity,
in other instsnces positive, i.e. more then unity.

I the poorer the »neriosrm-nce

It ig goncra.ly rcce~tec Toot i
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greater will be the influence of fabric assistence.
In continuous filament ysrns where there is no

fibre slippage the value of this element should be
neglible, it should 2lso be insignificant when two
fold yerns form the longitudinsl components. These
two premises were put to test by considering wsrp
strip assistence ratios where the =2bove two\conditions
applied for both the nYlon and the cotton warps.

In both ceses the value of assistence was investi-
gated through a range of chenges in trensverse thread
setts and in ysarn counts.

In nylon cloths the ratio seems to average
about 1.10 oscillating slightly depending on crimp
values of both the longitudinal znd the transverse
yarn components - s point mentioned esrlier. Greater
degree of assistence exists in twill then in plain
weave fabrics. This was accounted for in previous
sections by unfevoursble crimp reletionship snd
introdﬁctibn df shesring streins. Considering the
value of =scistonce in this type of frbric it is
surprisihg to note thet it ie vositive throughout
the series oi chenges. drom esrlier nostulates it

wisoht cooncse Thel et vocuw e o would Do optoined 4w




2 bsnd of thresds were tésted without incorporsting
any transverse élement. This, however, is only
paritially true since in a band of threads the weak
ones would reduce the overall value and further, some
ends, depending dn their originel tension wvalue,
would not psrticipste at 2ll for certain periods of
time during stretching. The veiue of assistznce,
therefore, eppears to depend on the possibility

of enlisting the support of transverse elements to
take the strain or to bind the wesk noints thus
ensuring more uniform distribution of stress over the
lergest possible number of longitudinal ysrn
components.

Similer remerks could be epplied to weft
assistance retios in nylon fabrics which gre, on-the
whole, slightly lower then the warp ratios averaging
about 1.00. It is noticed thst where the weit ratio
is negstive, i.e. below unity, this is due to adverse
crimn releatiomnshin. In the cecege in which the waro
21 the weft sre identicsl in denier very little
Cifference existe between the two rotios cxcent in
plein wesve where ogein there is = congider=ble

s
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With regerd to sgsiet-nce r»ctio of cotton

N

warp strips, these, as mentioned esrlier consisted
of two fold yarns, end the low average of =bout 1.00
is in keeping with esrlier stipuletions. The
influence of the trensverse sett is 2pverent snd
higher retios =re obteined with wesves composed of
shorter flosts.

From Teble XV referring to weft sssistance
~retio it is seen thet the sssumptions msde earlier
are quite correct. Ysrns which =re wesk se éingle
units obtgin e very considersble degree of assistoance
from the interi=cing in the form of =dditionel
binding snd gsupport which meteriesily reduces fibre
slippsge. As would be expected grester support 1is
obtzined with tighter weaves. This is nstursl since
in s trensverse sett of 72 used throughout, plesin
wesve will give 36 binding points wer inch, whilst
8+shaft sateen will provide only 9. Incresced sett
of Loﬁgitu@im:ﬁ éomQOﬂents Droduces °n imrovementd
in segicstrnce retio until very high setts =re resoched
which cruse = dropn in the roftio cue to torsional ond
sheering eifecets nullifying the incresced binding

’ S e
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riceg in connecticn with the twist Isctor of the

2)
two singles'yarns. The gssistance ratios for the
low twist yerns sre higher than for the high twist
yerns. This again confirms the view that greaster
interlacing nssistence will be inverisbly obtsined
with camponehts showing poorer strength character-
istics prior to weeving. The weft assistence ratio
in the case of two fold yeornes is very simiisr to the
warp ratio of the seme yarns and sny discrevnancies

arising are due to different crimp fectors in the

two directions.
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STRENGTH T=STS USING STANDARD JAYS AND TRELLIS

JAWS

521 — Tensile Strength Vaolues

As glresdy oObserved tensile strength

olues obteined with the trellis Jjew excéed con-
sidersbly the velues in stenderd jaw tests using
identical specimens. A further very importsnt
obsgervation can be m=sde with regsrd to patterh of
behaviour of the longitudine!l element when sett
changes =sre m=de in the tronsverse component, namely,
vthat in the stendsrd jow tensile test the strength
value will fluctuste “twice with fibre yarn febrics
but using the treilis jew only one pesk is sppnsrent.
In the former technique, it has been postulsted,
thet the first strength pesk occurs when zl1l fibre
slipprge hes been eliminsted; the second, when
additional longitudinal components =are brought in
to beer the etr-in both declines beings due to
ghe-rine effcect. In the Ilotlter method cue to the
homogeneous stroin <11 longitucdinel components =re
involved frowm the beginning -~nd, therefore, 2 single
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siippoge, 1sg followed by e single decline, showing
en aréa in which the shesring effect predominstes
over any further asrrestment of fibre slippege. 1In
this respect the reéults obtained with the trellis
Jew zppesr to confirm fully the theory =dvsenced
eerlier to explsin the eprerentliy unruly behaviour
of curves showing the strength/tresnsverse sett
relationship using ordinsry Jjaws.

In continuous filsment fsbrics where the

factor of fibre slipprge does not exist the strengths

obtained with the trellis jew follow the seme psttern

as those of the stendard jaw except thet the values
are considerably higher snd more even distribution
of stress improves the performence considerebly at
high trensverse getts =and shesgring stress influence

is levelled out.

Congidering the respective levels of strength

values between ordinsry =nd trellis Jjews 1t appesrs

thet ensurine th-t =211 longitwiincl elements besr

’

the stroin is worth between 10% - 15% more in cotton

frbrice, whilst the bonus in nylon f»brice seems to

oscillste botwean 15% sand ¢0%. The hicher oodin in

o Loy s el e arowc by o cne Lo oohe e v hoaanh




the more elestic meterial the Poisson ratio is
greater in the originel system of testing, therefore,
complete elimingtion of the waisting will produce
greater benefit.

For eese of comparison the results =re
shown pictorislly in Figs. 39 and 40.

5.22 = Fabric Assicstance Veglues

The growth of strength values is sccompanied
by en eqgusl growth in Ifsbric assistance ratios. The
ratios shown in Tsbles XV end XVI for one method,
and Tebles XIX snd XX for the other, emphasise agaih
the detrimental value of Poisson effect encountered
in 211 standerd strip tensile strength tests. This
is shown by comparing in turn fhe warp essistance
ratio sgainst weft retio in cotton fsbrics and warp
essistonce ratios between the cotton and the nylon
febrics. In the former comperison high gein in the
werp direction reflects correctly the high FPoisson

1

effect in exictr-nce during the gt nd-rd teg

te in

% direction ne opcred to low solseon eritcet in

the weft ddireetion (Jue o wrrs strength ond Lih wero

setlt) where only slight differences exist in




treilis method of test. In the latter comparison

the high Poisson effect of nylon febrics show high
g2ins when employing trellis jaw snd the much lower
"weisting® of cotton fabrices is indicated by lower

geins.




GONCLUSIONS
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CLITCIUBIONS

o
1

The main difficulty encountered in this
work was connected with the large number of
verisbles and their mutusl, complicsted relationships.
This is a problem enccuntered in most fields of
technological research and though it is felt that
artificial simplifications zre futile in helping to
assess the situstion, it is considered that s series
of less comprehensive studies with higher degree
of concentration on single paremeters might be more
fruitful in providing the herd fects needed for
systematic analysis.

Relations Between Form Factors and Tengile Strength

Different conditions epply to continuous
filsment febrics as opposed to fabrics composed from
yerns consisting of short fibres. In a filsment yarn
fabrics the crimp fector, ond particularly the ratio
of crimp in the longitudinal end transverse cdmponentsh
will ﬁave considerable bearing on strength values.

Due to sn element of shesr, incresse in érimp, or

gtabilisation of crimp, will reduce the tensile

strength. This observation is corroborated by Bouvet's

work on rryon fobrics.

41
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The shear effect is also presént in fibre
yern fgbrics but it is more confused there due to
conflicting influence exercised by the fibre slippage
factor.

The twist factor is of importesnce mainly
because it affects yarn strength emd crimp - it does
not appesar to have an intrinsic effect on strength and
it seems fhat many workers tend to ascribe to it
greater influence in this direction than is wasrranted.

Categorical stotements concerning the value
of the number of interlscings wit: reference te both
the weave and the sett cannot be made without serious
qualifications. The value of the short interliscing
considered by some to heve a predominent role in
improved strength performence has been over estimeted
by a number of workers mainly due to the fact thet
they do not eppear to have gone far enough to have
felt the over-riding influence of the shearing effect
at meximum setts. It is admitted, of course, that
under conditions favoursble to itself a "tight! weave
or sett will give higher rendings then 2 loose one.
“he nssuﬁjtions moce thet higher £-bric

accistonce rotio i obl=inced with Low aurlity yorne




is .fully corroborsted snd, in fibre ysrn fsbrics, the
significance of frequent interlacing is, in this
connection, acknowledged.

Comparisons Between the Stendard snd the Trellis Jaw

Technigues of Testing

The reducing fsctor produced by the well
known effect of “"weisting" in ordinsry tensile tests
is fully exposed by compsring the results of this
method with the homogeneous gitrain introduced with
the hinged trellis jasw. This fa2ctor =ppesrs to
operaté perticulsrly =dversely in febries which
e&hibit high Poisson rztio. This is thought to be
due to the fzct thet under such conditions
comparstively few longitudinsi members of the ssmple
besr the strsin simultsneously.

" In gpite of the undoubted superiority of
the trellis model it ig thought that invoived
technisues concerned with the determinstion of lines
of zero elongstion =nd highbwastqge of f=2bric
segocisted with thic mwethod will mitizete =zg2inzt its
geners 1 =zdoption. It will remein, however, = useful
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