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The first part of this research is concerned
with the standardisation of a test method to determine
the resilience of fibres. The influence of both time
and maximum pressure is studied and the loading and
unloading cycle is standardised to measure resilience
with three maximum pressures (0oOl» 0.10 and 1loO poSoie)
in the minimum timoo The effects of specimen prepara-
tion and specimen dimensions (areas and thicknesses) and
also the effects of presser foot area and shapes (plane
or hemispherical compressing surface) on measured
resilience are investigated.

The second part of this work is devoted to
investigating those intrinsic fibre properties which may
affect resilience. Six fibre properties, namely# staple
length# diameter (denier)# crimp characteristics (ioe.
percent crimp# uncrimping force# uncrimping energy)#
inter-fibre*«Xriction# tensile elastic recovery and
initial mod”uB are studied. Cringp has the highest
influence on resilience whereas fibre friction and
diameter indicate comparatively less effect. The staple
length shows no significant correlation with resilience
and both elastic recovery and initial modulus are also
not correlated with resilience” These investigations
were carried out on Aorilan# Terylene# and Tricel fibre.



The poeslbility of «xpreBoing the tblcimeao-
preesure relatlonabip by an equation la coneidcred-*
The results fit an exponential equation of the forms
T * a where T “ is thicknesB of the speclmenp P '
is pressure and and ''b' are constants.

The effect of both humidity and temperature
on the resilience of fibres is investigated”® The
resilience decreases as the relative humidity increases
On the other hand there is an increase in resilience
with the increase in temperature. Comparison is made
between Aorilan# Texylenc and Trloel fibres.

The influence of surface properties (ioe>
amount of finish) of Aorilan are studied in relation

to the resilience of fibres.
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ABSTRACT

The first part of this research is
concerned with the standsrdisation of a test method
to determine the resilience of fibres. The influ-
ence of both time and maximum pressure is studied
and the loading and unloading cycle is standerdised
to measure resilience with three maximum pressures
(0.01, 0,10 and 1.0 p.s.i.) in the minimum time,
The effects of specimen preperation and specimen
dimensions (areas end thicknesses) and also the
effects of presser foot aress and shapes (plane
or hemispherical compressing surface) on measured
resilience are investigated.

The second part of this work is
devoted to investigating those intrinsic fibre
properties which may affect resilience. Six fibre
properties, namely, staple length, diameter (denier),
crimp cheracteristics (i,e. percent crimp,
uncrimping force, uncrimping energy), inter-fibre
friction, tensile elastic recovery and initial
modulus sre studied. Crimp hes the highest
influence on resilience whereas fibre friction and
diameter indicete comparatively less effect. The
staple length shows no significant correlation with
resilience and both elastic recovery and initial
modulus are elso not correlated with resilience.
These investigations were csrried out on Acrilan,
Terylene, and Tricel fibre.

The possibility of expressing the
thickness-pressure relationship by an equation 1is
considered, The results fit an exponential



equation of the form: T = a Pb, where 'T' is
thickness of the specimen, 'P!' is pressure and 'a'
and 'b' are constants.

The effect of both humidity and
temperature on the resilience of fibres is
investigated, The resilience decreases as the
relative humidity increases., On the other hend
there is an increase in resilience with the increase
in temperature. Comparison is made between
Acrilan, Terylene and Tricel fibres.

The influence of surface properties
(i.e. amount of finish) of Acrilen ams studied in
relation to the resilience of fibres.
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CHAPTER I

INTRODUCTION AND REVIEW OF LITERATURE

I. GENERAL INTRODUCTION
L.l Introduction

The physical properties of man-made
fibres are very important for theilr particular end-use,
and although these properties largely depend on the
chemical nature of the material, nevertheless, these
can te modified to a consideratle extent during
manufacturing. Resilience is one of such properties
and is used to determine the usefulnesg of a fitre
mass for bulk purposes (i.e. as fibrefill) and in
various obther textile applications, e.g. retention of
shape, drape, wrinkle resistance, hand, bulk, perfor-
mance of pile in carpets etc,

A number of workers in the past have
attempbed to design an apparatus for the measurement
of bulk—~resilience and also to study the resilience
of a fibre mass in relation to fibre properties.

There is, however, no general agreement existing among
these workers and their results rather seem to depend

on the techniques and experimental conditions employed,
It appears then, the important factors which are
egssential in a resilient fibre mass are not fully known
or understood. The main-aim of -the work described din. this
thesisg is to find out what are these faetors. It is prop-
osed to proceed along the following lines:

(1) to standardise a test method for measuring
resilience of fibres in bulk and to investigate the
effect of varying experimental conditions, and (2)

to determine precisely which intrinsic fibre properties
are related to the resilience of fibre mass.



The methods of measurcment of resilience
can be divided into two main cabtegories:

(1) Methods in which the material is deformed according
to a fixcd pre—~determined compression ratio.

(2) WMebthods based on maximum pressure, that is, when
the material is compressed to a fixed pressurc.

The standardisation of the tesgt for
resilience of a fibre. mass was.concerned with the selec-
tion of an effective method of test.c. In addition it
18 necessary to evaluate the effect of specimen pre-
paration, area and thickness of specimen and size and
shape of presser: footu. In the coursc of the present
work, a Shirlewahickness Gauge 1s used since it
simulates the end-use conditions of fibre-fill,
experiments are carried oubt on specimens of different
arcas, thicknesses, and also with the presser: feet
of differcnt sizes and shapas.

In an attempt to characterise the
resilience in relation to thc easily accessible fibre
properties, it is neccssary to investigate the fibre
properties which affect the resilience. It is
belicved from the present knowledge that the following
fibre properties may be important and they are studied
in relation to the resilience of a fibre mass.

(1) Staple length and diamcter of a fibre,

(2) Crimp characteristics of a fibre.

(3) TFibre friction.

(4) FElastic modulus and rccovery from deformation,

The fibrces may be hydrophilic and the
moisture in a fibre not only depends on the humidity
of the atmogsphere but it also depends on the
temperature. The mechanical propcrties of such
fibres are affected by both relative hunidity and
temperature, and thercfore, the rcsilicence of fibre
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mass is studied in relation to these two paramecters.
Relative humidities of 45%, 65% and 85%, and tempoeratures
of 2000? 30°C and 10°C were chosen for bthe expariment s,
gince these cover the most likely conditions which can
te ecxpected from the cend-use consgiderations of the
fibrefill.

It is a matter of common experience that
the finish or any other lubricant on the fibre modifices
the surface propertics, depcending upon the amount of
finish, nature of the material, ctc, This secems to
play an important part as rezards the behaviour of o
fibre mass both in comprcssion and recovery. Therefore,
the cffect of surface finish on Acrilan is studicd from
the resilicnce point of view.

It is noticed that most workers have used
an Instron tester in conjunction with a compression
unit for resilicnce mecasurcment, so it is thought to
make some resilicence tests (cf. Appendix) with a similar
type of cquipment and sce whethor it is possible to getb
the same ranking of fibres as is obtained from a
Shirlcy Thickness Gauge from thc resilicnce point of
View . Also testing fibres for their resilicnce on an
Instron will greatly rcduce the time involved in such
experiments,

Resilience of fibres is a complex property,
depending upon many factors. It is thercfore appro-
priate to give its definition and conception, and also
the factors which are involved in it, Furthcr a brief
survey of literaturc is given to provide a background
for the discussion and understanding of the subject.

L.2 Definition and Conception of Resilience

Resilience has teen defined in different
ways by diffcrent workcrs, the most important of which
are given in the following text,



Dillonl hags examined various definitions
and terms which have appcared in relation to resilience
of single fibresg, fibrcs in bulk and fabrics. He
concluded that a ressonsble expression for rcsilience iss

R = Snergy of retraction
nergy of deformation

bearing in mind that the deformation may be tensile,

compressional, shcar, or a complex combination of various
types of strains.

Mark2 discussed rogilience rather from a
practical point of view and stated that if a given fibre
is to be classificed as rousilient, such a bunch of
irregular fibrcs should perform as follows:

(1) It must offer a cecrbain moderate
resistance o comprcssion. If bhis resistance is too
Biabll the material is “limp®; 1f it is too fawga the
fibre is "harsh® or “gtiff,

(2) It has to sprinz back vigorously and
rapidly upon rclaxation, even 1f it has becen kopt under
compression for a considerable time, If the recovery
is only slow the fibre giil be classificd as unresililent.

3

amount of strain cnergy present in a stressed gsystem,

Hamburger defined resilience as the
Smith’ defined resilicnce as the ability
to absorb work without suffering permanent deformation.,
Winson6 considered resilience to be
inversely related to the area of the compression-
decompression loop after the eighth cycle.
Robinson7 defined three resilicnces as
followss
(a) "Positive resilicncy™ - upward movement of fibre
after releasc of compressive load.



(b) "Negative resiliency” - maximum compression of
fibres below point of rest.

(¢) "Total resiliency® -~ sum of positive and negative
resiliences.

ReesS defined resilience of fibres in
bulk ags the amount of energy returned by the material
between the given limits of pressure, since the
compressional behaviour of fibre mass is highly
dependent on the pregssure to which it is subjected.
For a perfectly elagtic material the resilience would
be 100 percent, while for a perfectly plastic material
it would te zero.

2,10 have discussed

Dillon and coworkers
the dynamic regilience as applied to rubber-like

materials, which is defined ass

—e TW
Rd = e ! L/s

where w ig the natural radian frequency,
b i1s a factor proportional to the "internal friction',
and s 1s the “"gtiffness"™ of the material. The dynamic
resilience, Rd, may be measured as the ratio of
successive damped sinusoidal amplitudes in free
vitrations, from the ratio of rebound height to height
of fall in an impsact test, or calculated from the
resonance amplitude and frequency of a forced vibration
Test,

kuch of the confusion is removed if it
is recognised that the resilience has two aspects,
namely (1) type, and (ii) extent. Hach of these
aspects has its own complex factors and although
neither one can be measured entirely independently
of the other, the two should be regarded as separate
entities.



The type of resilience is sgeparable into
two factors, each of which is complex and measurable
by various means. One of these factors is stififness
or stress per unit strain. The other factor is
change of stiffness with elongation and with time.

This effect is well described by the term “‘diminishing

modulus*, since the change is usually towards lower
stlifness.

The extent of regilience is characterised

bty the ability of a body or a substance to recover

from deformation and can ke measured by either (i) the

ratio of the work recovered to the work absorbed by
the deformed material, or (ii) the ratio of strain

recovered to The strain imposed. In considering this

aspect, the time element and the environment must
always Le gpecified Tecause both factors play an
important role in the extent of recovery.

Hoffmanll has discussed the concept of
resilience and concludes that resiliency (Resiliency
is used in referring to a subsbtance such as glass,
cotton, wool, etc. and resilience is used when
referring to an entity, e.g. wool fibre, a mass of
fibtres, a fabric) may be defined as a stress-strain-
time property of a material, characterising the
degree of completeness of recovery from deformation
and varying in kind with the modulus of elasticity
and the rate of recovery. He proposed that the
resiliency of different materials could best be
compared by constructing a three dimensional model
Yo represent the Type of resiliency with modulus as
ordinates and time factor as abscissae; the extent
or degree of resiliency is measured by the vertical
heizht above the plane with coordinates describing



the type of resiliency.

It appears from the present broad
knowledge of resilience of fibres that the following
factors are particularly important as rezards the
resilience of fibtres, and These are now discussed.
1.5 Pactors in Resilience
1.2l The Chemical Nature of the Fitre:

Tt is well known that all natural protein
fibtres possess high resilience, e.g. all kinds of
native wools are very resilient. The common structure
of these materials is that they congsist of a very long
and flexible backtone chain molecules of tThe form:

o ¢
I >
NMH L [ i
N N N T~ Fa V4
\\ ) “ . | ~ . - | TP
N N Vi o ~ I .
~ N N N N
| C MK [ C
5 |l ) |
! Ry

in which there is a frequent repetition of the
carboxylamide group - CONH - in such a way that only
one substituted methylene — CHR -~ separates two -
CONH - zroups. The methylene groups of the chain
carry various (up to 20) substituents, Rq, Ro, 35
etc, which in turn contain groups of various chemical
nature and polarity (OH, NH,, COOH, SOBH, NH, S-S etc.).
The variety and the regular arranzements of the
substituents along the chains provide for a
considerable degree of interaction between them,
ranging from weak van der Vaals attraction to such
stronz bonds as hydrozen bridges, ionic forces and
even covalent cross linkslg.

There exist other fibres with ~ CONH -~
groups in the btacktone chain, viz., nylon and native
silk: Although they both exceed keratin fitres



considerably in strength, they do not exhibit the
high resilience of keratin fitres tecause, as pointed
out by MarkE? neither of them possescses the many
different sutstituents of keratins.

The copolymers of vinyl chloride with
other vinyl derivafiés (vinyons) also possess a backbone
chain of congiderable internal flexibility, in this
respect are not too digsimilar to protein chains, and
therefore, these fitres may possess comparatively high
resiliency. However, thq}r substituents such as Cl,
QOH, acetate, are very different in chemical nature
from the substituents which are distributed along a
protein chain. Nevertheless, they apparently provide
for a certain degree of mutual attraction which 1s
partly due to weak polar bonds, partly to stronger
ones, and partly to hydrogen rtonds. The statistical
distribution of substituents, however, prevents
crystallisation and provides for The rubbery nature
of these fibres.

Cellulose, on the other hand, 1is a
material which does not easily give resilient fibres.
This may te due to the comparative stiffness of the
chains, which is probably due to the presence of large
numbers of strongly acting hydroxyl groups. This
probability seems Go be true because acetate fibres
are more resilient compared with viscose or cotbton.
The interaction between the chains in the case of
acebate is smaller than viscose (cellulose) and
moisture does not plasticise the acetylated cellulose
as much as it does the unacetylated.

Thus, it 1s pretty clear that the fibre
must possess: (&) a fairly strong

R O I A U
interaction Ttetween the adjacent chains and (k) a
long and flexible backbone chain, in order to be more



resilient,
1,32 Molecular Structure:

A1l fitres, natural or synthetic, consist
of arrays (molecular chains or segments) with different
degrees of order. In order to understand its effect

on resilience it is worthwhile to consider the
following two extreme cages,

One extreme case is the disordered
(amorphous, glassy) state in which the segments of the
polymer chains are arranged completely at random and
comply only with the conditions of dense packing; cage
unstretched rubber, in most synthetic elastomers,
vinyon, and commercial cellulose acetate. Mabterials
which are completely or preponderantly in this state
are either rubbery or glassy (viscous liguids). The
other extreme is the crystalline (highly ordered)
state, for example, hizhly oriented cellulose (Fortisan
fibre), nylon, Saran, polyethylene ctc., However, all
these substances do contain a small amount of dis—
ordered state, Therefore, it is evident that the
fibres are a mixture of both ordered and disordered
state, the relative proportion of which is important
for the mechanical properties particularly for
resilience.

It seems, therefore, that not only the
chemical nature of the material, but also the arrange-
ment of the molecules in the substance debtermine its
resilience and obther mechanical propertiesla”l6‘ In
general, one can expect a very stiff and strong fibre
from a highly crystalline material when all the
crystals are oriented parallel to the fibre axis.

On the other hand, when a large proportion of the
material is in the disordered state (amorphous) then
the fibres would be cextensible and soft.
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Mark2 states that fibres, plastics and
rubbers are not intrinsically different materials;
they are only different combinations of three
fundamental states in which organic high polymers
can appear., These are the crystalline solid state
with long~range molecular order and high modulus of
elasticity, the rubbery state with short-range
molccular order but long-range entanglemcent and low
modulus of elasticity, and the liguid (molbten) stabe
with short-range molecular order and high viscosity.
Frequently the temperature of the material debtermines
its state, e.g. vulcanised rubber which is flexible
and resilient at room temperature can be made hard
and unyielding if the temperature is sufficiently
reduced.

With textile fibres it is desirable
that the liguid state should be restricted to localised
regions within the fibre, that is, to the movement of
segments of chain moleculcs and not to the movement of
whole molecules relative to each other,

There cxists a multitude of systems,
starting with extreme fibre properties and ending with
extreme rubber qualities and the balance must be seb
up in the proper way in order to combine strength with
resilience. A filament having a highly crystalline
skin and a rubbery core will be legs desirable than
one having a highly crystalline and oricented core and
a rubbery (amorphous) skin.

It appears that one can expoect a
resilient fibre from a polymer of high Degree of
Polymerisation (D,P.) which has flexible backbone
chains and consists of substituents of various chemical
nature., These chains must be brought into a highly
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ordered . state, partly into a rutbery state, and this
phase must be properly distributed across the cross—
section of the filament.

1.35 Creep and Stress Relaxabion:

It has been generally recognised that
the creep and stress relaxation properties of Tfibres
are related to resilience, since resilience is an
expression of elastic reversibility. Secondary creep,
of course, is a measure of irreversibility; and
primary creep is a function of delayed elasticity.
Leadermanl7 related creep functions to resilience of
fibres, using the classical hliaxwell concept. Iyring

and coworkersla_aB

, also, considered resilience in
relation to creep and stress relaxation, They

employed the following hyperbolic sine relationships

a1 ~ AF —«f
1 - s - - Kle' - e )
a.jc__.. poe K sinh «f - 2 casan (l)

which is derived from the activation rate theory of

flow with the assumption of a symmetrical potential
barrier, In this eguation ll ig the strain of a
dashpot subjected to a force fl, and 4 and K are
constants for a given rate of deformation dl/dt of
the fibre as a whole. They congidered a simple
"three-element model" (see Figure la), which consists
of a laxwell element (spring of stiffness k, and
dashpot with “flow indices’ & and p) in parallel with
an open spring of stiffness kz. The index B is
defined as:

po= /K

so that equation (1) becomes
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.
J

e T

dl _
dt

a1 et
_a__(e e )

G vees (2)

The above relationship (equation 2) was
found to give excellent agreement between theory and
experiment for the hysteresis loops obtained with
several types of fibres, using proper values of the
indices <« and . Also, it was found possible to
predict accurately the creep and relaxation curves,
from the same equation,

The asgumption of a gymmetrical
potential barrier appears too simple for some fibres,
notably wool, and a symmetry coefficient, s , must
be introduced to gives

G ORXT em2(l—#)Af)
2 vens (3)

Initial slope of the extension curve
(Figure 1b) is then given by the sum of the stiffness
of the two gprings of the model (kl + k,) and the
final slope by the stiffness k2 of the open spring.

=L dl
I T 5 a6

X

Hence the resilience index is defined as
ko

RY = S
k:l o 1(2

which is the fraction of tThe resisting force which
urges the stretched fibre back to its initial
unstretched condition. Halsey and Eyring24, however,
have pointed out that the symmetry coefficient, ¢ ,
may be a more suitable parameter as a measure of
resilience.,
1,54 DMNodulus of Flasticity:

The type of regsilience may be measured

by determining the stiffness, which is defined as
stress per unit strain. This definition applies



1%.

equally well to Young's modulus when measured either
in stretching or bending, to the torsional modulus or
to the bulk modulus. The time cffect, of course, is
an important parameter in these experiments.

It is immediately evident that the
fibre mass in compression undergoes bending and perhaps
it wdq&ﬁ be more correct to measure stress-gtrain-time
relationship in bending. In the case of elastic
modulus, however, the usual practice has been bto measure
it in a tensile test and to assume that the same value
holds good to a first approximation for the specimen
in bending. Beste and Hoffman29 found the ratio of
bending to tensile modulus to be 86% + 14% for a
synthetic polyamide and 113% + 12% for polycthylene
Terephthalate. These above limits arce average
deviations. Khayatt and Ohamberlain30 obtaincd values
for the bending modulus of several animal hairs which
ranged from 44% to 80% of the modulus as measured in
Tension. Therefore 1t scems reasonable to assume
that the tensilc modulus is a sufficiently good
indication of bending stiffness which is an important
parameter to charactcerise resilience. However, in
order to cstablish the precisc effcct of modulus on
reasilience, it may e necessary to obtain Young's
modulus in bending.

1.35 THlastic Recovery:

The extent of resilience 1is characterised

11,29

by elastic recovery . which is defined as the ratio

of the recoverpakble deformation to the total deformas

tion.51952
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The recovery of fibres from deformation
may be made in different ways - namely, in tension,
in torsion, and in bending, In a tensile test, the
sample ig elongated and then allowed to retract,
These tests can be carried out either s—

(1) with controlled rate of clongation, or (ii) with
controlled rate of loading. Similarly, it is
possible to measure torsional or bending rcecovery,
Compression test on a mass of fibre involves the
measurecment of bending recovery. Howsver, it is
believed that tensile elastic recovery results
compare very well indeed with those of bending
recovery resultsgg.

Kaswell55 has discussed the dependence
of resilience of fibres on thelr elastic recovery,
and concluded that tThere secms to exist a lincar
correlation between them.

1.356 Fibre Lengths

It is evident that a ccerfain minimum
length of fibtre is necessary in order to make usc
of it as a fibrefill or in other textile applications.
Fibres only a few millimetres long would be uscless
even i1f each one is highly rcsilient because such a
bunch of fibres would collapse upon compression.
Also a very long fibre (6 inches or more) is
undesirable since it would cause sufficiently high
degree of entanglement and can considerably affect
recovery properties of an irrcgular bunch of fibres.
It is therefors necessary to find out what convenient
length of fibre yields good results from the
resilience point of view.
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l.37 Diameter of Fibres

The diamcter of fibre is of grecat
importance in characterising the resilience of a
fibre-mass. The compression of the bunch of fibres
lecads, in gcneral, to a btending of the individual
Tibreg within the reversible limit and results in a
storage of the compression cnergy in the bent fibres
or filaments. The bending resistance of cylindrical
rods 1s proportional To the fourth power of the radius,
and a gilven mass of coarsc fibres will theroforc
offer more resistance Go compression and oxhiblit more
tendency to return to the original state, Than tThe
samc mass of finer fibres. A large diameter,
however, conflicts with so many othcer propoertics such
as softness, hand, lustrec, ctc.
1.58 Form of Pibrec:

The form of the fibrus (whether straight
or crimpced) is an important roguirement for their
textile and other applications, bocausce 1t detorminces
Tthe capacity of fibres to cohoerce under light pressurces,
which in turn helps the processing on card and various

.
other machinesqL’45.

Further, crimp imports bulk
which is esscential, particularly on products such as
fibrefill and knitting yarns, cbc.

Crimp is not a simple property Go
charactcerisac, In broad scnsc, crimp may bc defincd
as the wavincess of a fibre. It may be measurced in
terms of cither the number of crimps or waves per unit
length, or in the pcrcentage incrcasc in the extoent of
the fibre on removal of crimp. Ale:x::-l:m.cfier‘_gjgm_gs_\,_l_’?)LL
hag discussed the definition and other parameters
associated with crimp. However, these geometrical

specifications (e.z., the number of waves per unit



length and percentage crimp), disregard imporbtant
properties such as crimp elasticity and performance
under normal textile processing. Various kinds of
apparatus have been designed to measure crimp by
various workerso? 2,

In man-made fibreg, the crimp is
usually imposed:~ (1) by mechanical means (e.g. in
the stuffer box), and so it largely depends on the
mechanical properties of the material, and (2) by
introducing into the fibre, at the extrusion or
drawing stage, a differential stress which is subse-
quently released by webt or heat treatment to produce
a permanent crimp46. The chemlcal method of
crimping fibres has also been developed47.

In most synthetic fibres, crimp is
permanently built into their structure; +Cthis means
that the crimp is rebained for long periods. In
the case of regenerated fibres, however, crimp is not
so permanent and a substantial amount of 1t may
disappear during processing or manufacturing, etc,
The elasticity of the crimped form may also vary
considerably. In woolg the crimp is highly
elastic, as 1t is also in synthetic fibres, in which
the applied axial deformations are properly set by
suitable heat treatments.

It is also obvious that The crimp in
a fibre is required to control the bulk of a fibre
assembly. Whether or not crimp has any great effect

16.

on resilience is a question which needs investigabtion.

Demiruren and Burnqu, however, concluded that crimp
does play an important role in the compression
behaviour of wool fibres.,
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1.9 TFibre Friction:

Interfibtre friction influencesthe
tehaviour of fibre in a fibre assembly, yarn and fabric.
For example, resistance to compression, recovery from
compression, dimensional stalbility, etc., all depend
on interfibre friction. It seems reasonable o assume
that resilience of fibres may perhaps be affected by
fibre~to-fibre friction to a considerable extent.

The frictional effect of The material
can be measured in a number of ways. In most cases,
the coefficient of friction over a single point-contact
is measured to depict the friction. The coefficient
of friction, m , is defined as follows:-

iy

/‘"’:1\7

where F = frictional force, N = normal
load.,

This relationship does not hold true,
in case of fibres. However, it is assumed to apply
in most cases to a first approximation. The most

o - - 40
successful relation has been observed by Lincoln ),

50

and Howell and lazur””; which is as follows:i-

F = aN%
where a and n are congbtantse.
Various workers have designed and
developed different apparabtus, employing different

principles 51’52’55’54.
The frictional ceffect is changed if the
surface is lubricated, For example, in case of

acetate yarn with more than 1% of oil applied, the
frictional force increases both as the o0il content is

increased and as the viscosity of the oil increases.
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However, fibres from which all traces of lubricant
have been removed show high values of friction.

25

whereas scoured cotton on steel gave = 0.70, and

Moss obtained # = 0.25 for raw cotton on sbteel,
lubricatcd scoured cotton on steel gave values of
= 0,14 to 0.35. A similar effcect was observed
by King56 on wool fibres,

The friction usually increases as the
moisture regain of the fibre is increased. Changes
of coefficient of friction with the variations in
regain for nylon on nylon, wool on horn has been
investigated by Klng56

lsany theories of friction have been
proposed in the past. The most recent and widely
accepted one seems to be Tthat of Bowden et a157
They havse shown that an actual welding or union of
the two surfaces at a point of real contact takes
place, and the frictional force is due to the
breaking of thesc Jjunctions.

1.4 hffect of Humidity

Fibres absorb moisture from the
surrounding atmospherc, The absorption changes the
properties of fibreg; it causes swelling which
alters the dimensions of the fibre and this in turn
will cause changes in the size, shape, stiffness of

58

are altered too, so affecting

the material. The mechanical properties and

56

the behaviour of fibres in bulk compression, in

frictional properties

processing, and in various other uses. The

L
electrical properties’9’6o are also changed, e.g.

static charge 1s much less 1likely to occur in damp

oonditions6l.
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Beste and Hoffman29 have observed that
the tensile elastic recovery of fibres depend upon
humidity. It is, however, not fully known how far
hunidity affects resilience of fibre mass.

1.5 Iffect of Temperature

The effect of Gemperature on most
materials is rather simple, that is, the material
expands gradually up to a certain temperature and
then it melts into a liquid as the temperature is
raised. In case of fibres, however, the behaviour
is complex. At high temperatures fibres may contract
instead of expanding, which may be reversitle.
Generally fibres do not indicabe a sharp melting
point, either they soften over a wide range of
temperatures (in synthetic fibres) or decompose
before melting, as is the case in most nabtural and
regenerated cellulose fibres. At lower temperatures
other important changes occur such as variation in

. 62,65 ;
percentage regain 7’ 9, and therefore mechanical

properti6564’65’66, frictional effects569 electrical
properties67’68etc. are all temperature dependent.
Changes in these properties due to variation in
temperature seem to affect the resilicence of fibres.
Although a considerable amount of work has been
carried out to investigate the effect of Temperature
on single fibre tensile behaviour, this is not so
for fibre masscs. Undoubtedly, it scems certain
that the fibre interaction would be an important

factor in such caseg,
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2. RKREVIEW OF LITwRATURE

Over many years, a number of workers
have bteen engaged in the evaluatlion of mechanical
properties of fibres. lwost of these researches were
concerned with the study of inherent fibre properties.
In fact very little has Leen published about the .
regilience of fibres in relation to their more easily
accessible and simple properties such as elastic
modulus, clastic recovery, creep, stress-reclaxation,
crimp, friction, etc. However, in order to provide
background for the discusgion and understanding of
the subjeot, a brief survey of literature is given.

2.1l lMeagurement of Resilience and Compressional
Behaviour of Fibre magg:

Attempts have bteen made to design and

develop a reliable and reproducikble test method which
would give resultg that can characterise the resilience
of textile materials,

Winson5 measured the resilience of a
volume of wool fibres by enclosing it in a thin
spherical rubber membranec and submitting it to the
mechanical action of the surrounding atmosphere whose
pressure can be made to vary in a cyclic manner, He
stated that the arca of the loop (shape of compression—
decompression curve) relating the pressure and volume
of the mass of wool scems to serve as a measure of
the resilience,

The comprcssomeber — an ingtrument for
evaluating the thickness, compressibility, and
compressional resilience of textile and similar
materials, was devecloped by Bchiefer69. This
apparatus consists of a 1 inch diamc¢ter, circular
pressegr. foot, which can be lowered or raised by means
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of a rack and pinion acting through a helical spring.
The pressure applied to the specimen by the foob
is indicated on a dial micrometer and the correspon-
ding thickness of the sgspecimen on a second dial
micrometer. Schiefer used a pressure range of 0.1
to 2.0 1ls. per square inch for the evaluabtion of
compregsibility and cowmpressional resilience,

5aX17O deviged an instrument to
measure the load-compression characteristics of
fibres, This apparatus consists of a three arm
balance o support a beaker on the platform, a
cylinder, and a plunger, An accecsory vertical
support carries a rack and pinion which controls
the wovement of a plunger. The descent of which
into the beaker is measured by means of graduations
on the vertical support. The plunger can be
lowered into the beaker containing a weighed sample
and its depression recorded, At the same time, the
balance is brought to equilibrium and the weight
necesgary to do this 1s also recorded. The plot of
these two observations gives a load-compression
curve. The loading rate in this instrument obviously
is not continuous and it is necessary to control the
relaxation time carefully between the successive
loadings. This can be done cither by applying
load in successive equal steps with a known
relaxation period and brinzing the balance into
equilibrium by adjusting the plunger, or by adopting
the alternative method of equal increments of plunger
travel and a variable loading.

A dynamic test to measure resilience
was developed by Robinson?; In this test a series
of plant fibre masses were repeatedly compressed in
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a cylinder by means of a piston which could be raised
and lowered rapidly by means of =z motor-driven disc
which acted in the mamner of a cam against a lever
commected to the piston throuzh a chain.

/L

for the measurement of resilicnce and other

Fox and Schwarsz devised an apparatus
compressional characteristics of fibreg and fabrics.
Their Test consisgts of:~ (1) calitrated plunger of
precisely threaded steel shaft, (2) weighting lever,
and (3) a low power telescope with a cross wirc.

There is a graduated dial of 250 Jdivisions fitted at
the top of the plunger and one division on this dial
represents a plunger travel of 0,001l inch, Attachcod
to the other end of this plunger is an interchanzeable
presser foobt with an area of cither 1 or 2 sguare
inches. The welzhting lever is provided with two
knife edges, a tablce for the sample beinz tested and
the counterbalancing welght. The tatlc for the sample
has two cnzraved circles cut on its surfacc posscssing
areas corresponding to the prcsscr feet on the end of
the plunger. A chainowmatic system of loading is
employed on the welizhting lcver, The counterbalancing
weight can be used to talance the weight of the

gample after it has bceen placed on ths table for
testing; The low power telescopce with a cross—wire
was used to establish a zero-rcading for all
otscrvations.

The pressure on the sample may be
applied bty adding to thcé length of chain acting on
the weighting lover arn. The lever should be kept
in balance during any chanze in load by turning down
on the plunzer to compensate for the presscr foot
penetration into the sawple, The dilference in



the plunger setting represents penetrations of the
foot inteo the samplc. These recadinzgs with their
respective loadinzg values zive a load versus
penetration plot. The cycle can Lte reversed when
the maximum load has bteen reached so that the
rcecovery of the sample can te mecasuraed at the
successively decreasinz loads. From the curves of
Load agzainst penctration and recovery, the resilicnc
can te computed.

e

Bdelman studicd the filling power of
feathers by three diffcrcent methods, viz. (1)
Inclined-plane compressometer, (2) Box-method, (3)
Hydrostatic method.

The Inclined-planc compressometer
(Bcott I P 2 Model Serigraph) employcd a maximum
pressurce of 0.22 pound per square inch on a sample
of 0.04 pound enclosed in a cylinder. In case of
the Box method and Hydrostatic mcthod, the sizes of
samples and the pressurcs used are 2 and 1 pound,
and 0.0006 and O.l14 pound per squarc inch respec—
tively. Of the taoree methods, Edelman concluded
that the Box method ig the best becausc it utilised
a low pressure and much morc is kxnown about the
filling power if mcasurcd at low prcssures, sincce
all the different grades of feathers approached
asymptotically the same minimum £illing power ab
high prcessurcs. It follows that the most rcliakle
evaluation of filling powsr should be obtained at
the lowgst test pressurc and that 1ittlc is to be
gained by the use of higher valucs of compression.

Reos75’8

thickness gauge for textilc materials. This

devecloped a scnsitive

instrument can be used to mcasurc: (1) over-all

e



specific volume, (2) compressibility, and (3)
resilience of fibrous maberials under a desired
pressure. The gauge consists of a presser foot
of 10 sqg. inch area and employs a pressure range
of 0.001 to 1.0 pounds per square inch. The
apparatus possesses the advantages that the volume
of the fibre mass may be measured directly under
extremely low pressures and that errors due to
friction Letween the fibres and the wall of The
containing vessel are eliminated,

Skinkle’" described the cylinder and
plunger method for measuring the resilience of wool
as follows: A 500 7 sample of fibre is placed in a
brass cylinder 7/ inches in diamebter. A plunger is
used to compress the sample and the compressed depth
is meagured Ly a vernlier. The pressure is applied
by an inverted Jack, and the apparatus is connected
to a platform scale to read the load. The
resilience may be measured by the area of the
hysteresis loop.

Finch75 described an instrument to
study the compressional characteristics of textile
materials, It is composed of a compression
mechanism and a control-recording unit. The
compression chamber consists of a presser foot,
the motion of which is controlled by a synchronous
electric motor driving through a pair of reversing
magnetic clutches. The rate at which the foot
travels is controlled by change gears, which may be
varied for a wide range of rates (0.01, 0.02, 0.05,

24.



v.10, 0.20, 0.50, and 1.0 inch per minute) Therec
is a dial gauge which reads to the nearest thousandth
of an inch, the amount of penectration of the presser
foot into the sample.: The direction of travel of
the foot ig controlled by magnetic clutches. The
load on the sample ig measured by a scnsitive
resistance-wire strain gauge cantilever load cell.
Finch75 employed a high-specd, sensitive,
rectilinear, electronic recorder in conjunction with
the strain gauges in an amplified and rectified A.C.
Wheatstones bridge. Further, he obtainced
characteristic response curves under compression,
for a variety of materials and illustrated the many
ways in which the instrument may Te used.
An apparatus to measurc the compressional
stress-relaxation behaviour of textile materials at
a constant compression was developed by Finoh76.
In this instrument, he used a sensitive resistance-
wire strain gauge cantilcever wcighbar and smployed
a deflection galvanomecter in conjunction with the
strain gauges in a D,C. Wheatstones bridge.
Compression is applied instantaneously to the
specimen and the semilog rabte of stress relaxabtion
is determined as a charactceristic paramctzsr of the
tehaviour of the material.

Yal4

for Cthelir experiments.

deliaCarty and Duscniury

78

They developed an apparatus which is used in

cmployed the
Instron Tengile Tester

conjunction with the Instron tester and consists of
a compressing piston with an attached weight that is
suspended by appropriatce linkages from the load cell,
During the test, the cross-hcad is lifted to compress
a specimen and the compressive load i1s nmeasured by
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the amount of unloading that occurs during the test
of the assembly suspended from the load cell. The
specimen being tested is placed on a plate mounted on
the cross-head. Fok and Finzel79 suggested an
improved piston cup assembly to be used for
compression testing in conjunction with Instron
tester.

VeithSO, Terasaki g§“§;81 used Instron
tensile tester to measure the thickness of fibrc mass
under various pressures and evaluated different
parameters to characterise the compressional
behaviour of the material,

An instrument covering prcessures of
0.25 to 12 1b. per square inch and measuring tvhe
Thickness of pile fatrics during compression-recovery
82,85_ Tt

consists essentially of a loading shaft fitted with

cycle is described by Anderson and Clegsg

a clrcular presser foot, a dial zauje, and a shaft

to prevent undue forceg from being transmitted to the
speciien. They also described a dynamic loading
machine to assess the compressional characteristics
of a carpet during wear.

Henno and Jouhet84 developed an
instrument for measuring the resilience of nile
fabrics. This apparatus operates with an accuracy
of 0.0l m.m., under a controlled pressure which can
Lbe varied from 1 to 100 g/om2 (or 0.014 to 1.41 p.s.i.).

Beste and Hoffman29 attempted to
measure the resilience of single filbres by determining
tensile stress~strain curves at constant rate of
extension. In order Gto obtain typce of resilicnce
from these curves they calculated the modulus of
the linear part of the curve and the changc of
modulus with cexbtension and with time, by calculating
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the average rate of change of compliance between 5%
and 1l0% extension. This quantity they called the
“‘compliance ratio* and computed it as

(lO/flO - 5/f5)/5 where fX is the stress at x%
extension. In case the fibre breaks below 10%
extension the compliance ratio was computed between
5% and the treaking extension. For breaking
extensions less than 5% the compliance ratio was
taken as zero since the stress—strain curve was
nearly linear, The extent or degree of resilience
was calculated, both as tensile elastic recovery and
work recovery from constant extensions. Since the
time factor is an important element in such experiment,
and usually dealt with in an arbtitrary way, so in
this case Beste and Hoffman employed a constant rate
of extension of 1% per minute, the specimen was held
for 30 seconds at the maximum extension tefore it was
allowed to retract. They calculated the extent of
resilience both as (i) the ratio of the strain
recovered to the strain imposed, and (ii) the rabtio
of the work recovered to the work absorbed by the
deformed material,

2.2 Properties of Fibre Assembly

Several workers have attempted to
characterise the behaviour of fibre assemblies
(fibre mass, yarns and fabrics). A brief description
of these researches is given.

Rees8 studied the tehaviour of fibrous
waterials used in btedding and upholstery, where the
fibres are used in bulk. He described three
important physical properties that determine their
use as a bulk material as ¢ (1) Filling capacity
of the fibres, that volume occupied by a specified
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welght of the fibres; (2) Compressibility of the
fitre mass; and (3) the ability of the mass to recover
from compression.

Further, Reesa obgserved that The well
opened fibres are very sensitive to changes of pressure,
so that precautions must be taken in determining
the initial pressure. He prepared his test specimen
inside a Perspex glass cylinder. He then withdrew
the cylinder and placed the prepared sample under the
presser foot of the apparatus. By this method, he
improved the accuracy of his tests tecause The effect
of friction betwesen the fiktres and the wall of the
container was eliminated.

ReesS found that the resilience of wool,
gilk and nylon is higlier than that of the cellulose
fibres.

Schofield85 conducted a numpber of
compressibility tests on wool and concluded that
bulk fibre does not wholly elastically reverse the de—
formation. There is a decreasc in volume after
the wool is subjected TGo pressure.

Mutsohler86 measured the “compressed
volume® and ‘relaxed volume™ and calculated the bulk
elasticity from the following formulas

- Vq) 100 where V= relaxed volume,

Vd = compressed volume and K = constant.

He compared wool, cotton and staple rayon and found
that wool has the hizhest elastic volune, He made
measurements at 20 points from the bale all the way
to ring spinning. iaximum volume is reached at the
card, it then decreases with each passage through
drawing frames, L1y frames, etc.
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testing btulk fibres, the conditions of the stock as

Fox and Schwarz suzzested that when
to cleanliness or state of asgrezation should be
considered, Wool in the grease 1s quite different
from scoured wool from the dryer or after further
processing. Cotton from a new tale will exhibit
different properties from cotton as delivered from
a picker, Further, he stated that the quality of
wool and staple lenszth affect the compressional
propertics.

Burns and JchnstonSB observed
diffcrences in fibre springiness within and between
grades. I'his they thousht was a factor tending bto
interfere with the compressional method of yield
cstimation. They also found that the packing of
the compression cylindar was a variable factor.
They noticed that variations in the physical characters
had some influence on the density of the raw wool.

It has been pointed out by Finch76 that
onc of the most important considerations in a
compression test is the prcparation of the specimen
Tor testing. If the fibtre mass consists partially
of matted and partially of loose fibre, the
relaxation rate will be a reflection of toth of
these conditions. It is necessary, therefore, %o
have the fibrous mass as homogencous througheut as
possible., This, he stated, may te accomplished
either by opening the material on a power-driven
laboratory-card or by opening it with hand cards,
Hither method is satisfactory, the former being more
conducive to obtaining a large sample from which
the test specimens may bte selected.
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Beckwith and Baraoh89 discussed the
resilience of pile floor coverinzs and stated that
somc wools when walked on in carpet form flatten
down readily and the portions of the pile lay in
different directions, causing unabtractive light-
reflection patterns, This spoils the appearance
of the fakbric surface by Ziving it a ‘"mangy® or
"scrazgly ¥ appearance. Other wools do not crush
as much; thelr surface is uniform and pleasing
in appearance, with the pile layinzg in one direction.
Theoy suggested that the atility of the carpet pile
fibres to resist the distorting cffects of traffic
could be evaluated by measuring their resilience,
which can Le considerced as the ratio of work returned
upon release of a coapressional load to the total
work donc in compressing.

The reaction of fibres to high
coupressive forces has been the subject of study by
Bussego and Kolb et algl. They noticed that the
recoverieg of fibres from bulk compression tests
appear to depend, in part, upon the bulk properties
of the fibres such as elasticity, plastic flow,
and the strength and ultimate elongation for tensile,
compression and shear streceses. It may also depend
upon the surface propcrties of the fibres such as
coefficient of friction and adhesion or tackiness,
or tendency of the fibtres to weld together when
sliding past one another under pressure.

T'urther, they found that under pressure
of 10,000 and 100,000 vpounds per square inch I[ibres
such Dacron, Saren, niylon, Orlon, rayons and wool
behaved very differcntly and it is clear that
stressing beyond the elagtic limit and bregaking
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strength is the main reason for poor fibre recovery,
surface adhesion and structural factor being secondary.

92

leather, cellulose, wool and silk fibroin to

Welr studied the zeneral response of
compression and found that it is virtually independent
of moisture content, whereas, at high regains, moisture
exerts a marked effect. The results are in good
accord with the concept that the moisbture exists in
hydrogen bonded form at low, and as liquid water ab
high, moisture content.

Van Wyk?2 studied the compressibility
of wool fibres and defined “resistance to compression'
as s—

—

K Y mj

T = e i i e

p3

Where K is a constant, ¥ = Young's
modulus, m = mass of fibres, and f = density of
Wool. He stated that it is essential the wool be
teased out as thoroughly as possible, so as to
ensure random orientation of the fibres, for the
presence of lumps has teen found to raise the
resistance to compression by as much as %2 per cent.

Further, Van Wyk found a significant
correlation coeificient of 0.55 between the
resistance to compression and number of crimps per
unit lenzth and a partial correlation of 0,43
between the resistance to compression and fibre
diameboer, He sugzested that crimping may have a
direct effect on the relabionsiip of resistance
to compression and found indirect evidence to suzgest
that the number of crimps per unit stretched length
is a more relevant guantity than the normal staple
length.,



An evaluabtion of the tulk compression
characteristics of widely different wool samples was
performed bty demaCarty and Dusenbury77. They
suggested that the compressive load (i.e. the load
measured at certain fixed compressions of an
initially sbrain free sample), rabther than resilience
provided a better measure of differences among wool
samples. It means that quality diiferences in
wools are related to differences in their resistance
Tto compression rather than to diiferences in
compressional resilience.

Further, they found an inverse relation-
ship btetween the cowpressive load and the mean fibre
diameter, It indicates that such measurements
reflect a co-operative property of the entire fibre
assembly rather than the properties of the individual
Tibtres such as the tending or extensional moduli of
elasticity.

When the compressing plston size is
varied at a constant sample size for a Targhee 60 s
wool card sliver, demaCarty and Dusenbury found that
the effective volume of fibres being compressed is
greater than the volume of fibres directly beneath
the piston. It may probably be due to fibre-to-
fitre entanglements. They concluded that a
constant area should be added to the compressing
piston areas in order to achieve a constant
compressive stress. This area increment is
independent of sample diameter, providing the sample
diameter is sufficiently greater than that of the
compressing piston, and this arceca increment decreases
with increasing dezree of compression,
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Demiruren and Burns48 tried to assess
the basic fibtre properties which affect the com-~
pressional.- bulk resilience of wool, They also
studied Gthe relationship of these fibre properties
o maximum load or stiffness. Investigations were
carried out in relation To 6 inherent fibre properties,
viz. — tensile strength, fibre length, fibre thickness,
contour, crimp - length Go depth ratio, and crimp
depth, They found that %1% of the variabtion in
resilience can te accounted for by the variation in
the six fibre properties measured, and in case of
maximum load these fibre properties were responsible
for 85% of the variations. In both cases, the most
important property was tensile strength. It
accounted for 18% of the variations in the resilience
and 66% of the variations in the case of maximum
load. They also showed that the shape or contour
of the fibre and crimp were important measurabtlec
qualities affecting the bulk resilience. In the
case of maximum load the two important factors besides
tensile strenzgth were fibtre lenzth and crimp. In
both resilience and maximum load, fibre thickness or
fineness was a less important factor, Further, they
observed that both resilience and maximum load varies
within wool Types. Resilience is lowest in the fine
wools and highest in the medium wools, with long
wools intermediate. Maximum load is hizhest in finc
wools, lowest in long wools and intermediate in the
medium wools,.

Demiruren and Burng concluded clearly
that since only 31% of the variation in compressional
bulk rcsilicnce of wool can be accounted for by the
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variations in the six fibre characteristics,
therefore, most of the variations in resilience
must be due to physical (molecular) structure and
other factors.

179 reported that a
comparison of resilience when compressed to a fixed

Fok and Fingze

pressure and then made to recover does not agree with
the result of subjective determination by handling
and that it is appropriate to show the compression
ratio and amount of work loss ag criterion showing
the differencc among the various crispated fibres.
ViethBO obtained cowmpressional
characteristic valucs for 8 different kinds of fibres
and concluded that it is difficult to compare
compressional characteristics with one valuc
(paramcter) only and that maximum load, easincss of
compression and compressional selasticity should be
considered as compressional characteristic valucs.

94

comprcssion experiments on various fibres and

Takikawa and Kawanura carried out
suggested that it is necessary to consider compression
cnergy, resilience, and fatiguc ratio in order to
characterise the comprcssion behaviour of the fibres.
Also they defined a new term — “Compressional Index™
and claimed that it shows a good agreement with the
evaluation by handling.

Winson6 found that the resilicnce of a
mass of fibres incrcascs as the staple length
decreascs.

SaX195 found that in the case of dry
rayon flock, a high denier fibre is harder to compress
and 1rccovers to a grcecater cextent than a lower denler.
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Kolb ggugggl reported that compressional
recovery of Dacron is not dependent on denier.

Busse’C and Kolb et al’l noted that
lubricating the surface of the fibre had little effect
on reccvery from compression to very hizh pressures

2.5 liathematical ¥xpressions for vompression data

Counsiderable work has Leen reported to
describe coupressional behaviour oi textile materials
both from empirical and theoretical considerations.
The most important of these studies are summarised
btriefly.

96 fitted the following

ki, and J. fgsert
resgion curve of wool,

o
)
1

equation vo their compres

a0
e

vo (P + Po) = Po

where v is the initial volume, while PO is termed the
“latent pressure of wool at zero aoplied pressurec.
The quantity PO is regarded ag a measure of softness,
and the index 2, @s a measure of pliability.

The Hgzert's equation suffers from some
disadvantages. The two coefficient Py and a  are
extremely sensivive to experimental errors, and depend
on the observed value of Vos & gquantity which is
hardly reproducilkble and does not appear Lo fit in
with observations at hizh pressures, where the
density of packing is more uniform,

Van_Wykgj derived an equatlon to
represent the compressibility of a mass of wool fibres
and it is,
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where m is the muss, f is the density (1.30 gm/c.c.)
of wool, Y is Young's modulus of elasticity and K is
a constant, while P and v are pressure and volumne
respectively.

The above relationship between pressure
and volume of masgss of wool fibres ig derived on the
assumption that the compression of the mass consists
solely of hendinz of fibres. Twisting, slippage,
and extension of fibres are ignored, and consideration
ls ziven to the number of times the fibre would come
in contact with other in compression, It is also
assumed that the fibres are oriented at random, and
the mass of fibres is unformly packed and that
frictional forces are neglizible.

It is to be noted that Van Wyk's
equation predicts that the compressive load is
independent of both fibre diameter and fibre length.
Thig equation can be reduced to a relationship in
which the pressure varies with the inverse cube of
volume, He obttained data on three lkerino wool
samples which appeared to satisfy this relationship.

Further, it is obscrved that both
Fggert's and Van Wyk's equations are linear with
respect to P and

for & given mass of fibres.
A A
In case of Van Wyk's equation a = 3.

liatsushima and Matsu097 measured the
pressure—-deformation curves for blankets and carded
fibre mass. These curves fit in the equationg

where P is pressure, x is deformation and 'a' and
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'b' are constants.

Applying a model which consists of
m(x) springs in series and n(x) serial springs in
parallel to samples they derived the pressure-
deformation eguations.

Continuing the theme of the earlier
publication, Matsuogg derived some more theoretical
expressions to descrite tThe compressional recovery
of fibre mass (carded fibre mass and blankets).

In these derivations, he considered the rheological
character of bent fibres and the friction bebtween
them. The compressional resilience (R) is defined
ass

B = the work of 2nd compression to maximum pressure Pm

~ the work of 1lst compression to maximum pressure Pm

Further, Matsuo deduced the following
equations from his pressure - deformation curve 3
©
g 8y
Bo=\m ) B
where “nl? and “naf are 'n' and “gl”
and *gQV are 'g' in first and second compression
respectively, and o = 3 (constant), 'g' is the
coefficient of btending fibres rigidity. These
results were analysed in terms of a model which
consists of "m' gpring in series and the 'n' serial
springs in parallel, where 'n' and 'm' depend on the
deformation 'x'. The entanglements of fibres in the
lst compression causes the increasc of 'nf from
“nl? to ?n27.
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Larose performed compression tests
on numter of fabrics, viz., single and double pile

fabrics, overcoatings, feclts, and knitted fabrics.



He found that within the range of pressures used
(0.1 to 1.0 p.s.1.), the results are well
represcnted by thce equation

To - Tp = a log P

where “To’ is the thickness at a
pressurc of 1.0 p.s.i., ?Tp“ is the thickness at
pressure "P', and al is a constant for any one
particular fabric. This relationship was found
to hold fairly well for pressures of 0.1 to 1.0
P.s.1. or morc for all types of fatrics tested.

It failed, however, to represent the behaviour of
wool .or cotton btatting.

The equation suzzested by Larose is
purely empirical and docs not appear to be suitable
for very loose materials, since it failed to
represent the compressibility of wool or cotbon
batting . Also i1t can only te applied to a limited
ranze of pressures.

The equations

=
P = K (TO - Tp)

where K, TO, and « are constants
and Tp is the thickness at pressure P, has been
claimed by Hoffman and Beste o0 to fit bheir daba
guite well, « having a value of aboub 5/4 at low
pressures and about 3 at high pressures. The
value of « , however, dcpends on the value choscn
for 'T ' and the shapc of the curve (pressure -

. O doez wot Change . .
thlckness)Aappr001ably when ‘TO’ 1s varied over a
wide range of values.
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Hoffman and Bestcts eqguabion is also
empirical and of limited application, since The
coefficicent « abt low pressures 1lg different from
that at high pressures.

Bogaty et 3;101 proposed the following
ecguation to express thickness ~ pressurc relationship
of fabrics.

(P +»c)(TM - a) = D

In thigs eguation, fa', 'b' and 'c! are
constants. Bogaty et al chose 0,05 p.s.i. for the
value of 'c? and the thickness under a pressurec of
2.0 poes.i. for the value of *at, The value of 'b?
1s a characteristic of the sample. Thesc authors
Tound that the results obtalned at low pressures up
to 0.1 p.s.i. were fairly well represcnted by such
an equation, but at higher pressures the relationship
does not hold so well.

The equation of Bogaty b al is again
an empirical onc, and it does not represent
compressibility over a wide range of prcessurces unless
the constants ‘c' and 'a' are given different values
for cach samplec. These valucs have to be debermined
by a process of trial and error in order to obtain
an equation which satisfies a wide range of precssurcs.
Therefore, the usefulness of the equation is reduced.

The most widely used correlation for
graphical treatment of fibre mass compregsion data is
the empirical compressibility cquation

T =¥ P

where T is the thickness of fibre mass sample, P is
the applied pressure and X and Z are constants,



depending upon the material and the test specimen,

Terasaki et _e}_}_Bl expressed his results
by the above compressibility equation for viscose
rayon pads under various pressures.

40.
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CHAPTER IT

BXPER TN ENTAL

1. INTRODUCTION

The survey of various methods and
instrunents employed bty different workers in their
investigations, indicate that there have been as
many test methods as the number of investigators,
and each one has designed to fulfil one's own
requirements. In general, however, these methods
can be classified into two categories:

(i) wethodg based on maximum pressure,
that ig, the speciuen is compressed
to a maximuuw pressure or load.

(ii) lethods tased on fixed compression
ratio. Here the specimen is
compressed until a fixed predeter-
mined compregsion ratio is attailned.

R68889 Fok and Finzel79 and Taklikawa
Q

I used the firgst mebthod while Demiruren

80

and Kawamura

48 geliaCarty and Dusenbury’’ and Vieth

and Burns
periormed experiments based on second group.

The instrument (Shirley Thickness
Gauge) used for this research is the same as used by
Rees8 for the meagurement of overall specific volume
of Kapok. This method belongs to the first group
and has the following advantages over the methods
fallinz within the second group.

The thickness of the specimen must be
accurately known in order to maintain a constant

compression ratio, and since the fibre mass is very



sensitive to pressure changes in the low pressure—
thickness region of the curve, it becomes very
difficult to decide which point should be taken as
original thickness. It can be easily visualised
that in the methods based on a fixed compression
ratio, the initial thickness always will have to
be set at a fixed gauge length irrespective of the
difference in the btulkiness of each gpecimen of
fibres, and is compressed up to a fixed distance
from there. This will, therefore, mean that some
specimens would be tested under the condition of
almost no load position, whereas in case of some
bulky specimens the measurements would be made after
1t has already Tteen compressed considerably. On
the other hand, in the instrument based on maximum
pressure, all fikre masses are compresssd up to a
constant maximum pressure from a no load position.
Further, Rees?s8 instrument simulates
the practical end-use conditions under which a fibre
mass is used as fibrefill in pillows in which the
load is defined rather than the deformation. Also,
it possesses the advantagze that the thickness of
the fibre mass may be measured directly under
extremely low pressures.

42,



2. MATFERTALS

In the present study Acrilan, Terylene
and Tricel fibres were used. Acrilan fibres were
supplied by Chemstrand Itd., Terylene was obtained
from I.C.I., and Tricel from British Celanese Ltd.
The fibres possessed different properties, as 1is
indicated in the following Takles.

TABLE Ta
Acrilan

Code No. Degcription

Tength Iineness Type
(inch) (denier)

Al 2 3 Type 16,semi-dull,normal crimp
A2 2 2 & t

A3 2 8 ; i

A4 2 2 ' ~

A5 2 5 i =

A6 2 15 i &

A7 172716 > 2 2

A8 17716 i ;

A9 175186 15 . .

A 10 2 5 Type 16, semi-dull, no crimp
A 11 2 5 i 3

A 12 2 8 i

A 13 21 5% Experimental Type, chemically

crimped



TABLE Tb

Terylene
Code Description
No.
Length Fineness Type
(inch) (denier)
P1 1% 14 Cotton Gype, normal crimp
P 2 lV? 3 " i i
P 3 1% 3 Fillinz type, normal crimp
P 4 21/.!4_ 3 i i i
P 5 2 4 Flax type, normal crimp
P 6 272 5 Wool type, normal crimp
P 7 5'1/2 6 i 5 0"
P 8 4% 10 i i it
TABLE Ic
Tricel
Code Description
No.
Length Fineness Type
(ingh) (denier)
T 1 2 7 Semi-matt,; normal crimp
i'f 2 2 8 it i it it
T 3% 2y2 4% i i i i

T 4 5 4% §i i it i
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2.1 Method of Specimen Preparation

The resilience of a fibremass depends
upon the manner in which the specimen is prepared.
As is evident from the literature, while preparing
test specimens for such studies it is essential o
ensure that the fibremass is fully opéen and that the
fibres are uniformly and randomly distributed.

Also, in order to compare the characteristics of
different fibres, the density of such specimens is
maintained constant. The specimens for the
measurement of resilience were prepared as follows:-

The fibres were opened on a Shirley
Miniature power-driven card. The carding may have
introduced a certain dezree of preferred orientation.¥
Its effect, however, has been neglected here. A
Shirley static eliminator was used to facilitate
processing in certain cases, notably Terylene.

From such laps, squared specimens of the required
weight and dimensions were cut and tested. A1l
specimens were prepared in this way, except when
specimens of different thicknesses were made: in
those cases, two or more layers of laps of similar
nature were placed on top of each other, Results
obtained from these specimens were rcproducible

and thus Justified the method of preparation.

It should e remarked that in some
cases the same specimens were‘required for testing
again and in such instances, sufficient time (24
hrs. or more) was given in between the tests to
ensure sufficient recovery from the previous
compressions.

¥  See pa,ge L 5 @)



L5(a)

Although the Shirley Miniature Card may be assuned
to produce an open and uniform web of fibres, it is observed
that the fibres tend to be aligned in the direction of rotation
of the collecting drum. The effect of this slight orientation
of fibres in a specimen is neglected because the fibrefill is
often prepared on a large scale carding machine and this is
likely to introduce the sane tyoe of fibre orientation as that
Jroduced by the sShirley .iiniature Card, so that tests made on
specimers presared on the s.iall machine should behave in a sim-
ilar manner to mosﬁ of the fibrefill orepared on an industrial
machine, at least from the point of view of any influence that
fibre orientation nay have,

The method used to prepare the test specimens is
as follows: Tibres were »nassed through the Shirley liiniature
Card, The out conin~ web of fibres was collected on a rotating
drum of the sane lensth as the width of the fibre web from the
miniature card, Some 25 to 30 layers of such fibre web were
deposited one after another on the drum to form a uniform lap

about 2 inches thick. This was tuen cut in a direction var-
allel to the axis of the drum and a lap of linear dimensions

10" x 35" apyroximately was obtained, From such laps the
test specimens of recuired area were talen. Kach sjyecimen was
weighed and 1ts mass was adjusted to a constant value either
by removing or adding one or more fibre web layers. From the
results of resilience .neasurements on specimens of different
thickness (p-7h)y it is not exnected that the adjustment of
specinen thickness in this way will alter the measured value

of resilience.



5. APPARATUS

The Shirley Thickness Gauge (see Fiz.
2) consists of a presser foot which rests on the
specinmen. This foot ig secured to the lower end
of the precigion ground stainless steel gbtem which
is constrained to move vertically in relation to
the tase and is suspended at its upper end by a
flexitle steel strip. The strip passes almost
coipletely round the circumference of a cylinder
and its end is secured under a clamping plate,
The welzht of the stem and the foot is counter—

46,

balanced by a weight fastened to a second strip which

passes round the same cylinder in the opposite
direction to the first. inovement of the foot
upwards or downwards causes the cylinder to rotate
throuzh an angle proportional to the novement of
the footl, The movement is magnified in the ratio
of the pointer radius to that of the cylinder
giving a scale in which each gmall division
approximately 1/16 inch lonz, represents 5/1000
inch of foot movement.

The gause covers a range in thickness
of 2 inches and it is accurate to 1/1000 inch.
Normally it is set to coumwmence at zero thickness
but bty raising the measuring head until zero
corresponds to a minimum thickness of one inch
thickness up to 3 inch Ghick are accomwodated.

A sebt of disc weights covering 0.01
pound to 10 pounds and a measuring presser foob
of area 10 square inches enables measurements to
be made at pressures which may be varied between
0.001 p.s.i. (pound per square inch) to 1.00 p.s.i.



Pig. 2. Shirley Thickness Gauge.



Movable Platform mounted on the

thickness gauge.
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5.1 Modificabions

In the present work the apparatus
described was modified to carry out investizatilons
with the presser foot of varying sizes and shapes,
and on specimens of different thicknesses and areas.

Two extra aluminium feet of areas 5
and 20 sq. in. were made to assess tThe influence
of size, the standard foot being 10 sq. in. A
third foot was constructed, its surface was hemi-
spherical and the maximum diameter corresponded to
that of the standard foot. This modification
enabled to study the effect of shape of presser
foob. Further, a movable platform (Teflon board)
of 10 x 10 sq. in. area was attached to the tase of
the instrument and its measuring head was raised to
the required height in order to investigate
specimens of varying thicknesses and areas. Figure
5 shows the movable platform mounted on the thickness
gauge and a specimen of 4 inch thickness being
tested for resilience under a hemispherical foot.
5.2 Method of Test

First of all the tase of the thickness

gauge was set with the help of the levelling screws
provided and then the heizht of the measuring head
was adjusted according to the thickness of the
specimen., The pointer was set to the zero mark on
the dial by rotating the dial. Then, the specimen,
prepared according to necegsary specifications, was
placed carefully underneath the presser foot of the
apparatug. The foot was manually moved downwards
until it was Just in contact with the specimen, and
then 1t was loaded with a maximum load (usually 10
pounds) in order to exert a maximum pressure which
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depended on the size of the presser foot. The
fibres were compressed for a period of 10 seconds
under the maximum pressure and then were allowed
to recover for one minute under no load. This was
done to obtain a definite starting point since the
initial thickness of fibremass would depend upon
the position of fibres in the specimen. This also
provided a "mechanical conditioning™ of the
specimens.

In a resilience test, the fibremass
was loaded and unloaded tetween 0.001 to 1.0 p.s.i.
in a cyclic manner, sreat care was taken while
adding (or removing) the weizhts by hand, in order
to avoid sudden compression (or recovery) of a mass
of fibres. This was done as shown in Table IT.

Since the thickness of a mass of loose
fibres decreases rapidly with increasing pressure in
the region of low pressures, the weights were chosen
so that a number of obgervations could vte made in
this region. The characterigtic values for each
type of fibre indicabte greater differvences at low
pressures than at high pressures.

. The pressure-thickness curves were
drawn on graph paper indicating compression recovery
behaviour of fibres for first, third and fifth cycles,
that is, between 0,001l to 0.01, 0.001 to 0.10, and
04001 %o 1,00 p.s.i. respectively. Resilience was
then calculated both as the ratio of energies and
Thicknesses at 0.001 p.s.i. The areas under the
pressure-thickness curves were measured by means of
a Polar Planimeter. PFigure 4 illustrabtes a typical
curve obttained from the thickness gauge during

measurement of resilience. Three gspecimens were
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testbed for resilience at each condition and the mean
value was calculated.
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4. HBVALUATION OF TEsc GONDITIONS

It is evident from the literature that
there geems to be some confusion as regards the
conditions under which the resgsilience of fibremasses
should be determined. It has already bteen mentioned
(cf. introduction) that it was essential to evaluate
the proper conditions to study and to characterise
the resilience of fikres in bulk. All experiments
were performed in a room controlled ab EOOO and abt
65% reJh.

The effect of (1) area of specimen
using a constant area presser foot (ii) thickness
of the gpecimen (iiil) size of presser foot (iv)
shape of presser foot and (v) maximum pregssure in
any cycle, was investigated on Acrilan fibres of
Type 16, normal quality (2%, 3d).

Since the fibres are viscoelastic
materials, the effect of the time cycle was first
investigated in a resilience test. The main aim
of 1t was to find whether the resilience measured
with short loading and recovery times was the same
as that measured with longer loading and recovery
times, the ratio of recovery time to time under
load being the same for the short and longer time
tests.

4.1, Effect of Time Cycle

The resilience tests were made using
a specimen of constant area (5,5 X 5.5 sqg. in.) and
weight (55.) under the standard foot (10 sq. ind)
in order to study the various time cycles, Fouxr

combinations of time cycles were employed, viz.:—
compression for 12 seconds, 1 minute, 1 hour and 5



hours with recovery for times of 1 minute, 5
minutes, 5 hours and 24 hours respectively,
In service, fibrefill used in pillows
will bte subjected to a constant load for abtoulbt 8
hours with 16 hours under no load. Loadlng and
recovery cycles of such duration would be time
consuming in the laboratory. Experiments were
therefore made to see whether the measurecd
resilience was the same for short duration
cycles as for lonz duration cycles with the
condition that in both types of test the ratio of
recovery time to loading time was kept constant,
It should bte noted at this stage
that for this particular experiment the specimecn
was subjected To one complete cycle of pressure
chanzes from a minimum to a maximum value (0.001
to 1.00 p.s.i.) and then decreased gradually in
the reverse order to the initial wvalue. The
changes in pressure were wade at an interval of
1 minute each, The compressed mass of iibres
was held under a maximum load for a definite period
of time and on recaching the initial pressure these
fibres were allowed to recover according to
definite recovery time.
42 mffect of waximum Pressure

The next stage of this rescarch was
to investigate the influence of (a) pressure &b
which the resilicnce was measurzd and (b) the
maximum pressurc used in a compression-rscovery
cycle. In the first instance, the following
cycle (Takle ITa) of loading - unloadin: was
used, each changc in pressure being made abt an
interval of one minute.

52.
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Three specimens of 5.5 x 5.5 in. &q.
area With their weights determined werce prepared so
as to keep the welsht per unit area the same for
each test, Thicknesses measured under various loads
were plotted against log,, (pressure) (Fig, 9) and
resiliences were calculated as a ratio of two
thicknesses at 0,001, 0.01, 0.025, 0.05, 0.1l0, 0.20,
0.40, 0.60, 0.¢0 and 1.0 p.s.i. (Table V), Since
the changes in pressures, particularly in the low
load region, were very small, the resilicence was
plotted against the logarithm of the pressure.

A second set of experilmcnts was
performed to cover the low load region only. The
load-recovery cycle was modified as follows:-

TABLfE TIITb

Cycle Pressures (p.s.i.)

1, 0.001, 0.004, 0,001
: 0.001, 0.01, 0.004, 0.001
: 0.001, 0,025, 0.01, U.J04, 0.001

3 0,001, 0.10, 0.05, 0.025, 0,01, 0.004, 0.001

, 0.001, 0.20, 0.10, 0.05, 0.025, 0.0L, 0.004, 0.001
: 0.001, 0.40, 0.20,0.10,0.05,0.025,0,0L,0.004, 0,001

2
5
4, 0.001, 0.05, 0.025, 0.01, 0.004, 0.001
5
e}
7




As before, the resilicnce was
calculated as the ratio of two thicknesses, but
this time i1t was only computed at 0.001, 0.0l and
0.10 pressures.

4,% fEffect of Area and Thickness of Specimen

' The influcnce of varyinz conditions
of test specimen preparation was investizated.
The experiments were performed under a constant area
presser foot (10 sqg. in.) and the standardised
pressure-tine cycle (atle IT) was employed during
conpression-recovery of fibremass.

mxperiments were made to study the
effect of (a) the area of specimen and (b) the
thickness of the specimens, In both cases the
weights of the specimens were determined and the
weights of all specimens adjusted to a constant
value,

The effect of the area of specimen
was investigated using four areas of specimens, the
smallest area Tbeing egual to that ol the presser
foolt size. The sreas sclected were 5.6 x 3.6, 4.5
x 4,5, 5.5 x 5.5 and 7.5 x 7.5 inches square and
Thus covered a fairly wide range.

The effect of tThe spccimen thickness
was investigated on 1, 2, % and 4 in, thick gpecimens
of known weizhts. These experiments were carried
out on a constant specimen area being 5,5 x 5.5
square in. and under a constans area presscr foot,
Since the Thickness gauze in its normal use can
only accommodate specimens of not more than 2 in.
thickness, therefore, a movalble platiorm (Fig. 3)
which can be moved vertically was uscd in conjunction
with the gauge and the specimens were placed on
this platform during resilience tests.



4,4 gffect of Size and Shape of Presser Foot

To investizate the effect of the size
of the presser foot, experiments were performed with
a circular foot of 2.52, 32.57, and 5.05 inch diameber
so as to oktain a plane surface of 5, 10 (standard
foot) and 20 sqg. in. area respectively. In these
experiments specimens of 5.5 x 5.5 square inch in
area and apjproximabtely 4 in. thickness were tesbted.
The wei hts of all the specimens were noted to
maintain the density of the filbremass the same
throughout.

S50 Tar all Gthe Gests were carried out
using the presser foolt of plane coupressing suriface.
Under these conditions it is believed that most of
the fibres 1in a mass are compressed under a constant
pressure. It would, however, be interesting to
periori experiments in which the fibremass is
subjected to compression - recovery cycles employing
a presser foot of non-plane compressing surface.

For making such tests, a fourth presser foot having
a hemispherical compressing surface and with the
maximum diameter equal to that of standard foot
(i.e. 10 sq. inch area), was made. Resilience
tests were made on specimens of knoun weight and of
5.5 x 5.5 square inch area and approximately 4 inch
in thickness, placed on the movable platform under
the appropriate foob.
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5. PROPERTI&S AFFECLING RUESILIBNCH

After standardising the test conditions,
the factors which are involved in the resilience of
fibres were investizated. It was believed that tThe
following fibre properties may affect the resilience
of any given kind of fitres
(1) Pitre length (2) Linear density (%) Crimp
(4) Friction (5) Elastic recovery  (6) Modulus
5.1 Staple length

The staple length of all the fibres
(Table VIII) was determined in the course of the
present research. The average length debterminations
were carried out accordinz to B.5. %69%7; 19635, as
outlined in British Standard Hand Book No.11192,

This specification deals with the measurement of the
lenzth of an individual fibre, The length measured
is the length of the straizhtened fibre when the

crimp is removed, It employs manual straizhtening

of the crimped fibre against 2 scale on a velvetb
pile cloth board.

The number of fibtres tested for the lenzgth
measurements was 100 in thc present work and the
mean of these values was calculated to obtain the
average fibre length,
5.2 Linear Density

The measurements of linear density
(mags per unit lenzth expressed in denicr) were made
in accordance with B.S., 2016;: 1961 SPGCifiC&tiOﬂlOB-
According to this method, the individual fibrc¢ of
known straizht length is weizhed accurately on a
mnicrobalance.

Ag described above, the staple length
determinations were performed on 100 fLibres from

each sample, the same fibres (whose length is known)
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were welshed on a microbtalance and the linear density
(in denier) for each fibre was calculated as follows:c-

000,000 x i

L

where "' is the weljht in mgs., and 'L
is the length in cm. of a {ibre.

The averaze was calculated from the
values of these measurements (lable VIII).
2.5 Crimp

The form of fibre, i.e., the crimp, is
one of the iwportant parametoers which has to te
evaluated in the guantivtative assecsuent of resilience
of a Iitremass. Crimp itself is a complex property
and has Teen studied by a number of workers who used
different techniques and apparatus. In the present
work, the percentage crimp (defined as the ratio
of increase in length on straizhtenin; sxpressed as
a percentaze of the orisinal crimped length) was
determined by a simple apparatus which was constructed
in the Wworkshop, This method is, however, based
on a test developed by Chemstrand Limited104.
Apparatus

The apparatus for crimp measurement
consists of a torsion talance, a micrometer head to
measure the crimp extension of a fibre, a hook and
a clamp to hold the fibres. The complete unit is
shown in Fig. 5.

T'o measure the crimp, the fibre of a
known lenzth (1 in.) was held tetween the arm of
the balance (by means of hook) and the clamp which
is moved vertically up or down through the micrometer
by hand. The moveiment of the lower zrip determined
the extension of a fibre and was measured accurately



Fig.5. Crimp Tester
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by means of the micrometer, The torsion balance
was required to apply a known specific stress Go
the fibre under which its crimp was to be determined.
The length of the fibre beltween the grips was
usually measured by a cathetometer. Initially,
in this test, 1t was required to apply a very small
pre-tension load to mount the fibre in position.
Procedure

The fibtre was placed in position
tetween the zrips under a pre-tension load of
0.0055 g/d. The orizinal length of the fibre
between the grips was mensured bty mweans of a
cathetometer and was 1 in. approximately for all
fiovres., At this stage, the micrometer reading
was noted, The zero of the balance was adjusted
and thus the pre-tension load was compensated for.
A load equal to 0.025 z/d was 2pplied to the fibre
by moving the handle of the balance, The
micrometer was rotated downwards until the
pointer of the balance returned to zZero. The
micrometer reading was taken again. The difference
between the first and second micrometer rcecading
gave the fibre extension under 0.025 g/d load.
The same procedure was repeabted using a load of
0.050 g/d. The dabta were used to calculate the
percent crimp.
Principle of Test Method

Girardﬁa pointed out that when a
crimped fibtre is stretched, the curve (load -
extension) obtained is composed of three scctions,
One is attributed to the crimp and is concave
upwards. The straight portion of the curve was
attributed to the elastic properties of the fibre,
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while the third section of the curve represented
the yielding of the fitre (Fig. 6a). Girard

also found that the load - eclongation curve of
fibre crimp (i.e. first section) could te described
by an hypcrbola (Fig. 6b) of the equation

— X
TSRV E
This is the Ttasic equation of the crimp
curve in which

Y = fibre crimp cxtcnsion
X = force to extend crimp 'Y' units
A and B

U

consbants which are gpecific for
the fibre sample tested.

These constants were debermined from
the data obtained with the apparatus (described
above) in order to calculatc percent crimp, and
other crimp parametcrs.

Calculations

Let crimp extensions be Yl and Y2
as measured under loads of Xl = 0,025 g/d and
X2 = 0.050 g/d respectively. Under these
conditions XR = 2 Xl. Subsgtitution of these
values in the crimp equation:

A ceee (D)

and by solving simultaneously 'A! and 'BY are
obtained in bterms on1 and Yg. The values are
as follows:—

A —

\ _ AEYI—'YE

A inch
¥,




0.050 (Y2 - Yl)
and B = sy speese———— omg/denicer - inch
Y.Y =
1-2
Since the hypertola described by fibre
. b ‘ B 1
crimp equation (1) approaches an asymptote at ¥ = T
according to Girard © and further, it was Tound
that fibre crimp is essentially rcmoved at 95% of
this asymptotc, thereform— ‘
0.92
_ll“\.‘.

Crimp extension, YC =

Crimp of the fibro is the ratio of
its crimp extension to its crimped length. This
when multiplied by 100 is expressed as “percent
crimp’ and is ziven by

—

-3

Percent crimp = %g
gsince the¢ orizinal crimped lenyth
is onc inch. This expression in terms of ¥y and
Y2 becomes s-
95 Y, ¥
. . ~ 1 -2
Percent crimp T e

It can also be noted that the load
required to extend u crimped fibre to its decrimped
state is the uncrimpinz force and is given by the
cquation z:-

Uncrimping force XC =

This equation is derived in terms of
A and B by substituting “YC“ Tor Y% and ”XC“ for
XY in the crimp equation (1).

The uncrimping cnorzy s the work
requircd to extend a fibrc from o crimped to an
uncrimped state, This is given by s

2,05 x F . . . .
= m492§«4§ gm, inch/denicr -~ inch of crimpod
A Tibre

cl.
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where 1 is uncrimping energy, A and B arc constants
and are specific for the fibrc tested. These
constants can be calculated as descrited previously.
The uncrimping cnergy cexpression is
obtained by considering it as thc arca between the
load-extension curve and the extension axis (Fig.
6C) .
Ixperiments

The + fibre crimp employling the
apparatus and method descrited above was measured
for all the fibres, From each lot, 10 fibtres were
tested., These were taken from the specinens
prepared for the resilience tests, since the crimp
in the fibres may not te the same before and after
passage throuyh the carding machine, The percent
crimp, uncrimpin; force and energy wags measured for
each of 10 fibres from each test specimen (Table
IX).

0«4 Friction

The coefficient of friction,

defined as ¢-

_ F
TR

where I = {rictional force and N is
the normal load was measured, in the present work,
between two identical fibres moking o sinzle point
contact and was held at right angles to each other.,
An instrument tased on Howell's methodEj vas bullt
in the workshop for this purpose.,

Friction measurements were carried out
Tor all types of fibres. Ten fibres were tested
for each sample and their mean values were
calculated (Table X).



Apparatus

The apparatus for ﬁ&ction measurement
is shown in IF'ig. 7. It consists of a carriage which
can be moved forward and backward in the horizontal
plane by means of a micrometer head. The direction
of motion of this carriage 1s guided by a fixed rall
and a coiled spring, one end of which i1s fixed to
the side frame (near the micrometer head) and the
other to the carriage. The carriagc holdg a fibre
mounted in a frame. The other Tibre is suspended
from a fixed point under a constant load (1 gm).
This fibre is algo moved forward and backward in a
horizontal plane by means of 2 second wicrometer
head, but in 2 direction at right ~nzles To that
of the carriage which holds the first fibre.

Before the test, in its normal state, the filkres
just touch cecach other and the micrometers are getb

Go zero at this point. Afiter the test, the
movements of the carrisge (i.e. the first fibre)

and the suspendcd fibre corrcepond to the frictional
force and normal load regpectively.

Procedure

A fibre was suspcended from 2 fixed
point under a weight (1 gm.) After that a second
identical fibre was mounted horizontally on 2 frame
(i.e. on the carriage). Then the two fibres were
brought ncar so as to te just in conbtact with each
other by means of the two separobte micromebers.
Both the micrometer readings were nobed. The
vertically suspended fibre which was hanging freely
under a constant weight was then deflected from its
vertical position at an angle, When this position



Fig.7. Apparatus for measuring fibre-friction



was achieved, the frame was moved in a horizontal
direction perpendicular to previous motion. DBecause
of the frictional force, the freecly suspended fibre
would be carried along until slip takes place.

Both the micrometer readings were nobted again,

The displacements of both the fibres from original
position were obtained by takinz the differences
between Tirst and second readinzs of the respective
micrometbers.

The displacement of the freely
suspended vertical fibre is proportional to the
normal load while the digplacement of tThe frame is
proportional to frictional force. The coefficient
of friction was calculated from the ratio of These
two displacement according to the definition.

5.5 Ilastic Recovery

The elastic recovery of the materials
from deforrabtlon may te measured by various methods.
Generally, in any recovery test, it i1s intended
either to dctermine the extent o which the material
reburns to its orizinal shape and size or the
proportion of the work ol deformation which is
returned. Bach of these tests could be made in
three ways, namely (1) in tension, (2) in torsion,
or (3) in bending.
axperimental loethod

In this vork, the tensilc elasbic
rceccovery of fibres was mcasured on an Instron tester
employing a constant ratec of extension and
contraction. Figure 8 illustrates a typical trace.
This method deals with the extension of the fibre
by a selected amount OL wvhich zives the stress—
extension curve CA. The fibtre is held at the

o4 .



extension for a given time during which stress
relaxation AB occurs. The movable Jaw of the
Instron is then returncd to ite initial position
and the fibre recovery BC is traced out. The
strain value when zero stress is rcached is taken
to give the immediate rceccovery IC . The jaw is
kept at zero for some time while further recovery
CD takes place, where D is the begimming of the
trace for the next loading cycle.

Fibre elastic recovery is then ziven
by &—-

%? x 100 (%)

where the recovered extension ID
consists of an initial recovery IC and a delayed
recovery Cp.,
Ixperiments

The tensgilc elastic rccovery of all
the fibre samples was measuraed from cxtensions of

65,

2% and 5%. These measurcments were made on Instron

tester at ratio of extension and contraction of 43%%

per minubae. The Cross-Hcad spced was 0.5 in. per
minute.
In a recovery test, cach fibre was

extended to 2% extension, held at this extension for

%0 seconds and then returned to the initial gauge

length, The time allowed for rcecovery was 2 minubes

and 30 scconds. The fibre was cxtended again at

the end of this period, but this time the extension

was 5%. The entire sequence of load-rccovery cycle

was repeated so that the elastic recovery could be
measured both from 2% and 5% exbensions while



carryinz out only one sinzle experimcnt.

For cach case, 10 fibrcs of 5 cm.
length were tested and mean clastic recoveries
were calculabed (Table X))o
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CHAPTER TIIT

RESULTS AND DISCUSSION

This research covers two main aspects:
(1) the evaluation of the test conditions for
resilience measurement and (2) the investigation of
those fibre properties that are necessary in s
resilient mass of fibres. The results of all these
experiments are given and discussed in this chapter.

1. EVALUATION OF TEST CONDITIONS

1.1  Effect of Time Cycle
When testing fibres for resilience, it

is necessary to specify the time cycle (i.e. com-
pression time and recovery time under various
pressures) and also the minimum and maximum pressure
in a cycle. Therefore, first of all the effect on
resilience of the duration of compression and recovery
was investigated and Table IV shows the results,

TABLE IV
Aerilan - 16 (2" - 3d)
(%) Resilience as ratio
Code Area of Mass Com—~ Re- of thicknesses at
No, specimen of pression cowvery 0,001 pressures (p:s,i.)
in. square specimen time time I cycle IFT cycle

g. (7,) (rp) (0.001-1.0) (0.002~1,0)
Al 5.5x 5.5 4,48 12 secs., 1 min. 74,0 65.5
" " 4,45 I min. & min, 73,0 65,0
" " 4,10 1 hour & hrs, 73,0 66.0

" n 4,17 5 hrs. 24 hrs. 74,0 66,0
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Results in the Table IV indicatc thab
the resilience of a fibre mass does not vary over
the investigated range of compression and recovery
periods., It appears duc to the fact that the |
resilience is not affected considecrably by the
length of compression period if the fibres are
allowed to recover sufficicntly after thay have becn
kept under pressure. In these investigations, the
fibre mass is allowed bGo recovoerfor-a period that is
five times as long as the period under compression and it
is believed that thesc combinations of compression—
recovery times (Table IV) do allow for the mass of
fibrcs to rcecovery sufficiently. This suggests
that any convenient combination of compression—
recovery time can be choscn from the investigatced
range and that the resilience test may be carried
out as a short period test, It is remarked here,
however, that in order to simulate the exact end-
use conditions of fibre mass (fibre-fill) the
resilience test should be performed at longer
periods, say, 8 hours compression and 16 hours
recovery afterwards.

The selection of time cycle in such
tests have generally been very arbitrary. Rees8
carried out resilience determinationslallowing‘no
extra time under either maximum or minimum load.

The change in each load, in case of Rees measurcments
wag made at an interval of 1 minute; however,

7’
be more than two per minute in order to give
sufficlent time for good recovery which can
characterise the fibre.

Robinson’ noticed that the compressions should not
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Takikawa and Kawamura94 studied the
effect of compression velocity on the rcesilicnce
of rayon, Alon, and wool. The maximum pressure
of 100g/sqg. cm. (1.4l p.s.i,) and a 5 s8g. cli.
arca of compression platform was used. In case
of zero compression time (immediate recovery)
they obtailned a high valuc of resilience as the
speed of compression cycle became faster whercas
there was only a slight tendency for the resilicnce
bo increasc when the compression was 5 minutboes,
For these experiments the recovery time allowed
was 2 minutes and the rabtes of compression investi-
gated were 0.5, 1.0, 2.0 and 5.0 cm./min. It is
to be noted that the prescnt cxperiments arc made
by an instrument which is bascd on controlled
loading rather than controlled compression and a
direct comparison is not possitlc. It can,
however, be seen that the loads arce changed after
an interval of 1 minutc cach and the complete
loading cycle corrcsponds Lo 0.5 cm./min. comprcession
velocity, since thc thickness of specimen @ ak..;

2 inch approximately.

94

investigated the influencc of toth compression and

Further, Takikawa and Kawamura

raecovery periods. As oxpceted They obtaincd a
decrease in rcsgilicnce as the compression time
incrcasced and an increasc as the time allowed for
TECOVery was more. To study the c¢ffcet of
compression time, compression time of 0, 2, 5, 10
and 20 minutcs, speed of testing of 2 cm./min.

and the recovery period of 2 minutes was uscd.

All the measurements werce carried out under o
maximum load of 100 g./cm% Takikawa and Kowamura
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found that the difference in the characteristic
values for resilience appeared more distinctly
when the compression was continued for some known
length of time rather than when made to recover
at once, In case of recovery, they found that

a sufficient recovery of fibres from compression
had taken place when allowed to recover for 2
minutes and there was no appreciakble change
therecfter. These experiments were carried oub
under a maximum pressure of 100 g./sq. cm. and
compressed for 5 minutes, the velocity of recovery
being 2 cm./minute. In this case also it is

not possible to draw o direct comparison between
the results of the present research and those

Pa

attempt ig made to study the precise effect of

of Takikawa and Kawamura's because no such
compression and recovery periods, Instead it
was investignated whether or not it was possible
to test resilience in a short time and at the same
time the values so obtained held good to 2
considerable extent 2t longer periods. However,
Takikawa and Kawamura's results can be taken here
as information available as regards the influence
of compression and recovery periods on the
measurement of resilience of fibres in bulk.
1,2 EBffect of Pressure

In a resilience tesgt, the thickness

was measured ab vapious pressures ranging from {
0.001 to 1.0 p.s.i. (Figure 9), From these
results, the resilience was calculated as the
ratio of thickness at 0.001, 0.01, 0.025, 0.05,
0.10, 0.20, 0.40, 0.60,; 0.80 p.g.i. for all the
cycles (i.e. from 1 to 9). These values are given
in Table Va.



The pressures used in the above
measurements seem to be too high to establish =a
marked difference among the various fibres from
the resilience point of view. It was therefore
bthought to use a maximum load of 0.4 p.s.i. and
carry out resilience tesgsts in the usual way.
Table Vb show these results.

1.



Acrilan - 16 (27 — 3d)

Conmpregsion-
recovery
cycle No,

|

Cycle

O 0O ~g O\ & N

(%) Resilience as ratio of
at pressure (p.s.i.) of

0.001 0.01 0.025 0.05

96.8
95.9
on.8
80.7
78 42
76 .8
7Da7
75.0
on, 1

Acrilan ~ 16 (27 -

Compression—
recoverty
cycle No.

~J O Ut W oo

94,6
87.7 89.2
82.6 79.5 7
80.3 V3.7 ©
76.1 70.3 6
73,0 66.8 6
71.5 64,35 5
70.8 63,0 5
TABLE V b
3d)

9.6
9.5
4.0
1.7
9.3
745

P

&

0.10

(%) Resilience as ratio of

at pressure (p.s.i.) of z=—

0,001
97.7
81,8
78 U
76.6
7543
7542
70.0

0,01

82.2
a5
70.6
664
64.5

V2.

thicknesses

0.20 0.40 0.60 0,80

80.7

74,7 88.0

72.% 83,0 9%.8

69.9 75,0 89.8 95.5

thicknesses

0.10

82.4
7He5



figure 9 shows a typical pressure-
thickness curve, It can be seen from these results
that the fibres are compressed up to same extent as
long as the amount of load on them remains the same,
irrespective of the nature of loadinz, i.e. whether
compressed in a cyclic loading or direct Go Uthat
load. As expected the recovery from the compression
depends upon the maximum pressure. Further, it can
be seen that the pressure~thickness curve constitutes
three distinct regions. The first one covers a
range of pressure between 0.001 to 0.0l p.s.i. and
characterises the behaviour of the fibres under low
compression-recovery cycle. while the second and
third portions cover a medium pressure range of
0.00L to 0,10 pes.i. and a high pressure range of
0.001 to 1.0 p.s.i. rcspectively.

In the above investigations (Figure
9) the change in each pressure is made at an
interval of 1 minute, This means that the fibres
are compressed for 1 minute under a maximum pressure
in each cycle and then the mass of fibreg is lefd
standing for recovery also for 1 minute under each
load on the corresponding recovery curve,

From the results (Figure 9, and Tables
IV and V) the pressure-time cycle ziven in Table II
1s to e used as standard. This ensbles one to
obtain the resilience of fibres at low, medium and
slightly high pressures in the minimum time. The
choice of time is such that it allows a recovery for
a period which is twice that of the corresponding
compression period in each cycle.



74

_ A number of workers have measured
the compressional behaviour of a fibremass. The
pregsures and maximuir pressures used depend on
each investizator's requirements and apparatus.

69

2.0 pvs.l. for the evaluation of compressibility

Schiefer suggested a pressure ranze oi 0.1 to

and compressional resilience of textile materials.,
(@]
Rees” employed a pressure ranze of 0.001 to 1.0

"2

investigations of methods for determining the

P.S.1. in his resilience test. mdelman in his
filling power of feathers, found that the most
relialble evaluation was obtained at the lowest test
pressures of 0.0006 p.s.i. and that little was
gained by higher compressional values. Takikawa
94
Alon, and wools under 50, 100 and 200 g./sqg. cm.
(i.e. 0.70, 1.41 and 2.82 p.s.1i,) pressures.

They found that the effect of maximui pressure was

and Kawamura measured the resilience of rayon,

very small if the compression time was zero.

The effect of maximum pressure, however, tegan to
influence the results when the mass of fibres was
compressed for a period of 2 minubes and over.

In the present work the pressure ranze of 0.001
to 1.0 p.s.i. was used, This appeared to cover
a reasonable ranse of pressures from the invesbti-
gation of resilience of fibtre-~fill point ol view.
1.2 Effect of Area and Thickness of the Specimen

The results showing the effect of
area and thickness of the specimen on the measurement
of resilience of fibre mass are given in Takle VI
a and b.
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It is clear from the results in
Tables VI a and b that the resilience of fibre
mass is independent of both specimen area and
thickness if tested under constant size presser
foot between a pressure range of 0,001 to 1.0
PeSels

Hach side of the smallest specimen
is equal to the diameter of the presser foot and
each side of the bizgest specimen is approximately
twice the diameter of the presser foot. This
provides a range specimen areas from 15 to 56
square inches, bearing in mind that the presser
foot (circular) area is 10 sg. inch., The
thickness of the specimens is remarkably constant
(Table VI a); this indicates the consistency of
the specimed preparations. Farther, it is to
be noted that the resilience measured at low,
medium and high pressures, 1.e, between 0,001 to
.01, 0.001 to 0.10 and 0.001 to 1.0 p.s.i. show
the same trend. It is concluded therefore that
from the investigated range any convenient area
for the gpecimen in such studies could be
employed. A gpecimen of 5.5 x 5.5 inch square
area was always taken as a ‘'standard specimen
area.'

When the effect of thickness of
specimen was studied (Table VI b), the thickness
varied from 1.1 to 4.4 inches and the area of
each specimen taken was 5.5 x 5.5 inches sguare.
To vary the thickness, thin layers of fibre are
placed on top of each other. It is clear that
increasing the thickness in this way does not
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affect the values of results. It can be seen
also from Table VI b that the maximum pressure
does not alter the basic trend in the results.
There is not much information
available as regards the effect of specimen
geometry on the resilience of fibre mass, It
is, however, pointed out by various workers that
the results depend on specimen preparation.
Finch76 stated that if the filre mass consisted
of partially matted and partially loose fibres,
the relaxation rate would be a reflection of both
these conditions, It was, therefore, necessary
to have the fibrous mass as homogeneous as
posgible. This according to Finch Wés accomplished
elther by opening the material on a power-driven
laboratory card or by opening it with hand cards.
Rees8 pointed out that the well opened fibres were
very sensitive to changes of pressurs, so that
precautions must te taken in determining bthe
initial volume of the fibre mass under the initial
pressure, Rees prepared hig test specimen inside
a Perspex glass cylinder, which he withdrew and
then placed the prepared specimen under the foot
of the instrument. By this method, he avoided
the friction between the fibres and the wall of
the cylinder and thus eliminabted its effect on
the results. Van Wyk:95 suzgested that the wool
should be teased out as thoroughly as possible to
ensure the random orientation of the individual
fibre. He found that the presence of lumps
ralsed the coefficient by as much as 32%.
delMaCarty and Dusenbury77 prepared samples by
tamping down small amounts of fibres from a
predetermined weight of wool into the area within
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a prescribed circumference marked on a board, unbtil
an even bulk density of the material was obtained
throughout . In this way, cylindrical specimens 2
inches in height were prevared, each specimen con-
sisting of four layers akout % inch thick. delaCarty
and Dusenbury claimed a good reproducibtility of the
results from the specimens thus prepared and no
special effects were produced as a result of com-
pressing layered specimen.

In the present work fibres are opened
thoroughly on a power-driven card (Shirley miniabture
card) and transformed into a uniform lap. From such
laps, specimens of required dimersions (area and
thickness) are obtained. As observed by deiaCarty
ana Dusenbury77, layered gpecimens do not affect the
results (Table VI Db). Since the fibre mass is very
sensitive to pressure changes and algo it is necessary
to fix the starting point, the fibres are coupressed
to 1.0 pes.i. for 10 seconds and then recovered for
1l minute under zero load, in order to get a definite
starting point always. It was pointed out by Van
Wyk93 That a random orientation cf fibres should e
used so as to avoid any orientation effect on the
results. It is believed that the carded fibre mass
is sufficiently randomly oriented for the present
work althousgh it is realised that specimens prepared
on a carding machine must possecs some dezree of
fibre orientation.

1.4 HEffect of Size and Shave oiwgyes§er Foot

Results in Table VII a and b show the
influence of presser foot size and nature (plane or

hemispherical compressing surfaca) on the meesure-
ment of resilience of fibres in bullk,
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The results in Table VII a indicate
the effect of the size of the presser foot in a
resilience test. As described earlier, these
involved measurement of the resilience of Acrilan
(2% 3d) fibre specimens of known weight and size
(5.5 x 5.5 inch square) under threec separate presscer
feet. The areas of the feset are 5, 10 and 20 sq.
in. It is evident from the results that the
resgsilience 1s not affected by the size of the foot.
Further, the results show that a similar effect is
obtained when the resilience measurcments are
carried out at either 0,001 to 0.01, 0.001 to 0,10,
0.001 to 1.0 p.s.1l. pressures. Thesc results are
consistent with thosc obtained using a constant
size of presser foot with differcent sizes of
specimen.,

77

interesting investigation to study the effect of

deiMaCarty and Dusenbury carried out an
presser foot size on resilience, maximum load and
secondary creep on the tulk sample prepared from
Targhee 60's card sliver, They used three presser
feet of 1, 3 and 5 inches in diamebter. delaCarty
and Dusenbury found that the ecffective volume of
fibres being squeezcd was greater than the volume
of fibres dircctly beneath the foot, probably due
to fibre-to-fibre entanglements. It was suzgested
that a constant arca should be added to the
compressing foot areas in order to achicve a
constant cowmpressive straess. “This arca incrcment
was independent of spoecimen diameter, provided that
the sample diameter was sufficiently greater than
that of the foot, and this area incraement decreascd
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with increasing degree of compression. The prescnt
research is not aimed at such a study about the

77

results, howcver, do not show any r¢lationship as

presser foot size, deliaCarty and Dusenbury's

regards the resilience and presscr foolb size,
wherecas the present results indicatc that the
resilience 1s independent of the footbt size.
(Table VII a).

The choice of the size of presser foot,
69
presser foot of one inch diameter in the measurement
of compressional resilience. Sax

170 7
91 76

, Robinson',
Fox and Schwarz’™, Finca' , and Skinkle7% used

generally has been arbitrary. Schiefer used &

presser feet of different areas ranging from L inch
to 7.5 inch diameter. #or the present work, it is
considered appropriate to use a presser foot of 10
square inch as the standard foot, because 1t allows
a reasonable gsurface area which 1is neither oo
large nor very small, Also; it is clear that the
size of foot does not vary the results,

When the shape of the presser foot is
varied it can be seen (Table VII b) that the
resilience of fibres determined under a plane
surface foot igs hizher than that measured under a
presser foot of hemispherical shape, This is
an expected observation and it is thought useful
to know how far the shape affects the results.

It is believed due to the fact that the volume of
fibres compressed with a plane surface ig more as
compared with the volume under the corresponding
hemispherical foot. The fibres which remain in
the centre are compressed to high compressions,
whereas those lying near the edge are compressed
much less, Consequently, both the force required
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to deform the fikre mass and its recovery behaviour
upon release of pressure are affected.
2, RESTLIENCE OF IIBRES

Using the standardised pressure-time
cycle (Table II) under a standard presser foot (10
sq. inch area), the resilience of all the fibre
samples (Acrilan, Terylene and Tricel) was determined.
These resulis are given in Tables VIII a to e.

TARBLF VIII a,

Acrilan
(%) Resilience as ratio of
thichknesses at following pressures
Code 0,001-0,01 0,001-0,10 0,001-1.0
No, Description of fibre DeSels DSl DeS. 1
Al Type - 16, 2" -~ 3d 80.5 73,0 63,8
A2 " 2" - 5d 86,0 74,2 69.0
A3 " 2" - 8d 88,0 79,6 70,4
Ad " 2" - 24 78,0 72,0 61,5
A5 " ar ~ 54 86,3 78,9 70.6
A6 " 2" - 15d 89.5 80,9 786
a7 v 1%/16" - 24 83, 4 74,8 65 o4
48 " 1°/16" - 54 84,5 75,0 66.5
AP " 19/16" - 154 85,6 76.5 68.5
TABLE VIII b,
Acrilan
AIO " 16, uncrimped 64.4 60.0 55.8
2" - 34
All " uncrimped 69.0 61.0 57,0
2” - Sd; P .9
Al2 " uncrimped 71,0 61.5 57,5

c?u -— 8d
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TABLE VIII ¢

Acrilan
(%) Resilience as ratio of
Description thicknesses at following pressures,

Code of 0,001-0,01 0,001-0,10 0,001-1.0

No, fibre D.8: T, D.S.%s D.S. 1

Al3 Chemically crimped 88.0 80,0 70.0
23" ~ 5%

TABL% VIIT d

Terylene

P1 Cotton type, 78.5 71,3 68.4
13" ~ 124

P2 Cotton tyve, 80,5 73.5 69.0
127 - 34

P3 Ri{lling type, 82,0 74,5 69.0
li;l_lr - 34

P4 Fi{lling type, 85.5 75,7 71,0
i~ 34

P5 Flax type, 86,3 75,8 70,8
241 < 44

Ps "ool type, 79.0 70,5 66,0
L - 34

p7 Wool type, 80.3 73,5 65.5
33" ~ 6d

P8 ool type, 86.0 74,0 71,0
42" ~ 104

TABLY VIII e

Tricel

T1 Semi-matt, 2" - 34 70,0 6540 58.0

T2 " 2" - 84 84,0 75,0 69,0

75 " 2ih - 414 66,4 61.0 56,0

74 " 5" ~ gidq 66,38 63.0 57,0
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5., RESILIENCHE AND INHARANT FIBRE PROPARTIAS RELalTONSHIP
As mentioned in the 1ntroduction the

main aim of this research i1s to establish orecisely

The relationship btetween the resilience of a fitre

mass and the inherent fibre properties. The pro-

perties considered are, length, denier, crimp, inter-

fibre friction, elastic recovery and modulus.

5«1 BStaple Lenzth and Denier of a ¥Fibre

TatleVIITa to e, show the values of
resilience for Acrilan, Terylenc and Tricel fibre
samples together with the average lenzsth and denier
of each fibre,

Since the samples of Acrilan fibres
available for this work possess very little
variation in the lenzth (i.e. 2 to 19/16 inch), bthe
discusslion is concerned uwore to Terylene and Tricel
Tibres regarding the effect of length on resilience.
In general it appears from.thé Table VIII a to e
that the average fibtre len,th does nol appreciably
vary the resilience of fiibres in bulk. In the
case of Terylene fibres (Takle VIII d) when con-
sidering the samples, code Nos. P2, P35, and PG,
however, there geems to te a very slight tendency
for the resilience to decrease with the increase
in length, It is to Tte noted that these three
fibre samples possess very nearly the gsame percent
crimp, inter-fibre friction, elastic recovery and
modulus (Takbles IX and X). The sample code No,
P4, althouzh ofi the same denier, is nobt considered
in the akove discussion tecause it has a high
percentage of crimp, so tend to indicate high
resilience., Tricel fibres also indicate the
same tendency if fibre samples code Nos., 11, T3
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and T4 are considered (Tsble VIII e). These
fibres possess nearly the same propertlies as regards
denier, crimp, friction, elastic recovery and
modulus.

Very 1little has been published in the
literature about the effect of lenzth on the
measurement of resgilience. Fox and Bchwar287
stated that the quality and staple length affect
the compressional properties. ‘-J;’inson6 found that
the resilience of magss of wool fibres increased as
the length decreages. The experimental result as
discussed above in case of Terylene and Tricel
fibtres appear to show some azgreement with the
results of Winson.

Demiruren and Burn&48 carried outb
more interesting and detailed study about the
measurement of resilience in relation to fibre
properties. Over a wide range of wools Gested
(29 wools), the resilience values obtained showed
a very weak dependence on mean staple length,
whereas the maximum load values appeared to Dbe
congiderably more sensitive to changes in fibre
dimensions. They obtained a positive correlation
tetween resilience and staple length (» = 0.380,
significant at 5% level). It should be remarked

Va4

. 4.8 :
Demiruren and Burns results that compressive load

here that delMaCarty and Dusenbury concluded from
served better to characterisc the compressional
behaviour of fibre samples rather than resgilience,
Further, deMaCarty and Dusenbury showed that there
is an inverse relationship between maximum load and
fibre length. The present results, however,
indicate no such relationship and it seems reason-~
abtle to conclude that there is no significant
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correlation bebtween fibre length and resilience
over the range investigabed.,

When considering the effect of fibre
denier (diameter) the results from Tables VIITI a to
e are plotted in Figures 10 Go 1l3. It appears
that the resilience is greater in the casc of the
thicker fibre, in other words the rcsilience
increases as the fibre denier increascs. This is
probably due to the fact that the fibres bend in a
compression test and the bending modulus varies
directly with the square of fibre diameter. Turther,
it is obscrved that the increase in resilicnce is
more pronounced when it is mzasurced between 0.001L
to 0.0l p.s.i., rather than at highor prassurcs.
These effects can be scen morce distinctly in the
case of uncrimped Acr%%an fitres (Figure 13).
)

differcnt horino wool samplces and found no

Van Wyk carricd out experiments on
corrclation between resisbtance to compression and
fibre diameter. This was an apparcnt confirmation
of his equabion derived to represcnt a relationship
between the pressurce (compressive load) and the
volume of the mass of fibres bteing compressad,

For this derivation, he assumed that the compression
consistcd only of tending the fibresy; twisting,
slippage, and extension of fibroes wore ignored.

The mass of fibrcs was treabed as randomly oricntcd
rods and consideration was zivoen to the number of
times cach fibre would come in contact with anothor
during compression, Turther, aftcr eliminating
the possible effect of crimp, Van wyk found a
positive partial correlation (0.435) betwocn
compressive load and fibrc diamctaor. Expcerimental
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results indicate that there seem to be a positive
correlation between fibre denier and resilience
and also appear to support the view held by Van
Wyk, who mentioned that an influence of fibre
diameter may be masked by crimping. The effect
of crimp in a fibtre during compression is discussed
later in detail.

Further, it is inberesting to note
the following researches. The results of Demiruren

48 showed an inverse relationship between

and Burns
the compressive load and fibre diameter., In the
case of resilience, however, thes obtained positive
correlation between resilience and diameber

(r = 0.%22, significant at 5% level when r = 0,507
or mMore). Rees8 found no signiiicant correlation
of compressional resilience with fibre diameter
among his five different cottons, He found,
however, that at higher pressures the finer the
cotton the greater was ite specific volume, that
is, at the same compressions the compressive loads
varied inversely with fibre diameter. Saxl95
found that with dry rayon flock, a hizgher denier
fibre was harder to compraess and recovered to a
zreater extent than a lower denier. Kolb gg_glgl
reported that compressional recovery ol Dacron
was not dependent on denier, but in this case
The maximum pressure used was very high

(100,000 p.geis).

It is now clcar that the available
information about the effect of fitre dimension on
resilience is somewhat cortradictory and there doecs
not secm to be general aszrcement . There are
protably two reasons for thisg (1) In such
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experiments the elastic modulus was nobt controlled
which is at least partially responsible for the
behaviour of fibres in compression, and (2) the
compressional regsilience is a property of the
fiktre assgsembly and factors such as inter-filbre
friction, crimp, are to be considered as well.

5.2 Fibre Crimp Characteristics

The crimp measurenent experiments
were carried out and the values (I percent crimp
in a fibre, uncrimping force and uncrimpilnzg cnergy
wags given in Taktle IX a Gto d. The values of
percent crimp are plotted azains’ resilience in
Figures 14 to 16 for Acrilan, Terylcene and Iricel
fibre samples.

TabLe IX a

Acrilan

Code Crimp Uncrimping force Uncrimping energy
No. (%) (g/d) (5.~ _inch/den. = inch)
Al 8.0 0.10 0.0017

A2 14,0 0.20 0.0036

AD 4.5 0.20 0. 0039

Ad 6.2 0.10 0. 0004

AD 11.4 0. 20 0.0019

AG 25 .6 0. 20 0,0048

A7 8.6 0.10 0,0012

A8 9,2 0.10 0.0015

A9 11.8 0.10 0.0021

TABLE IX b

Acrilan

Code Crimp  Uncrimping force Uncrimping energy
No. (%) (g/d) (z. - inch/den. - inch)

Al5 15.4 0.10 0.0002
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TABLE IX ¢

Ierylene

Code Crimp Uncrimping force Uncrimping energy
No. (%) (z/4d) (g = inch/den, ~_inch)
Pl 8.4 0,10 0.0022

P2 8.5 0,10 0,0055

P5 10.2 0.10 0.00357

Ph 14,8 0,20 0.0045

P5 15,4 0.20 0.0049

P6 9.0 0.10 0.003%0

P 8.0 0.10 0.0030

P8 12.6 0.10 0.0032

TABLE IX 4

Tricel

Code Crimp Uncrimping force  Uncrimping energy

No., (%) (g/d (g, — inch/den. inch)
71 6.0 0.10 0.00022

T2 135.0 0.20 0.0025

T3 ool 0.10 0.00018

T4 5.0 0.10 0.00020
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It is c¢lear from the results (Tables
IX a to d) that the fibre possessing a high percent
crimp, also has a high resilience, Further, the
results (Figures 14 -~ 16) indicate that the resilience
increases as the percent crimp increases up to a
certain value only, beyond which it has very little
effect. In the case of Acrilan fibre samples,
the optimum limit of crimp is seen quite distinctly
as 15% approximately (Figure 14). Similar results
to those of Acrilan fibres are obtained for
Terylene and Tricel fibre samples. The crimp in
Terylene and Tricel fibres, however, do not cover
the higher percentage (i.e. ﬁ&onﬂ 15%), but it
appears that there is a tendency for the resilience
versus crimp curve (Figures 15 and 16) to flatten
at about 15% value of crimp indicabing the same
relationship as obtained in the case of Acrilan
fibres.

Further, it can be seen (Tables IX
a to d) that the fibre which requires greater force
to remove crimp and also possesses high uncrimping
energy, shows high resilience, This effect is
seen very clearly in the case of Terylene and Tricel
fibres (Tables IX ¢ and d).

The present results clearly show that
the crimp is a very important property from the
bulk~resilience point of view, It seems likely
that the crimped fibre is straightened on compression,
i+e4 the crimp is removed, while on release of
pressure the fibre recovers because of the potential
energy (uncrimping energy) stored in it when
compressed. It should, however,; be kept in mind
that the compressional behaviour of a fibre mass
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also may depend on the inter~fibre friction and
modulus of the fibre,

The regilience increases up to &
certain value of crimp percentage (Figures 14 - 16)
only, the reason for it seems to be that beyond
a particular value of crimp (15% in the present
experiments), the crimp becomes so much that there
is hardly any room for the fibres to move in -
relation to each other during compression (or
recovery) due to high entanglement of fibres.

The resilience versus percent crimp
curves indicate the same trend whether measured
at low, medium or high pressures, i.e, Detween
0.001 to 0,01, 0.001 to 0,10 and 0,001 to 1.0 pis.ie
pressures (Figs. 14 to 16).

It i1s also evident that the resilience
of the straight fibres (uncrimped) is much lower
than that of the crimped fibres. This can be
seen if the values of resilience for the Acrilan
fibres, code Nos. AL, A2, A5 and A5, in Table VIII
a are compared with the corresponding fibres in
Table VIII b,

Demiruren and Burns carried out an
important investigation in an attempt to find the
effect of crimp parameters and other fibre

4.8

properties on the resilience of a fibre mass,

They found a simple correlation of 0.27 for crimp
depth to length ratio and 0.20 for crimp depth,
with resilience. Both these correlations, however,
were insignificant since correlation coefficient

of 0.567 or above were significant at Q.05 level.
Further, they found that only 31% of variations

in the compressional bulk resilience of wool fibres
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could be accounbed for by the variation in the
six inherent fibre properties (viz: tensile
strength, length, diameter, contour, crimp depth
to length ratio and crimp depth)., The tensile
strength had highest coefficient of determination
(16%) whereas crimp depth to length ratio accounted
for only 4% and crimp depth added very 1little bto
the cumulative relationship. This means that
Demiruren and Burns's results show a very weak
dependence of resilience on crimp, The present
results, however, indicate a high dependence of
resilience on crimp in a fibre, for all the
fibres of Acrilan, Terylene and Tricel.

The only other work which the author
has found as regards the influence of crimp on
resilience of fibres in bulk is that of Van Wykgs.
He pointed out that crimping may have a direct
effect on the relationship of resistance to
compression. Also, he found indirect evidence
to suggest that the number of crimps per unit
stretched length was a more relevant quantity than
the normal staple length. Van Wyk found a
significant correlation coefficlient of 0.55 between
the resistance to compression and nuuber of
crimps per unit length.

Further, it was attempted to see if
the nature of the crimping process (e.g. mechanically
or chemically crimped) has any effect on resilience
of fibre mass. The results in Table VIII ¢ and
Table IX b show that the chemically crimped fibres
possess as high a resilience as is obtained with
the corresponding normally crimped fibres (Table
VIII a and Table IX a), This is probably due to
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the almost same high percentage of crimp in both
types of fibres, It can, however, be noticed
that the chemically crimped fibres need a smaller
force to remove crimp and also have a lower
uncrimping energy as compared with normally crimped
Tibres.
5.5 Inber-fibre Friction

The results showing the effect of
fibre - to - fibre friction on the bulk -~ resilience
of Acrilan, Terylene and Tricel fibre gsamples are
given in Tables X a to e and are plotted in Figures
17 to 20. The TablesX a to e also include the
tensile elastic recovery and initial modulus
determined for each fibre sample,

TABIE X a

Acrilan

Elastic Elastic

recovery recovery

from 2% from 5% Initial
Code extension extension Wodulus Coefficient
No. (%) (%) (2/4) of friction
Al 90.7 71,0 24 0.28
A2 90.0 2.8 32 0,24
A3 95 .4 78,1 36 0.26
A4 ST 62.0 50 0,50
A5 88,0 07 .8 36 0.27
AG 92.0 68,5 40 0,24
A7 91.5 70.0 52 0,28
A8 93 , 4 70.8 36 0.25
49 95.0 . V2.1 38 Q24
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TABLE X b
Acrilan
Blastic Elastic
recovery recovery
from 2% from 5% Initial
Code extension extension  modulus Coefficient
No (%) (%) (g/d) of friction
A10 91.0 68.7 52 0.52
All 04.,8 70.5 56 0.29
Al2 94,9 7242 58 0.25
TABLE X ¢
Acrilan
Al 90.5 7240 55 0.25
' PTABLE X d
Terylene
Pl 92.0 5.0 20 0.19
P2 953 82.6 522 0.18
P5 86.2 79.9 50 0.20
P4 90.5 85.9 54 0.20
B5 95.0 85,2 32 0.20
P6 89.0 81.6 33 0.21
P7 95.0 84,1 34 0.20
P3 88.0 Els2 52 0,19
TABLE X e
Tricel
Blastic mlastic
recovery recovery
from 2% from 5% Initial
Code extension extension modulus Coefficient
No ., (%) (%) (g/d) of friction
T1 89.2 57.0 24 0.35
T2 95.0 72.0 28 0.25
T3 91.5 574 22 0.,%2
T4 94..0 58.1 24 0.50
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The experimental results (Figures 17
to 20) indicate that the resilience decreases with
increase in the coefficient of friction of the
fibre and there secems to te a linear relationship
between these two parameters, This effect can be
seen more precisely with straight fibres (uncrimped)
in Figure 20 since the crimp plays a more dominant
part in the resilisence resulbts, In these un-
crimped fibres the coefficient of friction varies
between 0,25 to 0.32 and the correspondinzg resilience
ranges from 64 to 7L per cent for the resilience tests
measured at 0,001 to 0,01 p.s.l. pressures. It is
an expected observation because during compression
the fibres slip relative to each other and when the
friction between the fitres is more naturally the
compression -~ recovery behaviour of fibre mass is
affected., These results, however, show the
magnitude of frictional effects in the casge of
resilience of fibres in bulk. Further, it will be
noticed from the results (Figuwres 17 - 20) that same
trend is obtained for all the fibtres of Acrilan,
Terylene and Tricel regarding reasilience and
coefficient of friction between fibtres, Usually
a surface finish of some kind is applied on the
fibres during manufacturing. This changes its
frictional behaviour depending on the nature of
the surface finish and the material, A more
detailed study in order to find out whether or not
it is possible to enhance the regsilience by reducing
further the coefficient friction of the fibres is
given in the Later Chaptery .

Further, it is noticed from Tthe
results that the resilience measured at low, medium
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and high pressures (i,e. 0.001 to 0.01, 0.001 to
0.10 and 0.00L to 1.0 p.s.i.) seem Go indicate
similar trends. This sugzests that within the
range of pressures investizated, the pressure
and maximum pressure in a cycle does not change
The trend as regards the influcnce of iibre
friction on resilience, in other words, the slope
of resilience versus coefficient »i friction of
the fibre curves remain nearly constant (Figures
17 - 19). However, in the case of uncrimped
fibres (Figure 20) it appears that the variation
in resilience with fibre friction is more pronounced
if the resilience is measured at low pressurcs
(0,001 to 0,01 p.s,i.)

There are no data published regarding
the effect of fibre friction on the compressional

938

and Van_Wyk95 pointed out the posgsilble importance

behaviour of the fibre mass, However, katsuo

of inter-fibre friction in such studies.
S8 flastic Recovery and smiodulus
Mgares 21 - 24 show the results of

Tensile elastic recovery measured irom 2 extension
and resilience of fibres in btulk for all the
samples of Acrilan, Terylene and Tricel fibres.

The correlation between resilicnce
and elastic recovery for the Acrilan samples
(Fizure 21) is weak and if the pcint for samplec
A4 is ignored (this samplc hag the lowcst percent
crimp), there is no correlation. T'or the Terylene
fibre samples (Figure 22), therc is no correlation,
For the Tricel fibre samples (Figure 23), Ghere is
no correlation (sample 2 which has the highest
resilience also has by far the highest percent crimp
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for this group). For the uncrimped Acrilan
samples (Figure 24) sample A1 has a lowor resilience
and lower clastic recovery than samples AU or AL,
but only under the lowest maximum pressurc used.

It is concluded that elastic recovery from 2
extension as measurcd here is not correlatced with
resilience.,

It should be remarked at this stage
that the recovery of a fibre is measured after
removing the normal crimp in order to avoid its
(crimp) effect and to assess bthe precisc effect
of single fibre recovery from extension, when thiss
fibres arc compressed as a mass, Also in thoese
instances, it is assumed that the recovery of o
fibtre measured from exbtcension and that oltailned
in bending arc the same, because the bending
recovery would bte more appropriatc to consider in
such cascs since most fibres arc beliceved to
undergo bending during comprossion. The same
argument applies to elastic modulus (initial
modulus) of a fibre.

When considering the sffect of
pressure, it is scen (Figures 21 - 24) that the
same trend (i.e. same slope of resilicnce vs clastic
recovery plot) rezarding resilicnce and rccovery
of a fibre is obtained, whcether the resilicnce
measurements arc carricd out at low, medium ox
high pressure (i.e. between 0.001 to 0.01, 0.001
to 0,10 and 0,001 to 1.0 pss.i.). In the casc
of uncrimped fibres (Figure 24), however, it
appears that in order to sstabligh a marked
difference among the fibre resilience, it is bebtor
to measure it at low pressurc range (0.001 5o 0.01
PeSels)
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The effect of elastic modulus
(initial modulus) of a fibre on its bulk-
resilience can te seen in Tartles X a to e,

These Tables show the initial umodulus of all

the fibre samples of Acrilan, Terylene and
Tricel fibres tozether with their elastic recovery
both from 2 and 5% extensions, I't might be
expected that the high modulus fitre would form
a more resilient mass. In the case of Terylene
fibres (Tables X d) there does not seem to be
any relationship between resilience and modulus
whereas Acrilan and Tricel fibres (Tables X a
and e) tend to show a relationship. The
uncrimped fibres azain do not indicate any such
relationship between resilience and modulus
(Tatle X b).,

The elastic recovery measurements
from 5% extensions are not taken into consideration
while discussing the possible effect of a fibre
elastic recovery on its bulk-resilience since
it is very unlikely that the fibres during
compression tetween 0.001 to 1.0 p.s.l. pressures
can be extended beyond 2%.

N

It has been poinved out by KaswellB
that there seems to exist a linecar relationship
between resilience of Tibremass and elastic
recovery of sinzle fibre. This sugzestion,
however, is empirical and is rather based on the

analysis of ReesS and Meredithal results on
resilience and elastic recovery.
29

_ Beste and Hoffman proposed that
the resilience has two aspects, viz. (1) Type and

(2) Extent. The former is characteriscd by the

¢
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stiffness (Young'®s modulus) and ‘*compliance ratio?
and the latter being ziven by ability of the

fibre to recover from deformation, They found
wool possessinz a relatively low modulus but

high compliance ratio and silk has a high stiffness
and compliance ratio, whereas Nylon shows low
stiffness and low compliance ratio, Further, they
found a linear correlation between the fibre
elastic recovery and crease recovery of fabrics
made from these fibres. The experimental results
cannot bte compared with those of Begte and Holfman,
However, it is clear that both elastic recovery

and modulus of the fibre ars requircd to determine
the bulk resilience of such fibre mass.
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4o MATHEMATICAL TREATWMEND OF THICKNESS-—-PRROSURE
RELATTONSHIP

As described in the introduction,
considerable work has been reported bto express the
compressional behaviour of textile structures and
fibre mass. In the present investigation the
possibility of expressing the pressure-thickness
relation by an equation is congidered,

The analysis of log,, (Thickness)
Versus loglo (Pressure) (Figure 25) curves bebween
0.001 to 1.0 p.s.i, pressurcs for each fibre sample
compression-recovery data of acrilan, Terylene and
Tricel, indicate that the results can be fitted to
the most commonly used empirical cxponential
equation ziven below

T = a ?b

where 'TY is the thickness of fibre
mass in inches, "P' is the pressure in p.s.i., taf
and 'b' are constants which are specific for cach
sample,

Figure 25 shows a typical 1oglo
(Thickness) versus log10 (Pressurce) plot between
0.001 to 1.0 p.s.i. pressures. From such plots
the slopcs of pressure-thickness curves are
calculated., The values are ziven in Fizures 26
to 28 in relation to the corresponding values of
resilience.

A close examination of pressurc—
thickness curve (Fizure 25) indicates that the
exponential relationship (T = a Pb) appears to
hold zood only when the thickness measurcments
are made hetween 0.004 to 1.0 p.s.i. pressurces.
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It is more true in the case of the compression
part of the curve which tends to deviate from a
straizht line at 0.004 p.s.i. pressure, Therefore
the rate of chanzge of Ghickness with pressure

d loglO (Thickness) _
as ziven in Figures 26 to 28

d logyg (Pressure)
is the slope of the straisht portion of the plot.

It can be seen clearly from the
rate of chanze of thickness with pressure curves
(Fizures 26 - 28) that the higher the rate of
compression with pressure the lowe:r ig the
recovery from that cowpression, in other words
the lesg is the resistance to compression the
poorer is the recovery, This is a very natural
result tut the manner in which each fibre sample
of various materials behave under compression Gest
is different. These results therefore show how
the thickness of samples of icrilan, Terylene and
Tricel vary under different pressures during
compression, Comparing aAcrilan and Terylene
(Figures 26 and 27) it is seen that the rate of
change of thicknesg with pressure in the case of
Terylene is slizghtly more,. However, the values
of resilience for Terylene and acrilan seem to be
much the same. In the case of M'ricel, the rate
of change of thickness with pressure (Figure 28)
is much smaller compared with both acrilan and
Terylene, Consequently thig makes the Tricel
fibre mass less resilient than both Acrilan and
Terylene,

Terasaki et g&Sl measured the
compressed heizht under various compression loads
with the cylindrical fibre assembly of viscose
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rayon using an Instron. They obtained the
following relationship
log H = a%¥ + D' log 4
where H is compressed height, and
Z 1g the compression load, a' and b' are constants,
The experimental results appear to
be in agreement with those of Terasaki et g&Bl.
Various other eguations have been

97

pressure-~-deformation curves for carded fibre mass

proposacd., liatsushima and wmatsuo obttained
and blankets. These curves fit in the equation:
B N i

P o= oo eL o

where P is pressure, x is deformatilon,
a'* and b are constants.
96
equations to represent compresgibility of a mass of
wool fibres.

e
Vaanyk)j and nggerts also derived

It is quite clear that it is hard to
find any one equation which can represent adequately
the relationship between pressure and thickness and
compressibility of fibre mass. The reason may be
that it is necessary to congider various obther
factors (e.g. inter-fibre friction, crimp, elastic
modulus etc,). These factors play an important
role when fibre mass is compressed,

For samples of Acrilan, the correlation
between resilience and compliance (as rcprescnted by
d logq, (Thickness)

)is high and the zame observation
d logy g (Pressure)

applies to the samples of Terylenc. The same line
cannot be drawn throush the dabta for toth Acrilan
and Terylene and the data for three of the Tricel
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samples fall in a distinctly scparate group, So
that there appsars to be no zgeneral rclationship
Letween resilience and compliance. However, the
threce Tricel samples which lic so far from the
remainder have the highest coefficients of
friction, Now friction would be expccted o
decrease toth resilicence and compliance and so
may account for the isolation of this group.

The observation that for a ziven resilience, bthe
compliance of the Terylene samples is greabter than
for the Acrilan samplces supports this hypothesis
for the cocfficlent of friction of the Terylene
samples, as a grodp is less than for the Acrilan
samples as a group. In other words, these data
support the conclusion that friction is one of
the important factors in the resilience of fibros
in bulk,
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5. COWMPARISON OF RESULLS wITH THOSw OF OTH.un wORK&RS

The resilience data on fibre masscs
are scarce and difficult to comparc, Lecauss The
values obtained by each investizabtor apply only
for a particular kind of fibtre mass and under
gspaecific test conditions. However, an attcmpt is
made to examine the data of Takikawa and Kawamura9Z1L
and ReeSS in comparison with the expcerimental
values for resilicence of acrilan, Terylcone and
Tricel fibre samples.

ReesB measured thoe resilience as the
ratio of encrgy returncd by the specimen,during
recovery to the encrgy rcequired to compress the
specimen and expressed it as a percentagc. In a
resilience test, he subjected the spcecimen to only
one complete cycle of pressurc chanjcs, that is,
the prcessure was gradually increased from a
minimun to a maximum value (0.001 to 1.0 p.s.is)
and then decrcasced sradually Tto thoe initial value
in the same order. The change in cach pressurc
was madce at an interval of 1 minutc. Rees
employced ten intermediabte pressures to reach the
maximum pressure of 1.0 p.s.i. from 0,00l p.s.i.
pressurec, He obtained the following valucs of
resilience for various fibres (Tablc XI).
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TABLE XL

Description of the Filbre:

Resilience
Name Source (%)
Cotton, Bengals After processing 5861
through Shirley
. analyser.,

Wool, 70's sliver 55,8
Kapok, Prime Java Bale 44,0
Silk, degummed

China 1st draft 52e2
Nylon waste Sliver 55.0
Cellulose acetate

staple Bale 4n.4

Hollow viscose staple Bale 50,7

Reesa calculated resilience as a
ratio of energies, and for comparison a corresponding
ratio has been calculated frow our compression-
recovery data. These values are given in Tables
XIT a Go c. '

In spite of the fact that toth #hAese
results and the present experiwental resulis are
obtained on different kinds of fibres and measured
under different conditions, it is considered worth-
while to try to draw a rough comparison. Thealove
results (Table XI) show that wool has the highest
resilience (55.8%) and viscose staple fibre the
lowest (30.7%). Nylon waste and silk have
resilience values approaching that for wool. The
cellulose acetate gtaple and kapok specimen have
resilience zreater than viscosc and lower regilience
than wool (44 .4%) .

It can te szen ifrom Table XII a to ¢
that the averazge valuc of resilience measured between
0.00l to 0.0l p.s.i. pressurce for scrilan is 41.%7%,
for Terylene 41.05% and for Tricel 54.,2%.
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Comparing ihe. results oftl Raes s veith
the present experimental results, it seems that the
reslilience values obtained by him ars higher than
ours. These two separate sets of values for
resilience should,; however, be rezarded as different
entities Tecause these values are obtained under
specific conditions and on particular materials
and are true in those cases only.

The other work on the measuremsnt of
resilience of fibre mass is that of Takikawa and
Kawamuragq. They determined renilience of various
fibres using an Instron tester and smployed the
following conditlons:

Compression velocity = 2 cm/min.
Iaximum pressure = 100 g/cm.sq.(1.41 p.s.i.)
Compression time = 5 ninute
Recovery time = 2 ninute

Area of presser: foot = 5 cu, square.
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TABLE XII a

Acrilan

Resilience (%)

Letween 0.001 Go
Code No. Description of the fibre 0,0l p.g.1,

Al Type ~ 16, normal crimp, 2" 3d 40,0
A2 : 3 21 33 44,0
A3 L 5 o' 8d 5
A4 2 5 v 24 38.0
A5 it i 2 54 42.0
46 X i 2it 154 46.0
A7 2 " 17/16% 24 38.5
A8 it 3 17/16% 58 41,0
A9 3 3 19/16% 154 41.5
AlO i urcrimp ed 21 3d 51,0
A1l 1 3 2i 54 3%,0
A12 g z 2t 83 36.0

Al3 Acrilan (EBxperimental) 2.57 5,54 44,0
chemically crimped
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TABLE XTTb

Terylene
(%) Resilience as
ratio of energies

Code between 0.001 to

No. _ Descripbion of the fibre 0.01 p.s,.i, .

Pl Cotton type, 1.5 1.5d 56.0

P2 " 1.5% 3d 58.0

P3 Filling Type,l.5% 5d 41.5

PY 3 ot/ni 34 43.0

P5 Flax Type, 215 44 4% .5

Po6 Wool Type, 2 5d 56.0

Py i Y 6d 41,5

P8 i Wi 10d 47.0

TABLE XITc

Tricel
(v) Resilience as
ratio of engergles

Code between 0.001 to

No. Description of the fibre 0.01 p.s.i.

T1 Tricel, semi-matt, 2% 4d 54.0

T2 A 2% 8d 4245

T3 i 2.5 4.,5d 50.0

T4 i 5% 4,5d 51.0
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The results of Takikawa and Kawamura?s94
experiments are given in Tabtle XIII. They also
calculated resilience accordinzg to the definition
of ReesB.

TABLE  XTILIL

Kind of fibre Resgilience (%)
Cotton, Bed clothes wadding 497.5
Rayon I, 3d 52.0
High Tenacity Rayon, 1.5d 4g,7
Alon I, 3d 5249
Alon II, Bed clothes wadding 5745
Acetate, 54 61.4
Wwool II, Aust 60fs, treated with 50% water 70.1
Polyester fibre, 3d 7545
Acryl fibre I, 34 A CO 577
4 TI, 3d T CO 58.9
d III, 3d, C GO 56.9
g IV, 3d C CO 68.9
B V, Bed clothes, Wadding, D CO 6%.8

Examination of Table XITT indicates
94
higher as compared with our experimental results
(Table XII a to ¢) on Acrilan, Terylene and Tricel
fikres,

that Taklkawa and Kawanura'®s results appear Go bpe
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CHAPTER IV

EFFACT  OF HUWLIDITY AND THLPERATURE

1., INTRODUCTION

iitres absort moisture from their
surroundings which in turn chanpes their physical
properties. The amount of moisture in a fibre nov
only depends on the chemical naturce zand molecular
texture of the material tut alsgso on the humidity
of the atmogphere to which 1t is subjected. The
quantity of moisture in a fikbre is measurcd either
as percent moisture regain or precent moisture
content. The surrounding atmosphere is specified
in terms of percent relative humidity and
temperature,

A consideralble amount of work has been
carried out as rezards the influence of humidity and
temperature on various physical properties of textile

105,106 measured regain

materials. Urguhart et al
(%) at different relative humidities for cellulosic
fibres; Hutton and Gartsidelo? and Hilllo8
determined regain for Terylene, Acrilan and other

09

wool at different relative humidities.,

man-made fibres. Speakmanl obtained regain for

The percent regain of the fibre at
constant humidity also depends upon the temperature
to some extent. fFor cotton, Urquhart and ?illiams62
Tound that the regain decreases as the temperature
increases excepting at vsry high temperatures and
humidities. Wiegerink ? debtermined regain for a
variety of fibres between 5506 o 15000 Temperature
and O - 100 (%) relative humidity and also found
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that regain decreases as the temperature is increased,
When stress is applied to a fibre its
regain is changed. In the case of cellulose,

110,111

Treloar found that the regain is increased it

the filament is subjected to a tension. On the other

112 that lateral com-

hand it has been shown by lkabthews
pression, such as would come from applying tension to a
twisted yarn, would lower the rezain.

The mechanical properties of the fibres
are affected by humidity and Temperature. MeredithB&
obtained stress—-extension curves for various fibres at
different relative humidities. Beste and Hoffman29
measured elastic recovery of fibres at relabtive
humidities of 60% and 90%. They found that at small
strains the elastic recovery was less abt higher
humidities but at longer strains it was greater for
most fibresg, The effect of temperature on the
initial modulus of wet fibre at btenperatures between
20°¢ and 100°C was investigated by Gubhrie®®.,  He
found that the modulus of viscose rayon dropped to a
low value as bthe temperature was raised. Similar
results were obtained for #ylon, Torylene and Tricel
fibres, King56 measured the friction for nylon on
nylon, wool on horn with different percent rezains
and found that fthe coefficient of friction increases
as the regain increaseas,

It would be noticed, however, that
very little has been known about the behaviour of
Tibre mass under different abmospheric conditions,
Therefore the present research ig underteken with
a view to study the effect of humidity and
temperature on the compressional resilience of
fibre mass. The important point here is Ghat
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when a person's head lies on a pillow, the
temperature of the fibres near the head will reach
approximately tody temperature (5506) and the
relative humidity may locally be guite high.,
2e DBXPARINANTAL
2.1 haterials

The followinzg fibres were used to

measure the bulk~resilience, Care was baken To
choose filbres which possessed similar specification
in order to draw a reasonabtle comparison among them.

TaBLe, XTIV
Staple Linear
Code length densit§
No. _ Descripbion of the fibre (inches) (denier
1 Acrilan, Type - 16, 2 )
semi-dull normal crimp
2 Terylene, Filling Type, 2 ;/4 5

normal crimp

fricel,; semli-matt, 2 5
normal crimp

W

2.2 Experiments

To simulate the end-use conditions of
fibrefill in pillows, quilts, mattresses, etc,,
experiments were performed at 45%, 65%, and 85%
relative humidities and 20°C, 20°C and 40°C
Temperatures because these were the most likely
conditions which could te created by the human body.
I'or each temperature, resilience tests were made
at all the three relative humidities.



For the measurement of resilience,
the specimen preparation, testing btechniques and
test condition experiments were made according to
the methods descrited in detail previously (ci.
Chapter II). For each type of fibre, three
specimens of 5.5 x 5.5 inches square, with their
weizhts determined so as to keep fibre mass per
unit area constant throughout, were prepared and
then tested for resilience in the usual manner.
2e¢5 Gallenkamp Conditioningzg Oven

The humidities and temperatures were
maintained and controlled inside a Gallenkamp
conditioning oven. The oven consists of an
insulated copper humidity chamber with a separate
control compartment., sccess bo the chamber is
provided by a door which has a window and two holes.
To these holes are fastened two long rubber zloves
which give sealed access for manipulating the
specimen tefore and during a test,. A motor driven
fan is provided to maintain the proper circulation
of air within the chamber.

The oven is desizned to maintain a
humidity tetween 0 -~ 100% r.h. and a maxinum
temperature up to 100°¢. The minimum temperature
inside the chamber would depend on the ambient
temperature., The appropriate saturated salt
solutions 115 are used in order to allow The
equilibrium inside the oven To be attained in a
minimum time in the case when the ambient humidity
is higher than that of the inside one.
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The oven is also provided with standard
wet and dry bulk thermomctcres to regulate The
gemperature and humidity cof the chamber, " An extra
pair of wet and drxy bulb thermomebtoers mounted on a
stand are kept near the test bumplb in order to
ensure a check on the observations. Percentage
relative hunidity is obkbtained from the standard
tables.

iy .L

To maintain the ‘equlrcd relative

humidity and temperaturc a Gallenkamp oven was used.
This oven controlled humidity between 45 - 1w to
85 - 1% rclativw humidity and temperaturce from
20° & 1°¢ to 40° * 1°C.  When the outside humidity
of the atmosphere was mere than that intended inside
the chamber, then in such cases appropriate salt
solutionsllﬁ were used to maintaln the propen
condition.
Since the cexisting door of the oven

was replaced by another door which has a window
and two glove parts in >rdev vo test a specimen
while maintaining any desircd conditions, this
caused an extra condensation of wabter particularly
at high temperature and huwmidity. For this

ason sufficient precautions were taken to wipe
off the moisture from the gloves while handling
the specimen inside The chamber during resilience
tests.
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5+ RESULLS aND DInCUSSION

5.1 Tffect of Humidity at Constant Temperature

The resilience tests were carried
out at 20° + 1°C temperature with the increasing
humidity at 45%, 65% and 85% r.h, This
procedure was repezted at 30°% ana 40°C temperatures.
All specimens were kept inside the oven over a
period of 24 hours for =ach humidity before
making the resilience measuremens . This was
done to ensure that the filtre mass had attained
equilibrium as regards its regain.

For each humidity cnd temperature
three tests (specimen) were made from ecach fibre
sample and their mean values debtermined. T'he
same bthree specimens were Gested at all
temperature and humidity combinations. After
each test, therefore, the specimens were re-—
prepared by hand and a sufficient time (24 hrs.)
was allowed in bebween each test in order to
make sure that all the fibres in a specimen had
sufficiently recovered from previous compression,

The resilience wag calculated as
ratio of thicknesses at 0.001 to 0.01l, 0.001 to
0.10 and 0.001L %o 1.0 p.s.l. pressures. The
results are ziven in Table XV a to c, f'rom
these Tables, resilience measured at 0,001 to
0.01 p.sei. (di.e. low pressures) was plotted
against humidity and 1s shown in Fizures 29
to 31,
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Tigures 29 to 31 indicate that the
resilience of fibres in bulk in the case of Acrilan,
Terylene and Tricel fibre samples, decreases as the
percent relative humidity increases. Thisg is
probably due to the fact that the elastic modulus
(initial modulus) of most man-made fibres is
reduced with the moisture and the fibre becomes
weaker which in turn seems to affect the resilience.
Meredith58 determined stress~exvension curves o1
various fibres at different relative humidities
and found that all the man-made Iibres become more
extensible at high humidities, the modulus becoming
smaller and the breaking extension greater, and
the fibres become weaker, However, 1t has been
pointed out by Morton and Hearlel14
which absorb little wabter, their properties would

that the fibres

not be expected to vary much with humidity.
Further, it is believed that the elastlc recovery
of the fibre conbtritutes towards increasing the
resilience of fibres in bulk. It follows Uhat
if the elastic recovery is increnscd it is quite
likely that the resilience may also increase and
vice~versa. Beste and Hoffman29 have shown that
the tensile elastic recovery from small strains
of most fibres decreased as the relative humidity
is raised. This suzgests that the resilience of
fibres may te reduced with an increase of relative
humidity, due to the possible decrease in elastic
recovery of a fibre from samll extensions.

Further, it seems reasonable to think
that the decrease in resilience with relutive
humidity (Figures 29 to 31) can be duc to inter-
fibre friction. The water acte as a lubricant and
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after a definite percent rezain in a fibre, the
coefficient of friction incrcases with increase

o6

coefficlient of friction in casec of nylon as the

of regain, King hags ottained an increase in
noisture regain is increased. Thercfore, it is
also possible in this casc that by increasing
relative humidity the coefficicnt ol friction is
increased which may be partially responsible for
the reduction in resilience at high humidities.

In the case of present results,
therefore, it seems likely that the resilience of
a fibre mass may Te reduced with increase in
relative humidity (Fizures 29 to 31) due %o
variation in both elastic propertics and inbcr-
fibre friction with humidity. It is, however,
not possible to conclude exactly which of the
two main properties (elastic or friction) affect
more in the case of variation in bulk resilience
with humidity, but 1t appears certain that Toth
these properties are involved in such studies.

It can 21lso be nobted from Table XV
a to ¢ that the resilience has been measured under
low, medium and high pressures, i.e. btebtween 0.001
to 0.0L, 0.001 to 0.10 and 0.001 to 1.0 p.s.i.
pressures. This was done to study the effect of
maximum pressure as regards the variction in
resilience of fibtres in bulk with relzbive humidity.
The resilience measured at low, medium and high
pressure show the same trend with humidity, in
other words the resilience determined at low,
medivm and high pressures decreases aos bthe
humidity is increased,



121,

Further the Table XV a to ¢ indicates
that the resilience of Acrilan, under low pressures
(0.001 to 0.01) is as high as that of ‘'erylenec atb
all the three relative humidities (85%, 65% and 45%),
whereas the resilience of Acrilan drops as compared
to that of Terylene at 45%, 65% and 85% r.h. in the
case of both medium and hizgh pressurc ueasurements.
It can also be noted that the rate of change of
resilience with relative humidity in the case of
Acrilan is more than Terylene as the maximum pressure
in a cycle increases.

3.2 FEffect of Temperature at Congtant Humidity

The results showinyg the influence of
temperature on the bulk resilience of fibres
(Acrilan, Terylene and Tricel) arc also prcscnted
in Table XV a to c. From these resulta The
resilience determined at low pressures (0.001 to
0.0l pes.i.) arc plotted in Pigures 32 to 34 with
increasing temperature at various humidities (85,
65% and 45% r.h.) for Acrilan, Yerylenc and Tricel
fibres.

It can te scen from these resulte
that there scems to be an incrsase in roegilience
with the increase in temperabture at 2 constant
humidity for all the fibres (Acrilan, Terylene and
Tricel), The similar behaviour is obtained at all
the thres humidities (45%, 65% and 85% r.h.) for
Acrilan, Terylene and Tricel (IMigures 32 to 34).
It 1s probably due to the following reasons:

Within the ranje of tempcrature
investizated (20°C to 40°C) it seems morc likely
that the moisture regain of a fibre is reducecd as
the temperature is increased at a2 constant humidity.
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This reduction in regain in turn perhaps increases
the resilience due to decrease in inter-fibre
friction. Urquhart and Williamslo5 have shown
that the moisture regain decreases as the temperature
1s increased at constant humidity for viscose and
other fibres, King56 has shown an increase in
coefficient of friction in the case of nylon as
the moisture regain is increased. From Ghese
observations it seems reasonable to conclude that
the increase in temperature reduces the moisture
regaing this in turn reduces the inter~fibre
friction. Consequently with the increase in
temperature (over the investigated range i.e. 20°C
to 4000) the resilience of fitre mass is enhanced.
It should e remarked, however, that the effect of
temperature generally has been studied in two
distinct regions, that is, at high temperatures
and at low temperatures. At hizh temperature,
the most materials btecome soft, more extensible
and also the recoverty Lehaviour is reduced,
whereas at low temperatures, some obther important
changes in various physical properties take place,
such as obtailned by Urquhart and William5105 and
King56.

The results in Table XV a to ¢ show
the resilience of fibres (Acrilan, Terylene and
Tricel) at low, medium and high pressures, il.e,
between 0,001 to 0,01L, 0.00L to 0.10 and 0.001
to 1,0 p.si. respectively. It is seen from these
results that the variation in resilience with
temperature ot all three humidities (45%, 65% and
85% r.h,) indicate the same trend irrespective
of the maximum pressure in 2o cycle, that is, the



resilience increases with the incrcose in temperature
over the investigated ranze. Further, 2 close
examination of the results show that the increase

in resilience with temperature is more pronounced

at high relative humidity as compared to low
relative humidity.

543 Comparison of Variation in Resilience with both

Humidity and Temperature for Acrilan, Terylene

and Tricel fibre samples:

When the relative humidity is increansed,
it can be seen from Figures 29 to 31 thit the
resllience decreases, the rate of change of resilience
with relative humidity is hizher for “ricel than
both Acrilan and Terylene, and Acrilan shows 2
greater rate of change as compared to Terylene, It
means that the resilience drops 2t a much faster
rate with an incrense in rel-ztive hunidity in the
case of Gricel, followed by Acrilon and Terylene
respectively, This appears due to the fact that
Tricel possesses 2 high percent reg2in, whereos
Terylene has o low regain and acrilan occupies on
intermediate position 2t any constant humidity,
Consequently, in the case of Tricel the variotion
in regailn with relative humidity would be more -s
compared with both Acrilan and Terylenc. This in
turn seems to affectthe rate of chongse of resilience
with relative humidity accordingly for 211 fibre
sanples.

Further, the results (Fisures 52 tc
54) showing the effcct of tempernture indicate that
resilience increases with the increasc in temperature
at a constant humidity for Acrilaon, Terylene ond
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Tricel fibre samples, From these results it is
clear that the rate of change of resilicnce with
temperature is much faster in the case of Tricel,
Acrilan and Terylene lie behind sccond and third
respectively. As hos been argued before whilce
congidering the influence of relative humidity,

it also coppenrs due to different percent regain
in Tricel, Acrilan and Terylene ond its varistion
with temperature in these fibres. which may possibly
account for this difference in the rotes of change
of resilience with temperaturc.
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CHAPTER V

SURFACE FINISH Oh fHE FIBRE

1, INTRODUCTION

It is o matter of coumon practice to
apply various finishes whencver it ic desired to
modify the surface properties oi the fibres.
Usually the cifect of such finishes is to vory the
inter~fiktre friction. The choice of thce finish,
however, decpends on the particulaor process of
menufacturing or end-us: conditions of the materizl,
For example, surface finish is applicd o the Iibrc
in order to eliminate static clectrificotion, in
separating fibres during carding ond in various
other applications in the ficld of Gextilcs,

The effect of lubrication (surfnce
finish) on the textile materinls during diffcront
manufacturing processce and for various purposes

have been reportced in the literzturellj. Van

yl«:% 98

of inter-fibre friction while considering the

and kiatsuo have pointed out tThe import-nce
behaviour and performancce of fibre csscemblics,

It is, however, not yet clear or properly under-
stoqQd how much the¢ fibre friction conbributbtes
towards the resilience of fibre mass. The aim

of this research, thereforc, is to =2pply = surface
finish to 2 fibre in various proportions to vary
fibre friction in order to investigabe preciscly
how much it is possible to improve the resilicnce
of fibres in bulk by varying the inter-fibre
friction.
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2. EXPERIMENTAT
2.1 Materials

Acrilan, 2 inch 5 denier, semi-dull,
normal crimp,Type~16, fibre was used for these
experiments. CWJ.157 surface finish. -~ 2 chemical
finish developed by Chemskrand Ltd.ll6 was applied
to vary the surface properties of the materinl.

2¢2 Apoplication of Finish

Since only Acrilan fitre with normal
finish level was available, it wos necessary to
remove the existing finish. This was done by
extracting the finish from the fibre using methanol
as solvent in 2 Soxhlet apparztus.

After extracting the existing surface
finish, the clustered mass of fibres was opened
thoroughly by hand so a8 Lo ensure the uniform
application of the finish.  The "C.I.15" finish
was applied from four different btaths. The
concentrations of thegse baths were D%, 10%, 20%
and 40%. The extracted fibtres were then dipped
in each of these babhs maintained 2t 30°C for n
period of 5 minutes in order to obtain the fibre
samples possessing different cmounts of percent
finish, During this period the fibres were
stirred constantly. Finally the fibres were
taken out of the baths, squeezed zently by hand
to remove the soaked solution of the “C.I,15"
finish, opened and dried in an oven ot 40°C for
24 hours. In this way four fibtre samples were
obtained which possessed different percent finish
level, In addition, a fifth fibre scuple was
taken which had no finish -t a2ll, that is, alber.
removing the existing finish.
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2.5 Determinabtion of Percent Finish

In order to assess the exact effect
0f the surface modification due to the surface
finish, it is necessary to measure the amount of
Tinish applied to the fibre, The method is
described belowlle.

Procedures

On an analytical balance, weizgh
5 =7 3. of fibre sample (wy) and a 300 ml. soxhlet
receiving flask (w,). Carefully place the g=mple
in the extractor a;d te sure that the top of the
fibre sample i1s telow the upper tend of the siphon.
Now add the methanol in the extractor care teling
taken so that the solvent does not siphon over.
Afterwards connect the extractor and receiving
Tflask to the condenser and add further methanol
through the condenser until the solvent siphons
over, Then add about 25 ml. more methanol.

Next, with the hot plate set at full
heat, extract the fibre sample with methanol for
about % hours after it starts to boil. End the
extraction with the solvent level in the extractor
as high as possible without having the methanol
siphon over., Turn off the hot plate and zllow
it to cool. Remove the receiving flask and take
it to dryness on a steam tabth. Finally remove
the flask from the steam tath, wine the outside
of it dry and place the flask in the oven set at
1050C for 1 hour. Then cool the flask in o
desiccator and azain on an analytical balance
weigh it (WB).
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Calculations:

The percent finish level is
calculated as follows ¢~
(%) Pinish level @ - x 100
1
where Wy = weight of flask and finish
Wo = welzht of flask

weight of fibre sample,

1

J
Vil

2.4  Experiments

Pive samples of Acrilan fibre
(2" 3d, normal crimp) with the following specifi-
cations were prepared (according to the method
described above) bto study the resilience of fibre-
mass in relation to the surface properties thus
modified.

Fibre samples with zero finish level,
il.es Just after removing the existing finish, and
also with surface finish applied from 5%, 10w, 20%
and 40% solution of the finish (C.F.15 finish), were
prepared,

The coefficient of friction of «
Tfibre and percent finish level was determined %o
characterise each of the prepared samples with
different amount of finish. The friction
measuremnents were made by an instrument, the details
of which have already been given elsewhere in the
thesis. The percent finish level was determined
according to the method given above in the earlicer
section. Three readings were taken for each
sample and the mean value of percent f£finish level
was calculated,
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To measure the resilience, three
specimens of 5,5 x 5.5 inches sguare area, with
their weights determined so as to keep the density
of fibres in the specimen consbant were prepared
and tested in the usual manner. The details of
these tests have also been given in Chapter ITI.

5. RESULTS AND DIL.CUSSION

The resilience of each fiktre sample
with different amount of finish was obtailned.
Also, the coefficient of friction of a fibre and
percent finigsh level of each sample was determined.
The results are given in Table XVI and then discussod.
5.1 Bffect of Inter-fibre T'riction

It is evident from Table XVI that
there ig a gradual decrease in the coefficient of

friction of a fibre as the amount of percent finish
applied is increased. However, this trend is
continued only up to a certain value of finish
level and beyond which the friction increases with
the increase of finish applied to a fibtre. This
is protably due to the fact that the frictional
force decreases with the application of any
lubrication only when it is applied in a definite
proportion. Purther increase oi either the
viscosity of the lubricant or the amount of
lubricant is likely bto increase the friction.

117

with more than 1% of oil applied, the frictional

Lyne found that in the case oi acetate yarn

force increases btoth as the oil content is increased,
and as the viscosity of the oil increases. The
coefficient of friction of Acrilan~l6 fibre is
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reduced from 0.4 with no surface finish on it, to
0.2 and it is believed that it is not possible o
decrease the value of coefficient of friction
farther down than 0.2, because this seems to be its
limit in the present case.

Figure 35 shows the effect of fibre
friction (as modified by the application of surface
finish in various proportions) on the resilience of
fibre mass of Acrilan-16 (2% 3d) sample., It is
clear from these results that the resilience
increases as the coefficient ofi friction decreases
and there seem to be a linear relationship between
them, Further, it is seen that same trend is
obtained as regards resilience and coefficient of
friction of a fibtre, irregpective of the maximum
pressure in a cycle during resilience measurecment.
However, there seems to be a slight tendency for
the resilience versus coefficient of friction curve
to bend at high values of friction, when the
resilience 1is measured at high pressures, l.e.
between 0.001 to 1,0 p.s.i., pressure.

3.2 Hffect of Finigsh Level

The effect of percent finish level
(i.e. the amount of finish applied to the fibre)
on the resilience of Acrilan-16 fibre sample is shown
in Figure 36, The resilience increases as the
finish level increases btut only up to a certain
value of finish level, Tteyond 1t the resilience
decreases, The reason for this effect seems To e
due to the variation in fibre friction, since the
point where the resilience starts to decrease
with the increase of finish level is the same where
the increase in fibre friction with percent finish
is noticed (Table XVI).
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It is reasonabtle to conclude from the
above discussion that 1f it is possible to decrease
substantially (below 0.2) the coefficient of
friction of Acrilan-16 fitre, then such a mass nay
possess a hizh resilience, It should, however, be
remarked that such a fibre mass may create some
extra probtlems while opening 1t on a machine like a
power~driven card. Since the fitres are usually
clustered and need opening tefore they can bte used
for filling and other similar purposes.
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CHAPTER VI 1234

SUr mARY AND CONCLUSIONS

- This research was undertaken with two
main aims: (1) to evaluabte the proper test conditions
for determining the resilience of fibres in btulk, (2)
to investizate which intrinsic fibre properties are
involved in a resilient filbre mass. Acrilan, Tery-
lene and Tricel fibres of diiferent specifications
(e.g. fibre lenzth, diasmeber, crimp, etc.) were usad,

A Shirley Thickness Gauge wag employed
for the measurement of resilience znd was conslidered
more suitable for the present work because it simulates
the end-use conditions of a fitrefill in pillows,
mattresses, etc. in which the load is defined rather
than the deformat ion. Also, it possesses the
advantage that the thickness of the fikbre mass may be
measured directly under extremely low pressures.

In an attempt to standardise the
resilience test, first of all the influence of Ttime
cycle was investigated. Tour combinations of time
cycle were used, namely, compression for 12 seconds,
1 minute, 1 hour and 5 hours with recovery for times
of 1 minute, 5 minutes, 5 hours and 24 hours
respectively. The main consideration in choosing
these time cycle combinations was Go see whether
the resilience measurad with short loading and
recovery times was the same ags Lthat measured with
longer loading and recovery times. It was found
that the resilience of a fibre mass did not vary

over the investigated range of compression-recovery
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times and That the resilience test could Le carried
out as a short time test.

The next staze of this work was to
study the effect of (1) pressure at which the
regilience was measured, and (2) the maximum prcesure
used in a compression-recovery cycle. Various
combinations of pressure were tried. It was then
decided to use a cyclic loading tetwaen 0.001 to
L,0 p.s.il. pressures; five load-racovery cycles
were employed in this range to reach the naximunm
pressure of one pound per gquare inch, The time
allowed for recovery under each load was twice than
that of the corresponding compression time. This
enabled the resilience to te measured at low, medium
and high pressure (i.e. between 0,001 to 0.01,
0.0C1 to 0.10 and O.031 to 1.0 p.s.i.) in the
minimum time,

Bxperiments were performed to
investizate the effect on the resilience of (1)
area and thickness of gpeclimen using a constant
area presser foot and (2) size and shape of the
presser foot.

The areas of the specimen selected
were 5.6 x 5.6, 4.5 x 4.5, 5.5 x 5.5 and 7.5 x 7.5
inches square, the smallest area having a linear
dimension equal to the diameter of the presser foot
and thus covered a fairly wide ranzge. "he effect
of the specimen thickness was investigated on 1,

2, 5 and 4 inch thick specimens of constant area
(5.5 x 5.5 in. sg.). The weishts of the specimeuns
were determined so as to maintain the density of
fibres in a specimen the same. It was observed
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that the resilience of a fibre mass was independent
of both specimen area and thickness if tested under
a constant size presser foot between a pressure
limit of 0.001 to 1.0 p.s.i.

When the effect of the size and shape
of presser foot was investisated, experiments were
carried out with three circular feet of 2.52, .57,
and 5.05 inch diametsr, i.e., plane compressing
surface of 5, 10 and 20 sq. inch area respectively
and with a fourth fool of hnemispherical compressing
surface, the maximw: diameter of which was egual to
that of the standard foot (10 =q. in. area). Fou
these experiments, specluens of 5.5 x 5.5 inches
gquare in area and avproximatzly 4 inches thick of
known welzhts were tested. The results showed
that the regilience was not affccted by the sizo
ol presser footb. as rexards the shape of the foot,
it was noticed that the resilicnce determined under
a plane surface presser foot was hizgher than that
measured under a foot of hemispherical shape,

After standardising the test condit ions,
the factors which are involved in the resilience of
fitres werc investizated, In the first instance,
the resilience of all the fibtre samples (Acrilan,
Terylene and Tricel) was determincd, Then the
following fibre properties were studied in relation
to thelr resilience,

(1) Fikre lenzbh (2) ILincar densibty
(3) Crimp characteristics (4) Inter fibre friction
(5) Tensile elastic rccovery (6) Tencsile modulus,

The staple length of Acrilan fibrus
ranged from 19/16 to 2 inch, for Terylene and rricel
fibres it varied from 1% to 4% inches and 2 to 5
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inches respectively, The results indicated that
there was no significant correlation between fibre
length and resilience.

Vhen considering the effect of fibre
diameter on resilience, linear density (denier) of
Acrilan (2 to 15 denier), Terylene (1) to 10 denier)
and Tricel (2 to 4% denier) were determined, It
was found that the resilience was _reabter in the
case of the thicker fitre, in other words the
resilience increases as the fibre diameter increases.
This 1s probably due to the bending of fibres in
compression, since the bending modulus varies
directly with the square of fibre diameter,

Crimp measurement experiments were
carried out and the values of percent crimp in a
fibre, uncrimping force and uncrimping energy were
calculated for each fibre sample. For Acrilan
fibres percent crimp ransed between 6.2 to 25.6,
whereas for Terylene and ''ricel it varied from
8.0 to 15.4 and 6.0 to 13.0 respectively. The
results indicated that the resilience increases
as the percent crimp increases up to a certain
value only, teyond which it has no appreciable
effect. In the case of Acrilan fibres, no further
increase in resilience was obgerved beyond 15%
Crimp. Terylene and Tricel fibtres also showed
similar tendencies. Further, i1t was noticed that
the fikre which required zreater force to remove
crimp and also possessed high uncrimping energy,
showed high resilience.

In an attempt Tto see if the nature
of the crimping process (e.g, mechanically or

chemically crimped) had any influence on resilience,
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it was found that the chemically crimped fibres
possessed as high a resilience as was obtained
with the correspondinz mechanically crimped fibrcs.

In order to investisabe the eifect of
inter-fiktre friction on resilience, coefficient of
friction between two identical fibres making a
single point contact was determined for each fibre
sample, The results showed that the resilience
decreases with the increase in the coefiicient of
friction of the fitre and there appears Lo be a
linear relationship between these two guantities,

The tensile elastic rcecovery was
measured both from 2% and 5« extensions on an
Instron tester employing a constant rate of
extension and conbtraction. From these btraces
the initial modulus of a fibre was also computed,
It was concluded that there was no correlabtion
between elastic recovery and resilicence. Also
the initial modulus resulbts did not indicate any
correlation with resilience.

The possibility of expressing the
thickness - pressure relationship by an eguation
was considered, The analysis of Log 4 (thickness)
Versus loglO (pressure) between 0,001 to 1.0 p.s.i.
pressures for sach fibre sample, indicated that the
results could be best fitted Tto the most widely
used emplrical exponential equation:s

T = a Pb

where "'' is the thickness of fitre
mass in inches, 'P' is the pressure in p.s.i. and
'a' and 't!' are constants,

%
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Since the fikres are hygroscopic
materials their mechanical properties are affected
by Loth humidity and temperatures. Therefore
the btehaviour of a fitre mass under different
atmospheric conditions was studied Zfrom the
resilience point of view. Iixperiments were
carried out with Acrilan, Terylene and Tricel
fibres at relative humidities of 45%, 65% and 85%
and temperatures of EOOC, 30°C and 40°C because
these covered the most likely conditions which
could be expected from the end-use considerations
of the fibrefill in pillows, etc. It was found
that the resilience of fibres in bulk decreases
with increase in relative humidity at a consbtant
temperature. The rate of change of resilience
with relative humidity was higher for Tricel
than btoth Acrilan and Terylene, and Acrilan showed
a greater rate of chanze as compared with Terylene.
when the influence of temperature was considered,
it was observed that there appeared to be an
increase in resilience with increase in temperature
at a constant humidity. In this case the rate of
change of regilience with temperature was faster
for Tricel, Acrilan and Terylene remained behind
second and thavd respectively.

The effect of surface finish on
Acrilan filkre was studiled in relation To the
resilience, Lthe 'C,F.15" surface finish - a
chemical finish developed by Chemstrand Limited
was applied in different proportion (with zero
percent finish and also with finish applied from
5%, 10%, 20% and 40% solution of the finish) to



vary the surface properties of the fibre. It was
found that the resilience increases as the amount
of finish applied to the fitre increases but only
up to a certain value of finish percent, beyond
which the resilience decreases. This was pro-
bably due to the variation in fibre friction which
was found to decrease with the increase in the
amount of finish on the fibre only to a definite
value and the further increase of percent finish
on the fitre caused an increase in the fibre
friction.
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APPENDTIX

A Comperison of Resilience obtained
by using a Shirley Thickness Gauge
and an Instron:

In the present resesrch, a Shirley
Thickness Gauge was mainly employed because it
simulates the end-use conditions of a fibrefill
in pillows, mattresses etc. in which the load is
defined rether than the deformation. Also, it
possesses the advantege that the thickness of the
fibre mass may be measured directly under extremely
low pressures, However, resilience measurements
were also made with an Instron tensile tester in
order to make a comparison between the two methods,

Eauipment

For measuring resilience on an Instron
a compression unit shown in Figure 37 was constructed.
The unit consists of e Square base of 10 inches side
mounted on the cross-head of Instron and & presser
foot of 10 squere inches area which is connected
by means of a rod to the load cell B, Initially,
the presser foot was loaded to the meximum presser
(0.1 p.s.i.) and the cross-head was moved first
upwards and then downwards in order to obtain a
compression-recovery trece for resilience Mmeasure-
ments. The specimen was placed on the base of the
compression unit directly underneath the presser foot,



Fig. 37. Compression unit on Instron Tester



.Exneriments

Resilience meesurements were performed
on the same specimens of Acrilan and Terylene fibres
as were used for similar studies using the Shirley
thickness gauge. Two compression-recovery cycles
from zero to 0,01 p.s.i. and from zero to 0.1 p.s.i.
were made and resilience was calculsted as a ratio
of thickness at 0.001 p.,s,i. pressure for both the
cycles (i.e. between 0,00l to 0,Cl and 0,001 to
0.1.p.s.i.). The fibre mass was kept under
compression for a period of 1 minute and then
allowed to recover for 2 minutes, A mechanical
conditioning cycle of 30 seconds compression and 1
minute recovery under a maximum pressure of 0,1
p.s.1. was used. The Instron settingsused were
as follows:

Gauge length = 2 inches
Cross~head speed
Chart speed

Full scale load

0.5 inch/minute

il

1.0 inches/minute

it

1 pound

Results and Discussion

The results of the experiments togethe
with the values of resilience obtsined from the
Shirley thickness gauge are given in the Tables
AVIT a. and b. For each sample three tests were
made and the mean values calculated, The low
pressure results from these Tables XVII a. and b.
are plotted in Figure 38. The loading-unloading
cycles for both the methods are shown in Figure 39.

X

r
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TABLE XVII a,

Acrilan
Code Shirley Thickness Gauge Instron Tester
No. Kind of Fibre (%) Resilience at (%) Resilience at
following pressures: - SJollowing pressures:-
0.001 to 0,01 0,001 to 0,10 0,001 to 0,01 0,001 to 0,1
p.s. 1. D.S8. 1. DeS. 7T, p.s.t.
A, Type-16, 2"-3d 80,5 73.0 86.0 79,0
A, "o 2n.34 86,0 74,2 88,0 80,0
Az ", ar-ad 88.0 79.6 90.0 82,0
A4_ o, 2"-24 78.0 72.0 84,0 78,0
-/15 " , a"-5d 86,3 78.9 88,0 81,0
4 "o, 2154 89.5 80,9 92,5 82,0
9”
/4 ——— g
A,/_, R 116 2d, 83,4 74,8 86,0 79,0
9”
A8 ", sz_é- ~54 8435 73,0 86.5 79.8
9”
" -z
AQ , 116 15d 85.6 76.5 88.0 80.0



v

TABLE XVII b.
Terylene
Shirley Thichkness Gauge Instron Tester
]f'rgde Kind of Pibre (%) Resilience at (%) Resilience at
) SFollowing pressures: - Sfollowing pressures: -
0.001 to 0,01 0,001 to 0,1 0,001 to 0,01 0,001 to 0,1
p.s.1. p. 8. 1. pP.s. 1. p,s.1.
P, Cotton Type, 1g"-l1zd 78.5 71.3 84,0 76.0
P, " "o 13Eg T 80,5 73.5 85,8 77,0
Py Pilling " , 13"-5d 82.0 74,5 86.0 78,5
P4 " v 2;%‘"—-3(1 85.5 75,7 90,0 80,5
Py Flax " , 23"-4d 86,3 75,8 90,8 80.5
P, "ool "o, 23"-3d 79,0 70,5 84,0 75,0
P, " "o, 3&'-ed 80,3 75,5 85.0 78,0

P8 " " s 5‘1‘”—1 0d 86,0 74,0 90,6 80,0



It is evident from the results in
Tables XVII a, and b, that the values for the
resilience of a fibre mass (Acrilan and Terylene)
measured on an Instron tester are slightly higher
than those obtained from the Shirley thickness
gauge., Further it is clear from the Figure 38
that the resilience of Terylene fibre samples as
measured by means of Instron is 5% higher as
compared to the corresponding values for resilience
obtained from Thickness gauge. In the case of
Acrilan fibre samples the values for resilience
measured with Instron are nearly 37> more than the
corresponding values of resilience determined by
Thickness gauge. In this instance, it should
however, be noted (Figure 38) that the samples
code nos. Al and ALF rather behave little different
than rest of the Acrilan fibre samples and
indicate a difference in the values for resilience
of about 57, Comparing the values of resilience
for Acrilan fibre samples with those of Terylene
fibre samples, it is clear (Figure 38) that
Terylene has slightly low resilience, The
difference between the values of resilience for
Terylene (5%) measured by using an Instron and
Shirley thickness gauge is more than that for
Acrilan (3%). This is probably due to the fact
that Terylene fibre as a group has a low
coefficient of fibre friction (0,20) than Acrilan
as a group (0,26). The high values for resilience
in the case of Acrilan as compared to Terylene,
however, are obtained because the Acrilan fibres
possess greater amount of crimp which undoubtedly
play & more dominant part in such cases.



The compression-recovery time cycles
are shown in Figure 39, In a resilience test,
the time required to reach the maximum load in the
case of Thickness gauge (30 secs. for low pressures
and 50 secs. for high pressures) is one third of
the time required for Instron (96 seconds for low
pressures and 180 seconds for high pressures),
whereas when considering recovery the same '
relationship between these two time periods is
not true because the fibres are made to recover in
twice longer period in the case of Thickness gauge
(180 seconds and 480 seconds at low and high
pressures respectively) as compared to time
required to unload the fibre mass on the Instron.
Further, it is to be noted that the fibre mass is
kept compressed for 60 seconds at maximum load
while using Instron. The recovery time allowed
at zero load is 300 seconds (low pressure) and
600 seconds (high pressures) when using Thickness
gauge ond 120 seconds each for both low and high
pressure cycle in the case of Instron tester.

The difference between the roetes of loading and
recovery and also the compression and recovery
times both at zero and maximum pressure in a
resilience cycle may probably account for the
slight difference in the values of resilience as
determined by these two instruments.

Further & close examination of
Figure 39 indicates that the recovery time (for
Shirley thickness gaugs 180 seconds and 480
seconds at low and high pressures respectively,
and for Instron 120 seconds each for both low and
high pressure cycle) perhaps dominates the overall
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recovery from compression which in turn affects the
resilience, Therefore, in an attempt to find out
the precise reason for the difference between the
values of resilience determined both by using a
Shirley thickness gauge and an Instron, resilience
measurements for three Acrilan fibre samples

code nos. Al’ A2 and A3 were carried out by Thickness
gauge and in these experiments the fibre mass was
recovered in one single step from the maximum
pressure (0.0l p.s.i. for low pressure cycle and
0,10 p.s.i. for high pressure cycle) to 0,001l p.s.i.
pressure. These values are shown in Table XVIII.

TABLE XVIIT
. Shirley Thickness Gauge . Instron Tester
Code (%) Resilience at following (¢") Resilience at following
No, pressures!- pressures! -
0.00I to 0.01 0,001 to 0,10 0,001 to 0,01 0,001 to 0,10
DPeS. 1. pP.S. 1. p.S. 1. pP.S.1.
AJ 87.5 80,5 86,0 79.0
Ag 88.5 82,0 88,0 80.0
AS 92,0 83.5 90,0 82,0

As expected the values for resilience
(Table XVIII) obtained by means of Shirley thickness
gauge are higher than those determined by using an
Instron. Therefore, it is clear that the difference
between the values for resilience as measured by
both these instruments is more due to the rate and
nature of recovery.



Further it 1is seen from the results
(Tables XVII a, and b.) that the fibre ssmples
(Acrilan and Terylene) can be ranked in the same
order from the resilience point of view by these

viit

methods and that the range of resilience velues for

the samples (78 to 89,.5% for Acrilan and 78.5 to
86.3% for Terylene) is greater when measured by
means of the Thickness gauge as compared with the
values of resilience (84 to 92.57% for Acrilan and
84 to 90,.8% for Terylene) determined with the
Instron.

It is concluded that resilience
measurements can be made with either instrument
(i.e. Shirley Thickness Gauge or Instron Tester).
The Instron, however, possesses the adventages
that it is quicker and is also more convenient to
use.
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Fig.8. Typical load-extension trace for elastic

recovery measurements.
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Resilience (%)

Fig.10. Resilience vs., fibre diameter
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Fig.11. Resilience vs. Fibre diameter
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Fig.,12, Resilience vs. fibre diameter
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Fig.i3. Resilience -.. fibre diameter
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Filg.1Lh.Resilience vs, crimp
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Fig.15. Resilience vs, crimp
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Fig.17. Resilience vs, fibre friction
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1ig.18., Resilience vs., fibre friction
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Fig.19. Resilience vs, fibre friction
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Fig.20. Resilience vs. fibre friction
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Fig.21. Resilience vs, elastic recovery
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Fig.2%. Resilience vg,elastic recovery
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Fig.2h, Resilience vs. elastic recovery

. . o—o—0O Low pressure
Acrilan(uncrimzed) b

x—X—X Hedium pressure

©—C—O High pressure

o
70 -
o
% o
: _ X
ot 60 + X
o .
@ o
& &
o
50 -
| | |
85 90 95

Flastic recovery (%)



Log,(thickness in inch)

Fig.25, Typical thickness-pressure relationship
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Fig.26. Resilience vs. compliance
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Fig.27. Resilience vs. compliance
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Fig.28 Resilience vs, Compliance
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Fig.29. Resilience vs. relative humidity
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Fig.30. Resilience vs., relative humidity
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Fig.31, Resilience vs. relstive humidity
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Fig.32, Resilience vs., temperature
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Fig.33.
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Fig.3L4. Resilience vs., temperature
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Fig,35. Fibres with various amount of finish
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Fig. 36. Resilience vs. amount of finish
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