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Preface

The low abrasion resistance of wool fabrics compared with many
man-made fibre fabrics is known to be a frequent cause of consumer
dissatisfaction particularly in pure wool suiting fabrics. Accordingly
this project was undertaken to attempt to improve the abrasion
resistance in order to maintain the quality image associated with
wool fabrics and improve their market competitiveness vig-b~vis
other fabrics.:

Although several workers have discussed the effects of
particular finishes on specific fabrics, very little systematic
investigation of the effects of chemical treatmen‘bé on the abrasion
resistance of wool fabrics has been carried out. ‘

In the current study the difference in abrasion rates of woven
wool fabrics composed of different structures hé,ve been studied in
relation to the abrasion resistance and other relevant physical
properties.

The work carried out in this thesis is divided into two parts.
A review of the literature is followed by a description of the
experimental work carried out..

The review of the literature summarises current views on the
general mechanisms and factors involved in abrasion processes Ior
textile fabrics and the effects of selective finishing treatments on
the abrasion resistance of wool fabrics. In addition details of the
abrasion testing conditions used in this work for determining fabric

abrasion resistance have been described.

The ‘experimental work is concerned with the changes in wool

fabric abrasion resistance produced by the following treatments:



(1) Application of polymer shrink-resist finishes by padding
and by exhaustion treatmen'{:s,
(ii) Treatment with organic solvents,
(iii) Treg,tment with ethylene glyc'ol at 1 5000, |
| (iv) Deamination and esterification,
(v) High temperature steaming (13000),
(vi) Dyeing,
(vii)’_ Wet abrasion.
Because of the great commercial importance of polymer shri‘nk—
- resist finishes for wool fabrics,the main objects of the experimental
work were to establish the effects of a range of polymer shrink-resist
finishes applied by conventional padding and exhaustion techniques on

the abrasion resistance of wool fabrics and the mechanisms by which

the abrasion resistance is improved.
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CHAPTER 1

THE ABRASION RESISTANCE OF TEXTILE FABRICS

Textile materials are used for many purposes, both decorative
and functional, and the appearance and handle play\.?, an important
role in the aesthetic appeal. Another consideration which is

becoming increasingly important is the serviceability of the fabric
with regard to wear.

,A‘pigh.abrasion resistance for textile materials is a very
desirabie property for almost all types of textile fabrics, and
considerable attention has been given by.fibre scientists and
textile technologists to the study of this property.

The terms "wear" and "abrasion" have often been used inter-
changeably to refer to the mechanical destruction of textiles both
in actual use and in the laboratory but, according to Peirce (1),
in consulting the Oxford dictionary: "wear is the condition of
being gradually imﬁaired in quality by friction" and Elder and
Ferguson (2) as well as A.S.T.M. (3) describe abrasion as:'The
progressive loss of substances from a material brought about by
mechanical actiordl Ball (4) comments as follows: "Abrasion, derived
from the verb "to abrade", very distinctly suggests a "rubbing off",
The word "abrasion" as an objective might properly be applied
therefore to those machines or tests in which rubbing is the only or
at least the major, characteristic.

The term "wear" is believed to be more closely assoclated with
the thought of the conditions surrounding every-day use and service
and implies the combined effect of several factors of which abrasion
or rubbing is only one, It is suggested therefore that "wear" be

considered to have a broader scope than "abrasion", and be used to



apply wherever other important destructive actions with or without
abrasion exist. According to Backer (5), "abrasion resistance
should be restricted in meaning to the ability of a fabric to
withstand.direct rubbing under conditions of intended use'. |
Hamburger and Lee (6) have also made a distinction between
"abrasion" and "wear". They define abrasion as the type of
destruction resulting from frictional forces on fabrics, and they
refer1£o the "rubbing away of fabric by attrition" which may occur

as a result of the friction of fabric on fabric, or fabric on an

external object,‘as well as the friction between fibres and dust |

or grit within the fabric. Skinkle (7) has also made a distinction
between "serviceability', "wear" and abrasion. "Serviceability"is
the length of life of a fabric up to its end of uéefulness, which

1s when one necessary property becomes deficient. "Wear" is the

amount of deterioration due to breaking, cutting, or removal of

fibres.

Factors causing these actions are:

1, Direct force on the fabric - never in normal wear, only
under abnormal stress.

2 Tmpact effects -~ important only in floor coverings.

3 Flexiné; or friction of fibre on fibre and yarn on yarn due
to bending of the fabric; this is ordinarily minor because
wear 1s slow except in sized or weighted fabrics.

Lo Abrasion:

(a) Friction of cloth on cloth occurs only locally E.ge &S
in the rubbing of the sleeve on a coat.
(b) Friction on external objects - probably the most

important factor.



(¢) Friction of fibres on the dust or grit in the fabriec,
which results in cutting of the fibres.

It must be pointed out that the results obtained on any
abrasion .tester are comparative only. In many cases, the order
of resistance of fabrics to abrasion is also the order of wear,
but in many other cases the order is different. The abrasion test
must not be considered purely as a measurement of serviceability,
the abrasion test is simply a test of the quality of the fabric as
to its;resistance to a combination of flexing and cutting of the
fibres and its results should be considered in connection with other
tests and not as a single criterion of the suitability of a fabric
for a given use. Those involved with textile testing should
continually keep in mind that abrasion is not the only factor
in wear, and that wear is not the only factor in serviceability.

Nevertheless, abrasion, according to Mann (8) and Tait (9)
is the most important single factor in wear and, for this reason,
many textile technologists have simplified the "wear problem" by
studying the resistance of fabrics to abrasion, rather than wear
in general. Abrasion resistance is difficult to define precisely
and cannot be expressed in fundamental units, because it is
determined by a complex combination of several factors, such as:

(i) The inherent mechanical properties of the fibres,

(ii) The structure of the yarns,

(iii) The construction of the fabrics ,and

(iv) The type of finishing treatment, .and the amount of

any applied finishing materials, In addition the ambient

conditions during testing are also of importance.



An account of the wear that occurs in service was given by

Clegg (10) who examined the worn structures of cotton fabric by
using fhe Congo Red staining method. This. investigation showed
that although textiles in service undergo a varying amount of
chemical deterioration through laundering, exposure to light, and

atmospheric conditibns, failure is mainly due to weakening of the
structure caused by mechanical break-down of the individual fibres.
The break-down is caused either by fibre abrasion, transverse
crackiné or by some gentle fibre abrasion and transverse cracking
occurring concomitantly.,

Stoll (11) after an examination of worn cotton articles
indicated that in normal wear the mechanical factors of actual
destruction and gradual disintegration can be divided approximately
into:

30% Plane abrasion,

20% Flexing and folding,

20% Edge and projection abrasion,

20% Tear and

10% Other mechanical actions.

It has also been found that the relative importance of the wear
factors can be of a very different order due to the specific
intrinsic properties of the fibre material, e.g. in viscose, and
viscose/cotton blended fabrics, the resistance to plane abrasion in
a wet condition and to flex abrasion in a dry state are the critical

wear factors in many applications. In the case of resin-treated

cotton fabrics, edge abrasion in connection with flexing and folding

1s of the highest relative importance for many uses. In the formation

of a hole apparently caused by plane abrasion, for example, other




factors may also have been partially responsible, such as tearing
or the uneveness of the fabric.

These analyses and deductions indicate consistently that as
far as mechanical disintegration of the fabric, yarn structure and
gradual breaking up of the individual fibres are concerned, the
following must be considered as major mechanisms of fabric wear:

(a) Plane or flat abrasion;

(b) Abrasion on edges, folds and projections,

(c) Abrasion by flexing and bending.

The mechanical reactions of fabrics to all three cohesive
forces (12), namely:

(2) Cohesion between the abrasive and the fibres,-

(b) Cohesion between contiguous fibres,

(c) Cohesion between the structural parts of the fibres

themselves,

It should be possible therefore, theoretically at least, to
predict the resistance of textiles to the various types of abrasion
on the basis of the inherent and geometrical properties of the fibre
material, the form factors of the yarn and fabric structures, and the
frictional forces between the fibres or fabrics and the various
abrasives, However in practice abrasion and wear are very comnplex
phenomene and so far only generalised approaches to the problem of
abrasion resistance have been made,

The detailed results of many studies in relation to fibre,
yarn and fabric variables as well as the effects of wet processing

are discussed in detail in section 1.4. et seq.



1.1 Fabric Abrasion Mechanisms

The resistance of a textile specimen to abrasion is not well
understood and the mechanisms are extremely complicated. Microscopical
examination of fibres and yarns indicates that fabric breakdown results
froms (i) direct fibre damage, (ii) displacement and removal of
fibres from the yarn, and sometimes (iii) by untwisting of the yarn
(10). According to Hamburger (13), abrasion is definitely a
repeateh stress application which is caused by forces of low magnitude,
He sugéested that there is a correlation between the abrasion resist-
ance of textile materials and the energy-absorption, because to resist
degtruction, a fibre must be able to absorb energy during the applic-
ation of the stress and release it afterwards., Generally on removal
of the stress, most qf the energy is released immediately and some
slowly with delay, the latter being called "creep", which may be
divided into two classes:

(2) "Primary creep", which is the recoverable portion of the

delayed deformation and,

(b) "Secondary creep", which is the non-recoverable portion,

The fundamental physical properties of materials govern their
ability to absorb and retain energy. Ideal properties might include
"perfect elasticity" or Ycomplete elasticity!", The material with
these properties may withstand many cycles of stress, thereby
resulting in a high resistance to abrasion,

Hamburger (13) considered the basic cause of fabric failure

from an interpretation of the load-elongation curves of

mechanically conditioned specimens, He listed the desirable properties

of materials subjected to repeated stress applications as being:



(1) Low modulus of elasticity,

(ii) Large immediate elastic deflection,

(iii) High ratio of primary to secondary creep,
(iv) Large amount of primary creep,

(v) High rate of primary creep.

Backer (5) later proposed a general mechanism of fabric abrasion
which differs fromthe process of surface attrition of rigid solids
because of the complex geometry of fabric surfaces, and the visco-
elastic properties of textile fibres. He believed that Hamburger's
analysis is valid only for forces acting along the fibre axis. He
concluded that the overall mechanism has three elements, the relative
magnitude of which depend upon the nature of the abradant, the fibre
behaviour in the fabric structure and the general condition of rubbing.
He recognised elements of (i) direct frictional wear (ii) surface
cutting and (iii) fibre plucking or slippage

(i) Direct frictional wear:

If the fibres inthe yarn structure are firmly held and

the surface of the abradant is relatively smooth, then

the surface of the fibres is subjected méinlyto frictional
wearT,

(ii) Surface Cutting:

Fibres will be cut if the abradant surface carries sharp
asperities. Such a cutting process develops a complex
stress pattern within the individual fibre which can lead
to fibre tensioning, bending or slippage in addition to

the damage caused directly.



(iii)

Fibre plucking or slippage

Plucking or snagging of fibres and yarns can take place
as the abradant traverses the fabric surface. If the

abradant is composed of particles which are large in

comparison with the fibre diameter, fibres will be pulled
out of the yarn or broken. Plucking will be more

pronounced when the normal forces between the abradant and
the fabric are large, because deeper yarn penetration will
occur,

Depending upon the forces exerted by the abradant and the
extent to which the fibres bound in the yarn, rupture on
first contact, slippage or repeated stressing can result.
Loosely woven fabrics containing low twist yarns, are

more susceptible to abrasion damage due to plucking than
tightly woven fabrics containing yarns of high twist. In
the latter, the fibres are more securely bound in the yarn

and, therefore, less accessible to the abradant.




1.2 Morphological Changes in Wool Fibres during Fabric Wear and
Abrasion testing,

It has been pointed out that the relationship between the
laboratory results obtained from various abrasion testers and the
actual weaf*performance of the fabric is often poor (14). Some
changes in fibre morphology during actual wear trials have been
observed (10,15), but there are few detailed results on the effects
of abrasion machines. Thus an understanding of the changes in the
fibre morphology that occur during abrasion would greatly assist in
the interpretation of the results of abrasion testing;

Anderson and Robinson (16) examined the morphological changes in

wool fibres during actual fabric wear and during abrasion testing.

Thelr investigations showed that fibre breakdown caused by actual

wear begins with removal of the cuticle, followed by fibrillation of
the cortex, often by longitudinal fracture at cortical cell-boundaries.,
The fibre thus breaks by transverse fracture of some cells in the

fibrillated regions. Fibre fibrillation has also been observed in

other studies (10, 15). With continued rubging, the fractured fibrils
are worn away and round-ended fibres are produced. ‘it was also
pointed out that fabric thinning in actual wear was caused primarily
by the production and removal of short fibre lengths from the fabric
and not by thinning of individual fibres (16); Scanning electron
micrographs of wool fibres damaged during normal wear are shown in
Fig, 1-5 (16). |

In the same study (16) it was demonstrated that laboratory

abrasion tests caused morphological changes in the fibres somewhat

different from those obtained in actual wear, In the Stoll flex-

abrasion test (11) where the fabric passes over a sharp metal
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Fibrillated fibre end Rounded fibre ends

Pig- 5
Tranasversely fractured fibre end

Scanning electron micrographs of wool fibres damaged during normal wvear
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bar, a fairly clean transverse fracture of the intact fibre occurred
ig. 6). There was no fibrillation or gradual thinning of the fabric
before fracture although a few fibres had been split longitudinally
(Fig. 7). Scale removal from the fibres also occurred. The Stoll
flat-abrasion test (11), in which the fabric is stretched over an
inflated diaphragm and rubbed against a stainless-steel wire mesh,

resulted in the removal of the cuticle, and extensive fibrillation
occurred befdre fibre fracture (Fig. 8). The fibrils were slightly
longer than those produced during normal wear.

In the Accelerotor test (17), the fabric repeatedly impinges
upon a corrugated metal liner and the walls of the chamber. The

characteristic features of the abraded wool fibres were fibrillation,

a small amount of transverse fracture, and the removal of cuticle
immediately adjacent to the fracture (Fig. 9 ). The fibrils wére
generally thicker than those occurring during normal wear.

The Martindale abrasion tester (18, 19) has also been used with
several abradants (18). When the standard abrasion fabric and a weight
of 600g were used at 20°C and 65% r.h., the cuticle was dam&gea in a
manner similar to, but less extensive than, that occurring in actual
wear, [Fibrillation occurred before fracture (Fig,105: but the fibrils
were slightly shorter and thinner than those occurring in actual wear
(Fig. 2 ). When a lighter weight (185g) was used, the fibrillation
pattern was again as shown in Fig, 10, but the cuticular damage was
more representative of that occurring during actual wear and the ends
of some broken fibres were rounded. Compared with the pattern obtained
at 20°C and 65% r.h., abrasion at 30°C and 85% reh. produced more
extensive removal of cuticle and longer less flattened, and less

splayed fibrils (Fig. 11). These are somewhat similar to those observed

in actual wear (Fig. 3).
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Fig, 6 Fig. 7

Transverse fracture Longitudinal splitting
in Stoll Flex test in Stoll Flex test

Fig. 9
Fibrillation in Stoll Fracture in
Flat test Accelerotor test
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Fig. 10 Fig. 11
Fibrillation by abrasion Fractured fibrils resulting from
(Martindale Tester) abrasion (Martindale Tester) against
against thg standard cloth the standard cloth at 30°C, 85% r.h.

at 20 C, 65% r.he

Scanning electron micrographs of wool fibres damaged in laboratory
abrasion-testing machines,
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Abrasion against nylon or cotton in the Martindale tester gave
the same patterns of cuticle removal, fibrillation, and fibril fracture
as occurred with the standard fabric (16). Fabric thinning in the
Martindale test, as in normal Wear, was caused by the production and
removal of short fibre lengths (Fig.12) and not by powdering the
wool, as reported elsewhere (18).

Anderson et al (20) in another study of the abrasion of chemically-

modified wool fabrics in the Martindale abrasion tester, observed

several other fibre breakdown patterns. Table 1 shows the
abrasion index of some chemically-treated fabrics that give different

breakdown patterns.

Rubs to form hole (end-point) in treated fabric

Abrasion index=
Rubs to end-point in untreated fabric

TABLE 1  EFFECT OF CHEMICAL TREATMENTS ON ABRASION INDEX

Treatment Abrasion Index

‘ | — N
Untreated x 1.0
Resorcinol-formaldehyde 0.4

Sodium dodecyl benzene . Y
sulphonate (S.D.B.S} 0.3

Trypsin 0.4

H * e

0 -Chlorophenol | . _ 1.8

*Rubs to form hole m wwlreated Fobric = 30,000
The reasons for the different patterns of breakdown during

abrasion testing of chemically-treated wool illustrated in Table 1
may be summarised as follows:
zi) Tfeatmenﬁ with cross-linking reagéﬁﬁs embrittled the |

cortex and caused the fibre to fracture rather than fibrillate

W‘iﬂl'ﬁ
1 .

N iﬁrﬁ’i’fjﬁf""’“ AT i gt
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Fig. 12
Untreated wool 'debris' on abrasion cloth
(in the Martindale abrasion tester)

2

Fign 14

Resorcinol-formaldehyde treatment, SDBS treatment. Shows fibrils
Shows brittle fracture, of various dimensions,

Fig. 16
Enzyme treatment. Shows . o=Chlorophenol treatment.
fibrillation at cortical-cell Shows random longitudinal
boundaries, splitting.

Figures 13-16

Scanning electron micrographs of fibres in chemically treated wool
fabrics after abrasion in the Martindale tester.,
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and hence a poor abrasion resistance resulted (Fig.13).
(ii) Treatment with an anionic surfactant, caused over-all
chemical degradation. The fibrillation and breakdown of
the fibres that ensued were similar to, but more rapid
than, the corresponding changes in the untreated wool (Fig. 14
(1ii) Treatment with a proteolytic enzyme (trypsin) reduced the
abrasion resistance and caused rapid fibrillation of the
corﬁical—cell boundaries probably by preferential attack on
the cell-membrane complex (Fig.15).
(iv) In treatments with o-Chlorophgngi apparent stabilization
of the usual fission planes takes place without damaging or N
embrittling the fibre., However fracture occurred after
random splitting along the fibre axis, so that the abrasion
resistance was in fact increased.(Fig.16x).
fleumuth (21) observed a loss of surface fibres, and also of the

T e ey e

scale structure leading to the development of polished fibre ends in

e, e Tiigullhge g
-MF-_'_'H\*

_..---"'"""-_

sShiny vorsted fabrics. This localised lustre or shine, which is-the

_Eggult_gﬂﬂxepgatqgﬂxubbiQgﬂg;ﬁggg&igﬂgéz&é}gnmin a garment, is

undesirable (22, 23). The areas of a garment that normally receive
T N

extensive rubbing during actual wear, i.e. the back,.’the knee, the
cuffs and other edges, are therefore thg first to gggigipfs ine..
In a more recent study (24) it wasdemoﬁs£rated that the
morphological changes in the breakdown of ﬁééllfibres are highly
dependent upon the relative humidi£y of the conditions during

Martindale abrasion testing. The types of fibre fracture during

abrasion testing were observed to be as follows:

(i) Completely fibrillated ends (Fig.17 )

(i1) Transversely fractured ends (Fig.18 )
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Fig. 1

Fig. 19 Fig. 20
Longitudinally split end. Rounded end,

Fig. 21
Fibrillated extended end.

Scanning electron micrographs of abraded wool fibres.
(in the Martindale abrasion tester)

—
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(iii) Longitudinally split ends (Fig.19)
(iv) Rounded ends (Fig.Z20),
Table 2 illustrates the percentages of the different

types of fibre breakage at various relative humidities. The
S — oy

influence of the humidity on the different types of fibre failure
WWW
',/'—N—"—_\%- —

1s obvious, with the transversely fractured ends clearly dominating
M" :

the low-humidity region. Both the transversely fractured and the

completely fibrillated ends dominated the high-humidity region,

although there were generally more of the latter. The third

significant type of fracture is the longitudinally split end,

which shared almost the same proportion at all humidites. The

rounded ends were usually the least frequent type, but the propor-

tion rose considerably at the lowest relative humidity tested (8% r.h.).
Wet abrasion, on the other hand, showed no completely

fibrillated ends, but another type of fracture was observed, namely

extended
the fibrillatedjend (Xig.21). This together with the longitudinally
split ends were the dominating types of fibre failure in wet abrasion

on the Martindale abrasion tester., The difference between the

completely fibrillated end and the fibrillated extended end are

#

that in the former the cuticle cells are not damaged*and the
fibrils are numerous, vary in size, but are mostly short and flat

with blunted tips. In the latter the cuticle cells are completely

removed to reveal what appear to be cortical cells.
1.3 Abragion Testing

Many methods for assegsing the resistance of fabrics to
abrasion have been devised; some of the more important methods are
listed below:
1) The Linra Wear Tester,

2) The Tabor Machine.,
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3) The Wyzenbeek Abrasion Tester,

Z) The Stoll Universal Wear Tester.

5) The T.B.L. Ring Wear Tester.

6) The B.F.T. Abrasion Tester (Courtaulds).

7)  The Martindale Abrasion Tester (WIRA Machine).

8) The Schiefer Machine.,
9) The Accelerotor.

Of these, the Wyzenbeek abrasion tester, the Martindale abrasion
tester and the Accelerotor are generally recognised as among the best.

The defects of the earlier testers have been eliminated in the

Martindale tester., It allows flat abrasion to be measured rather

more accurately than.the other test methods. In addition this

machine pggggggghmorphologlgﬂm#chggggghiggfgyges of fibre breakdown

wgiggﬁgggt_glnselyﬂsimulateffthoseﬂfoundﬂanﬂactgalnneaxﬁ(16).
l.3.1, The Martindale Abrasion Tester

This abrasion tester is designed in a very compact assembly,
four flat fabric samples being abraded simultaneously. The principal
object of this type of machine is to avoid preferential rubbing in
one direction., |

The apparatus consists egssentially of an abrading tablq whiph
is covered with the abradant and a pattern holder whicﬂ carries th;:
specimen to be tested. - The bulk of the aﬁﬁar&tus is made ﬁp of 1
devices for controlling the abrasive motions; and the pressure
between the sufﬁﬁces. | ,

A general V1eu of this machine is shown in (Fig.22), It céﬁéiéts
of a metal.plate (P) supported by three pillars A, B, C each of

which has a metal cup, with a ground steel horizontal surface inside,

containing a steel ball which can move freely in the metal cup.
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The cups are co-planar and the plate rests on the three balls
which result in the horizontal mobility of the plate. Three vertical

studs (D, E, F) are fixed each on a separate horizontal wheel. The
wheels are driven through gears from an electrical motor in such a
way that the tﬁo outer studs operate in the length direction at the
same number of revolutions per minute, and the centre one operates at
right angles at glightly fewer revolutions per unit, which causes the
plate (P)'to follow a Lissajous path (see Fig.23).

Initially the path followed is a straight line along ths

diagonal of the figure. Gradually the motion changes through a

— T

series of ellipses to a straight line which is now the other diagonal
of the figure. As the motion continues, it develops again “through

the same series of ellipses, which are, however, now described in the
opposite direction. This cycle of operation is repeated foras long as
desired. This type of motion has the advantage that the pattern under
examination is rubbed in all directions.

Four pattern holders (I, II, III, IV see Fig.22) can be bolted
to the plate P, in such a way that they are free to move in a vertical
direction. Each.battern holder (1.5 in. in diameter) is circular
and consists of three parts (A, B, C) as shown in (F;i.g.24). The
sample of fabric is placed over a circular support (B) which fits
exactly into a ring (A) which in turn, can be screﬁed into the main
body of the pattern holder (C).

It has been found that, to obtain a satisfactory tension, this

operation must be performed by pressing the holder crown against a
flat surface. It has also been found that the hardness of the
I \)J&ﬁ((/ pecimer/ (B) allows the abradant to pull the specimen out of the

pattern holdef; especially when a thin fabric is used. To avoid this
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Fig. 24 - The Martindale specimen holder,
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a very thin sponge is inserted between the specimen and the support,
although felt and rubber can be used as well., A lceded pattern holder
is shown in (Fig.25). | o |
There are four circular cast-iron tables, one for each pattern
holder (see Fig.26). On each table a felt cloth of 6 inches diameter
is laid on before the abradant. The abradant normally a cross-bred wool
fabric, with slightly larger dimensions than the felt fabric is laid
on the table, Finaily a heavy weight (W) as shown in (Fig.22 is
placed on it to hold the abradant in place, and then the retaining ring
is put over the abradant and screwed down.
1.3.2 Factors Affecting the Abrasion Resistance of Fabrics
The relative performance of fabrics in abrasion resistance tests
depends on the method of assessment. 'The results depend on:
(i) The nature of the abradant.
(ii) The softness of the reverse side of the specimen.
(iii) The pressure between the abradant and the#specimen.
(iv) The moisture content of the specimen and the hueidity
and temperature of the testing rooms.
(v) The relative speed between the specimen’and the abradant.
(vi) The di;ection'of rubbing. N |
(i) Nature of tlde Abradant
The main types of abradant that ‘have been used in the various
conventional test methode for-ebraeicn are- Garborundum or emery :
paper, fabric, aed hard metal.,hf J | |
Schiefer (25) examined varioue types of abradante including ﬂ L
emery paper, sand paper and silicone carbide uaterproof paper.,

With these abradants the fabric abrasion was primarily caused by

cutting and hence was very fast. These type of abradants are not
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considered suitable for evaluating the effect of various treatments on
the abrasion resistance of textile fabrics except for specialised
industrial applications., In addition the abrasive properties of
these type of abradants decrease very rapidly during each test.

The use of a standard fabric (a cross-bred wool fabric) as the

abradant gives a far better indication of the useful life of the fabric.

This type of abradant on the Martindale abrasion tester is shown (16)

to produce fairly similar fibre morphological changes to those found

in actual wear. This type of abradant was therefore employed in

carrying out the present experimental study reported in this thesis,
Hard metal is the most constant.form of abradant., Metal

abradants are practically constant in action and cause less cutting of

fibres during testing than carborundum or emery paper. The metal is

of course, far harder than the specimen being tested.

(ii) Softness of the Reverse Side of the Specimen.

L

The softness of the reverse side of the specimen must also be
taken into account, because it can affect the abrasion resistance of
the fabric, Different types of sponge, rubber or felt as supports
may give different abrasion resistance values. Thus it is essential
that the type of support is of the same type and quali%y throughout the
experiment especially for comparative studies.

(iii) Pressure between Abradant and Specimen

The compression of the fabric because of the load applied to
the test sample during abrasion testing will also affect the abrasion
resistance. For comparative studies, a ‘'standard pressure must,
therefore, be specified. . With an increase in the applied pressure

the fibres are fractured rather than worn, while the time required

to reach the end-point will be reduced. However this may not

simulate the conditions experienced during actual wear.
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(iv) Conditions of the Testirig Room

The conditions of the testing room must be approximately the
same throughout the experiment (relative humidity = 65 ks 2% r.h.
temperature = 2002 200). Changes in these two parameters, especially

relative humidity,are very important and it has been shown in the

case of wool fabrics (24) to have a considerable effect on the

abrasion resistance values,
The specimen must therefore be conditioned for at least 24 h

before and after testing, especially when measuring the fabric weight

1088.

(v) Relative Speed between Specimen and Abradant

Increased speeds of rubblng may leave insufficient time for the

e, o PR BT T A A

figfgg_gghggggggnmfxgm;the deformation, meking them_more affected by

the next stroke of the abradant-(26). An.increase ighghgmggggg_gg
rqﬂﬂ;gg;gigs_gggerates heat,.,but it is not known how this affects
the abrasion resistance results; for the Martindale machine however,

the speed is constant at 50 rubs per min. on the abradant area and

uniform abrasion would therefore be expected.

(vi) Direction of Rubbing
When _the direction of rubblng 1s altered with respect to the
Lt _respect to the

warp and weft direction major differences in the abrasion resistance of

textile fabrics have been noted (27). Yarns which lie in the surface

of the fabric, suffer maximum damage when abrasion takes place in a

direction perpendicular to their float length (28, 29), However, in

the Martindale tester where the preferential rubbing in one direction

is avoided, the entire surface of the fabric should suffer the same

degree of damage.,
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le3e3 Assesgment of Abrasion Damage (end-point
The end-point is the most important aspect for measuring the
amount of fabric abrasion. This determination depends upon an accurate
method of evaluating the amound of damage which has taken place. It
may be influenced by the judgement of the operator, and by the
difficulties in obtaining accurate reédings during the test.
The methods that may be used (30) to evaluate the-amount of
abrasion damage include:
(i) The visual assessment or microscopic assessment compared with
an unbraded*sample.
(ii) The number of cycles required to produce a hole, a broken yarn
or a broken strip.
(iii) The loss in fabric weight plotted against the number of cycles.
(iv) The change inthickness e.g. loss in pile weight,
(v) The loss in tensile strength, bursting strength or tear strength.
(vi) Change in other properties e.g. air permeability.
In the present work the appearance of just two broken yarns in
the whole of the sample area under test was considered to constitute
the end-point of the test., This criterion has been used in other

/

studies (31, 24) and has been shown to yield reproducifle results.
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1.4 Factors Determining Fabric Abrasion Resistance

The abraslon resistance of a fabric as mentioned earlier,
1s dependent upon many factors including: £ibre properties, yarn
an fabricﬂcoch finishes and the type of abradant
(5, 32, 33). Yor hydrophilic.fibres,.-the-amount-of--moigture..present._...
alag affects the abrasion resistance (32, 34, 35, 36, 37), and this
has been shown to be the case particularly with wool fabrics in recent
work by Nhan and Denby (24).

Although these factors significantly affect the abrasion
performance it is extremely difficult to place them in a meaningful

relative order of importance,

l.4.l Fibre Properties
ledelsl Fibre dimensions and morphological characteristics

Fibre characteristics, such as cross-sectional shape and
surface roughness, fibre dimensions such as length and fineness,
can influence abraslon resistance through their effects on the fibre
cohesion in yarms (12) and on the magnitude of the stresses and
strains developed in the fibres by abrasive forces. Deterioration
of yarn structure with poor cohesion will oc:‘.cur becauge of fibre
removal or displacement of even a few fibres (38). i.onger fibres
are usually more resistant to displacement than short fibres (39,
40, 41), because the longer fibres are firmly held either by
adequate twist, or by a closer interweaving of the threads. It has
also been shown (39, 40, 41) that fabrics made from filament yarns
are more resistant to abrasion than corresponding fabrics made
from staple yarn. The longer staple yarn fabrics have better
resistance than those containing shorter staple lengths (42).,

This suggests that fabrics made from combed yarns should be more
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resistant to abrasion than those made from carded yarns because
most of the shorter fibres are removed during the combing operation,
In addition, longer fibres make stronger yarns at equal twist and
count levels (Fig.27), so that fabrics made from these yarns
can withstand the application of periodic stresses more readily (43).
Although fine fibres form stronger yarns, it has been established
that, within certain 1limits (40, 44, 45), the resistance to abrasive
~ wear is better for fabrics composed from coarse fibres. Fibres which
are too thin are easily ruptured, because only comparatlively gentle
forces are needed to develop high levels of fibre stress. However,
fibre fracture occurs more readily during the bending of very coarse
fibres, becauge high strains are developed in the outer layer of the
bend (46). In addition, a reduction 'in the number of fibres 1n the
yarn lowers the fibre cohesion which ultimately affects the abrasimi

resistance.

More recent work on wool fabrics made from fibres of widely

varying diameter has shown (47) that this parameter has little

effect on Martindale abrasion-resistance-provided the fabrics are of
I e S -

similar weight and constructio;l.

Tt has been reported (44, 48, 32) that fibres which have flat,
elliptical, or hollow cross-sections favour good resistance to |
abrasive wear in comparison with fibres; of circular cross-section.
ledela2 Mechanical Properties of Flbres in Relation to

Abrasion Resisgtance

Experiments relating abrasion resistance to the mechanical
propertieé of the fibres have been conducted mainly on yarns, to
eliminate, &8s much as possible, the effects of fabric structure.

Abrasion performance could thus be related more closely to the fibre
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Fig. 27 The effect of staple length of equal twist and count
levels of secondary cellulose on yarn strength (43)
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material itself which may suffer by the progressive removal of
small fragments from its surface, l.e. by attrition, and also

by a process of general Internal disintegration induced by repeated
distortion (28). For filament yarns, this procedure is particularly
practical, since the maintenance of the yarn structure depends
primarily on the reslstance to breakage or damage of individual

filaments. However for staple fibres such as wool and cotton,

the effects of the yarn structure cannot be eliminated. The
abrasion of staple fibre yarns involves not only the rupture or
damage of individual fibres but also depends upon factors such
as,! twist, fibre length and interfibre friction. During the
abrasion process, the interfibre friction is very difficult to
agsess, but it is considered that it would exert an influence on
the abrasion resistance.

In spifa of these complicating factors, laboratory abrasion
studies have shown (32) that tensile, flexural, and shear properties
of fibres largely determine abrasion resistance, and of these,
the tenslile properties are generally considered to be the more
| impéri'.ant.

. lebeleRl Tensile Properties !

In numerous studies it has been suggested that there should
be a correlation between the abrasion resistance and wear of
different fibres and their mechanical propextieﬁ and it has been
shown that abrasion resistance 1is higher for fibres which have a
'jgreat‘er capacity to absorb work under conditlions of repeated.
astretching (39, 41, 49, 13, 50). This work absorption is measured
by the area'tmder the stress-strain curve after "mechanical

conditioning'of the fibre, i.e. after it has been repeatedly
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stressed and allowed to relax over a short period of time. The

work absorption after repeated stretching is always lower than
that obtained on the first extension, the reduction in work
absorption depending upon the fibre elasticity (32). It has

been shown that there is little reduction in work absorption for

fibres with a high elasticity, while fibres with a poorer elésticity

exhiblit greater work absorption losses.

Table (3) illustrates the mechanical properties of some
mechanlcally conditioned materials and the corresponding ranking
of the fibres in descending order of fabric abraslion resistance

(7, 33, 51). ~ o

TABLE 3

MECHANICAL PROPERTIES OF MECHANICALLY
CONDITIONED MATERIALS

Material 1Initlal Tenaclity Extension Work of Abrasion
Modulus at break rupture resistance
min per welght loss
g/tex z/tex (%) g/tex (%)

Terylene 380 33 40 1.9 745
Cotton 1200 40 10 1.6 b5
Viscose 560 24 25 0.6 29
Acrylics 270 2L 48 0.9 1.5
Wool 270 15 43 0 .4 L5
Polypro-

pylene 160 45 38 3.2 0.8
Acetate 280 12 28 0 .4. 0.7

Figures 28 (a~c) show the stress-strain curves for several

fibres before and after mechanical conditioning.

-
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Fig. 28(a) - Stress-strain curves of fibres before and after mechanical

conditioning.
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Mg, 28(b), (c) - Stress—-gtrain curves of viscose and acetate before
and after mechanical conditioning.
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conditioning decreases the initial modulus of elasticity and,
indeed the entire stress-strain relationship is altered. Abresion
resistance is related to the area under the broken lines in these
figures, representing the work absorption of the mechanically-
conditioned fiﬁres.

It has been established (32) that the capacity for work
absorption during repeated stretching depends upon: (i) strength,
(11) extensibility, and (1ii) elasticity. Fibres deficient in
these properties normally exhibit poor abrasion resistancs.,

Extensibility and elastiéity appear to be more important than strength,

— "

e.g2y, Zlass fibres are strong and elastic but, because of their

extremely low extensibility, they are easily damaged by abrasion (52).
As can be seen from figures28b and 28¢c , the work absorpfsion

of viscose and secondary cellulose acetate on first s%retching is

quite high, but high permanent set associated with the poor elasticity
of these fibres considerably reduce their capacity for work-absorption
after repeated stretching, and contributes to their relatlvely low
abrasion resistance. Wool, although a weak‘fibre , hag a high
.extenslbllity a.nd like viscose and secondary cellulo?e acetate,

exhibits high work-absorption on the first extension., Because of its
high elasticity, wool retains most of its ability to absorb work

after repeated stretching; hence, its abrasion resistance is quite
good despite its low strength, Caseln has a simlilar tenacity and
extensibility, to wool, but casein has a much lower elasticity, so

that it exhibits a much lower resistance to abrasion than wool

(see figures 29 and 30).
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‘Mechanical conditioning does not affect the tensile properties
of high tenacity multifilament nylon, to any significant degree as
may be seen in figure 28a, consequently, if the deformation is
repeated, the work-absorption does not diminish significantly.

This in part explains the absencé of severe destruction of nylon
fabric by repeated flex abrasion and is ultimately responsible for
its extraordinarily low abrasion damage, i.e. high abrasion resistance.

It has also been.shown.(41) that a staple nylon yarn which has
a lower tenacity and higher extensibility compared with a similar
miltifilament yarn is greatly affected by mechanical conditioning. -
This diminishes the energy necessary for rupture after the first
deformation., Therefore, the abrasive damage of a staple nylon yarn
is higher than that of a nylon multifilament yarn (41).

Although the work absorption of cotton on the first extensioﬁ
is low compared with most other fibres, the absolute reduction in
work—-absorption after repeated stretching is small compared with that
of viscose and secondary cellulose acetate because of its comparatively
low extensibility.

On the basis of the stress-strain curves shown in Fig. 29 and 30;
wool should be superior to cotton, while secondary celluloée aééta@e -
and cotton should have more or leaé equal abrasion resistance. But, on
the contrary, the abrasion performance of cotton is much better than
" would be expected from its work—ﬁbsorﬁtion'capacity. -Cotton,moreover
exhibits a bettér abrasion resista.néé tha.n woolq and 1is f;r suiaerior to that
of aécondary'cellgloée acetate (41). The very high ex¥ensibility of‘bsth:
secondary celiglose acetate and%ﬁ;l couldﬁe a.poésihie reéson.for tﬁéir
lower re_sisfca.nce to abrésioﬁ comﬁared with cott#on. iuthough tﬁe capaéity for

work-absorption is higher for both fibres than for cotton, the high
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extenglibility reduces the cross-sectlonal areas of both wool

and secondary cellulose acetate fibres, so that concentrated stresses

develop from small abrasion forces. This explanation is particularly
applicable to secondary cellulose acetate, where a high proportion

of the gtretch is non-recoverable. The disadvantage of high
non—-recc;vembla stretch is also manifested by the abrasion performance
of de-~crystallized cotton (53). The latter has an iﬁcreased
extengiblility but since most of the increased extensibility is non-
recoverable, the abrasion resistance of the decrystallized cotton

is therefore much lower than that of untreated cotton, In
accelerated laboratory testing, cotton fabrics treated with a resin
finish normally show a considerable loss in abrasion resistance,

The reduction in the abrasion resistance is not a consequence of
degradation of the cellulose that occurs when the resin is poorly
applied.(54)e It 1s considered to be mainly due to the result of
changes in the stress-straln properties of the f:‘lbrew (32). Chemical
cross-linking and resin deposition within the fibrils, between the
fibrils, and between growth layers of the cotton fibre, hinder
relative movement between these structural elements | (55, 56)., The
decreased mobility of cross-linked structural elemeﬁta decreases the
fibre extensibility and increases the elastic recovery, because there
is a lower tendency to form new forces of attraction resulting from
the movement of the structural elements from their old positions,
The strength may be reduced because the fibrils are less free %o
move into more oriented positions along the fibre axis. Consequently,
the capacity for work absorption, and hence the abrasion resistancg
of the resin~treated fibres is always lower than that of untreated
fibres (32).,
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lefelel.2 Flexural Properties
The development of a resistance to fibre bending, and the

tensile stress derived from the inter-~fibre friction are two
important factors determining the Internal abrasion damage resulting
from fabric f.:lex:ing processes (57). Quartermaster tests on the
flexing perform?ce of nylon and wool flags indicate the importance
of inter-fibre friction (5). Thus while the bending i-esistance of
nylon and wool are equal in performance, the effects of inter-fibre
friction tend to be negligible. This results in the improvement of
the flex life of the bending of nylon-wool flags. Tile use of
lubricants also suggests that the reduction of inter~fibre frictlon
would also improve the flex abrasion resistance of the fabric (58, 59).
Fibres with high elasticity (i.e. recoverable extenaibility) show
good bending registance so that the order of inherent abraslon
resistance might be somewhat similar to that for flexing endurance (32),
On the basls of flexing endurance, the abrasion resistance of
wool should be significantly higher than that of cotton and on a

par with that of nylon (58).

lofelele3 Shear Properties _

4

Shear stress is the result of forces acting peirpendicularly
to the longitudinal axis of the fibres. The resistance to shear
may become important when sudden abﬁsive forces are aI;plied or
fibre movement is restricted (60). It has bean argued (61) that
a balance between tensile and shear properties is desirable for
.reasonable abrasion 'reaiatance.* | Mbréover, the resistance *of cotton
to shear as reflected in its excellent knot strength, is said to be
a major factor contributing to ita low abragion damage. (62) . -The

spiral. molecular arrangement: in the cotton fibre ‘is believed to
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contribute to its good shear properties in that the orientation
of the fibrils is not completely parallel along the fibre axis
(63). Abrasion studies have indlicated that excessive lengthwise

orientation resulting from "overstretching® of fibres reduces

abrasion resistance (41).

Despite these arguments, it 1s difficult to visualise how
shear forces can be applied to a system of twisted fibres. It
seems likely that an attempt to apply shear to a twisted fibre would
result in changes in the torsional strain rather than in the shear

strain,

) Yarn Structure

It is well-known that increasing the diameter of a yarn
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increases the abrasion resiatance (9, 64, 65). Heavier yarns
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containing more fibres than lighter ones permit a better distribution
of the stress for a given load and also require displacement or

rupture of a larger number of fibres before attrition is brought

about. However, in folded yarns,.abrasion resistance is govemed by
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the number of plies as well as the yarn thickness. For example, it
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has been shown (39) that the abrasion resistance of a 2-ply yarn is

roughly flve times that of a single yarn of equal c;:unt Increasing

il

yarn ply results in greater fibre cohesion, which leads to a

reduction in abrasion damage.
’\VW

The thickness of the yarns, which are exposed to the rubblng
surface, effectively determines .the abrasion resistance of the fabrics
(66). For example, in sateen cloth, where.only one yarn system is .

predominantly exposed on either .surface of the fabric, it is
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advantageous to use coarser yarns on the surface to be exposed to
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abrasion, but no advantage is gained if heavy yarns are used-in the
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protected yarn system on the reverse side of the fabric, Heavy

yarns may not be effective in increasing abrasion resistance if this
1s measured solely in terms of changes in aurfacé appearance.,

Thicker yarns may not necessarily improve the flex abrasion resistance
to the same extent as the flat abrasion resistance. Higher strains

on fibres in the outside curvature of larger diameter yarns may

offset,‘ to somé extent, the larger mass to be abraded. It is very
important to maintain the uniformity of the yarms, because
degradation of individual weak places can cause breakdown of the
structure as a wvhole.

Extensive data on the abrasion resistance of different yarns
have been published by many workers (40, 13, 67). Hicks and |
Scroggie used the Tabor tester for testing yarns and plain weave
fabrics, and it was shown that the abrasion life diminishes in the
order: nylon > cotto:n > Wool > viscose >> secondary cellulose acetate
and casein fibres. This finding is based on the results obtained by
using different abrasion testing machines q.nd widély varlied fabric and
yarn samples., Ray (68), in his investigations on wet fabrics,
obtained a simllar order from flex abrasiox; tests, by using the
Stoll Quartermaster tester., Viscose and secondary ';ellulosa acetate
were found to-have the lowest resistance to abrasion followed by wool
and cotton, Orlon and Dacron, while nylon had the highest abrasion
resistance. Matthes (69) used th; T.H. Aachen yarn abrasion tester,
and found that viscose » cuprammonium and secondary cellulose acetate
staple yarns were leas :;.'esiat-ant. to abrasion than the corresponding
multifilament yarns. Suaich (41) obtained similar results using the
Tabor tester for viascose yarns. The reason for this may be that

individual staple fibres may project from the yarn surface and may
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eagily be pulled out or cut through. This causes a loosening of
the yarn structure which increases the attrition further if .
torsional and bending forces act up on the yarns.
l.5.1 Yarn Twist

The degree of fibre freedom is influenced by the relativé
amounts of single and folding twist in yarns. Hlgh twist levels
restrict fibre movement and low levels decrease fibre _ﬁSeg*jLL_\"i-L‘j.
Thus there should be a optimum twist distribution between these

M |
1limits for maximum abrasion resistance (40, 42, 66)., This is also

confirmed by recent work (47) on a series of woven plain weave wool

fabrics.

Although there is no evidence that the optimum twist for

strength and for abrasion performance are the same, the relationship

mmmhmm

between abrasion resistance and twist is, therefore, similar 1o that

between._tenacity and twist,

Table 4 shows the effect of twist on secondary cellulose
acetate yarn strength. The optimum strength is obtained at about

eleven turns per inch (t.p.l) beyond which a decrease in strength
is th&inedc(“) °

TABLE 4
The effect of twist on Yarn Strength

Yarn twist Yarn strenébh
(tep.i) (t/cm) (8)
11.0 (27.5) 257
15.0 (37.5) 246
'19.0 (47.5) B 230 )
23.0 (57.5) 214 I
27,0 (67.5) 197

(t/cm) = turns per centimetre |
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This dependence on twlst reflects the changes in fibre cohesion.

When fibre cohesion is high, the removal or displacement of fibres

due to snagging and friction is minimised. No further improvement

in fibre cohesion can be achieved 1f the twlst exceeds the

optimum value, possibly because the additional twist imposes additional

gtresses on the fi*bres (43)s The optimum lew}el of twist necessary

for a staple yarn is higher than that for a continuous multi-

filament yarn (40, 66). Moreover, the capacity of the yarn to

flatten or to rotate is reduced as the twist level is Increased (45).

Damage can be reduced if fibres can yield or slip under the surface

of a moving abradant. Thése fibre actions can be obtained by both

rotation and flattening of the yarns., If the yarn cannot flatten

or rotate, the abrading force is concentrated into a few areas and

breakdown occurs more quickly. ' On the other hand,if the yarn can

flatten or rotate, the abrading force is distributed over a much

larger area of the yarn, resulting in greater resistance to abrasion.
It is better that the firm binding of the fibres should be

achieved by a close weave structure rather than by a high twist

level., In fact, if the closeness of the intersections can do all that

is required, it is better that the yarn twist should be low rather
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than high; the reason for this being that the softer the twist, the

more readily the yarn can be flattened and so present a larger fibre

surface to share in the resistance to the abrasive action (43).
le5.2 - - Yarn Crimp

Yarn crimp is one of the important factors determining the
abrasion resistance of a fabric, Crimp is calculated by measuring
the difference ‘between the Lprojection of the yarn length in. the
fabric and its length after it has been unravelled from the cloth

and then straightened. The amount of orimp present in a yarn

f



determine'a the extent to which that yarn will rise above the fabric
plane. Because abrasive degradation usually occurs first at the
surface of a fabric, the projection of a yarn or set of ﬁms to

the fabric surface increases the abrasive damage to those yarns (66).
Thus, the balance between warp and weft yarn crimps often determines

which set of yarns will be preferentially damaged and to what degrese.

In a plain woven fabric, the highest degree of abrasion resistance
wvould probably be obtained by having the same yarn size, yarn crimp,
and thread count in both warp and weft directions. This type of
structure would give the most even stress distribution across the
largest number of yarn .crowns, thus decreasing the localized load
at any one point., When the crimp balance shifts so that one set of
yarms contains more crimp than the other, the set cont.aining the most
crimp rises further out of the fabric plane and sustains the first,
and usually the greatest, amount of damage. The other set of
yarns will be protected until the crimp crowns o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>