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civilian, industrial and military fabrics 's cne of the nost
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economical ways/conserving raw materials, credustion, capa-

“eity, and manpower, all of which are critizal in times o

national emergency.

Illustrative of tle savings Lo bs realized are

Quartermaster items for which definite data bhave already beeh
2atablished on ﬁhe basis of comprehensive field, cumbatvcourse,
and laboratoryievaluatians; For exampls, combal course ev%lua—
tions of fa%igue uniforms have shown that a warp satzen of a
ce;tain balance in yarn cdunt and texture, wofn with the
filling side out,‘may)be constructed to hawe up te 170 per cent
more weaf resistance than Arm& herriagbone'twill. Almost a

N

threefcld increase in wsar resistance over the herringbone
g

twill can be expected by the admixture cf 25 to 50 per cent

1




‘mylon stapie in the filling warny, which in this wear

resistant sateen ronstructicon protects tis stress-besaring

Warp yarns.

Data walch have beep secured in cur studiss

indicate that,  corservativaly sstimatel, 2 20 ner 2oni
¥ ] ; i

increase in wear life may ve effected in many commercial
cotton fabrics similar to that accomplishied in the fatipue

uniform fabric without using better raw mterials, or
special finishes, or rsquiring additional production
capacity. Per billion yards arnaal consunption of coitton

apparel fabrics, in which wear resistance is a definite

requirement, & 20 per cent increase of weuar resistance is

~equivalent to a sawving in replacemeant requiremsnts of one

hundred and sixty million pounds of cotten, & oiilion

spinning spindle hours, and 5 million joor hours

In the fieid of wecl febries, similar Improvements
in wear recistance should be feasible through modification

of constructions and limited utilization of high strength

fivers. Major consideration is being given to this phasa

of cur wear resistance program, although actaal

dates are

not presently availablie,

Qur studies on wear resistance bave now roached

s point where 1t 1s possible to gain basic information on
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. the servics actions and fabric reactions which produce wear,

and furthermore to uncover principles whirh must be observed

.

in developing and manufacturing more durable fabrics., e

N

are presenting data here-today on the mechanism of wear and

on the effect of yarn and fabric construction characteris-
tics, in terms of parameters which are readily applicable
for the engineering of fabrics with improwed wear resistance.

*

"What causes wesr in textile fabrics?

Much has been sald on the complexity of weér'aﬁd
the multitude of obscure factors contributing to the mechani-~
cal failure of fabrics. Tﬁéfefowe;‘it may sound rather = .
paradoxical po S@ate that the mechanism of breakdown in

o

fabrics is substantially the same regardless ol fiber type,
yarn and fabric construction, finish; and end use. This,
however, has been indicated by exhaustive microscopical

examination b&ICLEGG in Ehglaﬁd of hundreds of w@worn textile
itémsland also by our own comprehensive correlation studies’
of a large number of fabrics subjected to normaljservice
wear, accelerated Combat Course wear, and laboratory wear,

These investigations showed that primarily bending and

flexing stresses cause a tLransverse cracking of individual

fibers which gradually leads to the formation of holes at

o
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'piaces of concentrated wear, or to the production of tears
and Spiits in places whereApaftial fiber Lreckdowr has
weakened the yarns, maldng them susceptible to tearing and
snagging forces. Chemicai‘and‘photochémical degradation
reduce the resistance of the individual fibers to these
bending énd fleiing forces, thus accelerating the breakdown
‘of the fabrics. Tensile stresses or éurf&ce attrition on
fabrics do not appear to be major wear factors. Corisequently
breaking sﬂrength and elongation as well as resistance to
surface abrasion have been found to be unrelilable parameters
for the characterization of the wear resistance of fabrics
varying in fiber quality, varn construction, texture or
weave,

~Are reliable methods available for evaluating wear resistance?

Since 1942 the Quartermaster Co:ps has conducted
field and aécelerated field tests for determiningvthe wear
lifé of uniforms. A special proving ground, the "Combat
Course" at Fort Lee, Va., was established hy the_Qhartern
master Board, for the evaluation of military textiles., Later
it was adapted to préﬁide a basis for the development of
adequate laboratory techniques for wear testing (Ses Figure
1). Experience gained in these tests have indisated that
mahy chances of error ére possgible in the execution and

evaluation of service wear tests. Only if properly designed
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.will service tests supply data which are acrurate and

representative. For this réa?on; standard procedures
have had tc be deﬁelqpedhby the Quartermaster Board on a
statistical basis fogf;epresentative selection of‘test
subjects and %est conditionég for sampling, and for the
recording, Scbfing, and evalﬁation of observations.

With the adoption of statisﬁically designed tests
‘it has been possible .0 obtain reliable service test results,
The next step hés been to determine the relationship between
normal service wear and accelerated comba’ course wear;
Figure 2- shows that the siopé.characterizing the progress
of wear under conditions of actual use is not significantly
changed by the aéceleratibn of wear produced by the moré
severe conditions of the cémbat course., One cycle on‘the .
combat course consisting of two traversals and one launder~
ing produqes a'wearing effect equal to l~l/2 t;mes of that
obtained in one week wearing under recruit training condi-~
tions plus one laundering. Thus; the combat coufse evalua-
tion nﬁt onlv produces comparative data on the resistance of
a fabric or garment to accelerated wear, but makes it also

possible to predict wear resistance in terms of duration of
7

useful life under regular service conditicns,

After numerous attempts, mostly unsuccessful, an

adequate method was found for the laboratcry evaluation of




'tﬁe resistance of yarns and fabrics to complex mechanical
wear. 'This‘method essentially consists of a flex abrasion
test in which yarn or fabric specimens ar: gracdually dis-

- integrated by bending and abrading around a thin bar/under
precisely controlled cbnditiohsg Based oa the number of
cycles fequifea to rupture the specimen and the unit Wéight

of the sample, a flex abrasion index is calculated by the

following formula:

Flex Abrasion Index = Cvcles to Rupture ¥
) Cycles tc Rupture Jontrol

x Weight of X
Weight of Control .

Figgfe 3 illustrapes the correlatiorn which has
been found to’exist betweén this Flex Abrasion Index and
the Co@bat Course wear score, The test Aaterial in_this
series were fabrics differing in yarn qualiﬁyaytextures
weave, and direction of exposure to wear, No other single
fabric characteristic or cqmbination of several physical
characteristics determined in the course of this study
approached the flex abrasion index in this respect. In

other tests carried out under wet conditions, the flex

abrasion data proved to be significantiy associated with

—b




., the behavior of fabrics under actual laundering conditions.

4s has already been irdicated, resistance to
surface attrition and_tear strength appesr to be wear
factors of secondary impdrtance= Acéordinglyb they should
also be ccnsidéred in prédicting wear résisuance, but with

a lower relative importance than the fle> abrasion results.,

Te carry out these laboratory wear tests under
precisely controlled conditicns, an instrum@nt‘has been
developed which is capable of meaguring cuantitatively
resistance to flex ahrasion, surface attrition, and edge

abrasion, each under dry and wet conditicns.

What contribution does fabric constructicn make to wear

resistance?

Fy

. The effect on wear resistance i such fabric
characteristics.as fiber material; fireness, staple length,
yarn countthwistg texture, and weave have been mcst fre-
quently discussed ir the past, in qualitubive and rather
speculative terms. In some studies these factors have been
related to such fabric>properties as strength or resistance
to surface abrasion which, on the basis of our latest

knowledge on the mechanism of wear in texiiles. carnot he
g : s

identified with resistance to actual wesy.

1t has alsc been found in our studies that such

=f e




_ fabric characteristics as texture, yarn count. welght . and

weave cannol be corrvelated as independent variables te

e

wear data. Instead, fabric structure Fss wo he sorsidared
' [

in terms of gecmetric parameters and their basic interrels-

tionship. - Those proposed by PIFRCE have se2n fouand mos:t

helpful in car atiempt 4o analyze ths effact of fabric

construction on wear resistancs,

The data wiich are prasented ir the following
three tables are based on combat course 5nd ilaborutory data
of different experimental serizs together with eonsideration
of fabric geometry. These results are preliminary in nsture
and the relations may appear to e somewh-t oversimplifisd,
However, these fiﬁdings have alrsady proved very useful in .
blueprinﬂing of experimental constructions, Although they
may be subject to elaboration and modificebtion, thev ave
presented here as a working basig for the engineering of

>

fabrics with improved wsar resistance.

3



In adaition to wvaluating the effect of fabric

5

-

construction; progress is being made in asalyziag Lhe
contribution %o wear resistance of interent properiies
of various natural and synthstic fibers, z1d also of fibe

fineness, staple length, and varicus chemi:al treaswrents,

The sccpe of this report has not permitted the
pres . ntation of detailed information and cata on the
éxperimenté performed and tieories and staltistics applied,
Therefore sume of the statements made may appear somewhat
provecative. They désefve a wider discussicn whici, it
is planned, hill be presented in a subsequent paper. How-
ever, it is hoped that tris brief summary of some of our
- work will be helpful in focusing the interest of textile
technolo;ists on the wear resistance problem and on Lhe
possibilities wﬁich éxist for the systematic development of

fabrics of improved woar resistance,
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