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Mechanical Properties of Fabric Woven from Yarns Produced by Different

Spinning Technologies: Yarn Failure in Woven Fabric!

MooN H. SEO,? MARY LYNN REALFF 3 NING PAN,* MARY BOYCE,
PETER SCHWARTZ,> AND STANLEY BACKER

Department of Mechanical Engineering, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, US.A.

ABSTRACT

A study has been conducted on the mechanisms of in-situ tensile failure of staple
yarns during uniaxial tensioning, as in a conventional ravel strip test. The yarns were
PET/cotton blends processed on ring, rotor, and airjet spinning systems, and then
woven into plain or twill weave fabrics. Load-extension behaviors of the yarns were
recorded for the in-fabric state as well as for the free state (out-of-fabric), and SEM
comparisons were made of the fractured yarn ends obtained in the two states. When
the tensioned yarns became jammed between cross yarns before straightening, the
fracture ends were abrupt, similar to those observed in near zero gauge length tests of
free-state yarns. However, when fabric structure was such that tensioned yarns could
straighten without cross yarn jamming, the resulting failure zones were considerably
longer, with a mixture of fiber fracture and slippage similar to that observed in long
gauge length tests of free-state yarns. The interaction between yarn properties and
weave geometry had a strong influence on the local disturbance of cloth structure
resulting from isolated yarn failure during fabric tensioning. The extent of such dis-
turbance permitted estimates of the stress recovery length of the failed yarn and showed

its dependence on cloth tightness and yarn type.

In many cases, a woven fabric exhibits a much higher
strength than that predicted from the strengths of its
constituent yarns tested at the same gauge length [5,
6, 12]. Such discrepancies have been termed fabric as-
sistance. Lord and Radhakrishnaiah [5, 6] discussed
fabric assistance for different yarn systems, showing
relatively higher assistance for friction and rotor spun
yarns than for ring spun yarns of comparable size. They
associated this with contact pressures at yarn crossovers,
explaining that yarns in denser fabrics experience closer
contact pressure zones along their length, and so there
is less chance for in-fabric yarn failure than in less dense
fabrics. '

In providing further explanations of such fabric as-
sistance, Shahpurwala and Schwartz [12] have defined
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the term “overload™ or *“*subbundie” length to represent
a short segment of yarn possessing the appropnate
mean strength and strength distribution to permit valid
prediction of fabric strength. In practice, they first de-
termined the mean strength and strength distribution
of yarns removed from the fabric and tested at a 152.4
mm gauge length. Then, using weakest hink theory with
equal load sharing and with local load sharing rules,
they scaled down to the appropriate subbundle length
to match fabric strength, also measured ata 152.4 mm
gauge length. Then they used the subbundle length in
a statistical model of fabric strength in a manner anal-
ogous to that employed in composite materials models.
The subbundle lengths for the cotton yarn fabncs in
equal-load and local-load sharing cases were thus es-
timated to be less than 17 mm, shorter than the average
cotton staple length of the yarn used in the test fabrics.

These quantities, it should be noted, were based
solely on statistical considerations, i.e., weakest link
theory, not micromechanical analysis. Shahpurwala
and Schwartz {12] further illustrated fabric assistance
by defining a friction factor, which combined yarn size,
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relative number of yarn interlacings (with respect to
that of plain weave ), and crimp ratio of yarns in loading
and cross directions. This friction factor had a positive
correlation with the observed differences between yarn-
based predictions of fabric strength and actual fabric
test results.

If a chain-of-bundles model is to be applied to yarn
failure in a fabric, there must be enough shear force
between yarn segments of subbundle length and the
cloth matrix to satisfy independence of yarn failure in
each subbundle. If this condition is met, then fabric
tensile strength will reflect yarn tensile behavior at sub-
bundle lengths.

In an earlier paper [10], we showed, through a sta-
tistical analysis of tensile tests and scanning electron
microscope (SEM ) observations, that the tensile failure
mechanism of individual staple yarns in short gauge
lengths (<25.4 mm) is mechanistically different from
that at long gauge lengths (>76.2 mm). This difference
can be primarily explained by considering the increased
relative number of fibers that are held by both grips as
the test gauge length decreases. The question remains
as to how yarn gripping occurs within a tensioned
woven fabric.

The objective of this paper is to compare the tensile
stress-strain behavior of constituent yarns in a fabric
and out of a fabric, and to identify the dominant yarn
failure mechanisms in each of these test conditions for
different woven fabric geometries.

Experiments

Two sets of fabrics were tested. The first set, a G
series, consisted of ring spun and rotor spun PET /cot-
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ton yarns in a 2/ 1 twill weave. In this paper, we refer
to these yarns as ring G and rotor G. The second set,
an S series, consisted of ring spun and airjet spun yarns,
in a plain weave. Here, they will be referred to as ring
S and airjet S yarns. These yarns and fabrics are de-
scribed in Tables I and II.

For the tensile tests of constituent yarns out of fab-
rics, yarns were removed from the fabrics and stored
under standard testing conditions (20°C and 65% RH)
for 24 hours before testing. Tensile tests of these yarns
were run at two different gauge lengths following dif-
ferent procedures. In one case (procedure 1), the yarn
specimen lengths, 12.7 mm and 127 mm, were mea-
sured under a low preload (5 g) and then tested with
12.7 mm and 127 mm initial grip separation. In the
other case (procedure II), the yarn specimens were
taken from 127 mm fabric specimens and tested at 127
mm initial grip separation; therefore, the actual yarn
specimen length in the latter case was longer than in
the former case, despite the use of the same initial grip
separation distance, 127 mm. The tensile test was con-
ducted at a strain rate of 0.1 min~' with respect to
initial grip separation distance on an Instron tensile
tester.

The fabric tensile test was conducted using a 127
mm by 25.4 mm wide ravel strip geometry with a strain
rate of 0.1 min ~'. The tensile failure process was mon-
itored using a digital oscilloscope and video camera in
order to identify isolated yarn breaks in the fabric. In
most cases, several initial isolated breaks were positively
identified by observing load drop, as well as visual ob-
servation of the actual local yarn failure. However, the
several isolated breaks that occurred at the instant of

TABLE 1. Series G 2/1 twill fabrics and their yarns.

Ring G Rotor G
Spin system Warp Fill Warp Fil}
Yarn size, C.C. 15.5 120 15.5 12.0
Twist mult. 4.2 42 37 37
Composition PET/cotton PET/cotton PET/cotton PET/cotton
Percentages 50/50 50/50 50/50 50/50
Fabric count, yarns/25.4 mm 88 50 86 50
TABLE I1. Series S plain weave fabrics and their yarns.
Ring S Airjet S
Spin system Warp o Wap Fill
Yam size, C.C. 26 26 26 26
Twist mult. 391 391 - -
Composition PET/cotton PET/cotton PET/cotton PET/cotton
Percentages 65/35 65/35 65/35 < 65/35
Fabric count, yarns/25.4 mm 102 54 102 54
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