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Abstract—knitted fabrics find numerous applications in
sportswear fabric industry, during their use it can be subjected
to loading-unloading due to the body movements which can be
indirectly affected by the dynamic elastic recovery value of the
fabrics. The cyclic loads lead to the redistribution of fibers in
the yarn structure, because they tend to get the minimum level
of energy. Dimensional properties of knitted fabric are widely
affected by the externally applied forces that could involve
permanent deformation. Cotton/Spandex knitted fabrics are
widely used for several applications. In this work, an attempt
was done to analyze the effect of cyclic loading on
cotton/spandex knitted fabric subjected to the different levels
of cyclic loading under different values of initial extensions.
Knitted fabric mechanical properties with different
percentages of spandex were tested. The fabric properties and
the number of cycles indicate the change of the residual
extension and the drop in the fabric strength and stiffness.

Keywords—spandex knitted fabric, cyclic loading, elastic
recovery, and sportswear fabrics

. Introduction

Knitted fabrics are very popular in clothing industry. The
loss of elasticity during use is one of the most important
problems that could influence the long-term reliability of
knitted garments. In sportswear fabrics, a part of the so-
called wear and loss of shape undoubtedly arises from
repeated excessive loading in localized areas. To improve
the recovery performance of knit fabrics, it is now common
practice to co-knit a small amount of spandex fiber or yarn
with companion cotton yarn. The structural parameters and
condition of cyclic loading play a basic role in the fatigue
behavior of textile materials. At fatigue loading,
dimensional properties of this category of knitted fabric are
widely affected by the externally applied forces that could
involve permanent deformation [1-2]. Fatigue is the failure
or decay of the mechanical properties of a material after the
application of repeated stress or strain. The structural
parameters and condition of cyclic loading play a basic role
in the fatigue behavior of textile materials. The effects of
loading parameters and structural specifications on the
fatigue properties of textile fabrics have been investigated
by several researchers[3-7], as there are some general
features of all fatigue processes: a) The greater the applied
stress, the shorter the fatigue life. b) Damage is cumulative.
Materials do not fully recover when rested. c) High cycle
fatigue strength can be described by stress-based parameters.

d) Low cycle fatigue is associated with widespread
plasticity, thus a strain-based parameter should be used.
Main factors affecting fatigue life are:1) material type, 2)
quality of the surface, 3) material internal structure, 4) strain
rate, 5) environmental conditions and exposure time can
cause degradation, softening, or hardening, 6) the operating
temperature over which the textile material is exposed
affects the mechanical properties and fatigue as well.
Elmessiry etal[8] Stuied the effect of the cyclic loading on
the knitted fabric bagging. The objectives of this study are to
analyse the effect of applying a tension-tension cyclic
loading on the behavior/ of knitted fabric with different
spandex percentage.

1.  Experimental

A. Materials
TABLE I. PHYSICAL PROPERTIES OF KNITTED FABRICS

Fabric | Fabric | Yarn Lycra Lycra | Weight Thickness
code design | count count(tex) | % (gm/mt?) | (mm)

(tex)
DJ double | combed 4.9 2 128 0.56
2% jersey | cotton

yarn

8.9
DJ double | combed | 2.62 10 264 0.99
10% jersey | cotton

yarn

16.3
DJ double | combed | 4.9 25 187 0.66
2.5% jersey | cotton

yarn

19.6
SJ5% | single combed | 2.4 5 208 0.71

jersey | cotton

yarn

14.75
DJ double | combed | 0 0 260 0.7
0% jersey | cotton

yarn
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B. Tensile testing

The tensile testing was performed to investigate the
fundamental mechanical characterizations by Instron-4411
tester at 20°Croom temperature and 65% relative humidity.
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TABLE Il. THE MECHANICAL PROPERTIES OF THE SAMPLES
; : : Fabric Work of | strength Breaking

c. Cyclic load application code rupture (N.m) | (N) oxtonsion %

In order to apply a cyclic load on the samples, the 0831 8811 55.035
experiments were carried out according to ASTM D6588 on DJ 2%
fatigue testing machine which gives 1350 cycle per min as 519 151.630 70347
shown in "fig 1". DJ 10%
The tester consists of two clamps, the upper clamp moves | 535504 | 247 113.89 51.535
upward manually by using an arm to give the fabric a certain
extension. The lower clamp moves automatically upwards | 50, | -358 7534 105.048
and downwards, respectively, using a motor to apply a
certain number of cycles on the fabric causing fatigue DJ 0% 16 %0.8 818
stresses to the fabric.

At the start of the test, the lower jaw will be pushed to the
upper position of the cycle to create a certain force p,,. The
reciprocation of the lower jaw will change the value of p,, as
shown in "fig 2".

The value of the number of cycles is varied with values
of: 10000, 20000, 50000 cycles, in each case the initial
extension is varied as 20%, 30%, 40%, and 50% of its initial
length. The set-up gives the possibility to change the values
of pmin and the value of the number of cycles/min. In all
cases the value of pmi, is changed by extending the sample
with a certain percentage of the initial length.

o
.

| Usper clamp

temte

Lower clamp |

Figure 1. Dynamic uni-axial loading tester

Figure 2. Schematic diagram of the device to apply

. Results and discussion

Five knitted fabrics are used with mechanical properties
as given in table 2.
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A. Knitted fabric behavior under cyclic
loading

The application of uni-axial load on the knitted fabric
causes an extension of the loop in the direction of the load,
as shown in "fig 3";on Wales-wise direction, at first, the
loops will be deformed in both directions x and y as the
yarns move towards the knitting loop axis.

The increasing of load leads to the increase in the
compression of the knitting loop in the width direction “x”
and decreasing in knitting loop angle, a matter that cause
yarns at loop leg to be jammed to each other. By continues
increasing the load, the knitting loop angle continues to
decrease until the yarns become tightly packed and the
structure is jammed such that no further movement of yarns
can take place. The increase of the loop length is due to the
straightened of the loop and the contraction in the fabric
width. The yarns are affected by the load after fabric reaches
jamming point. From the mechanical point of view, the
fabric behaves like a structure rather than a continuous
material. If loading continues increasing, after ‘“jamming
state” the yarn strain will define mainly the fabric strain.
The yarn loop legs angle reduces under further loading of
the fabric, as illustrated in "fig 4".
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Figure 3. Loop shape under uni-axial force
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Figure 4. Change of loop angle under fabric strain

Consequently, the jamming condition of the fabric will
differ if the applied load is in the Wales-wise or Course-wise
direction. This is clear from the load elongation curve
illustrated in "fig 5".
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Figure 5. the jamming conditions of different fabrics in Wales and
Course directions
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"Fig 5" illustrates the load elongation curve in the Wales
direction and Course direction for different fabrics. In case
of loading in Wales direction, the jamming point of the loop
will reach at lower elongation of the fabric than in the case
of applying load in the Course direction, due to the fact that
the fabric elongation in Wales direction is usually less.

The value of the jamming force will depend on the
specifications of the fabric and the percentage of the Lycra
used as well as the area of the fabric under loading, as
illustrated in figures (6, a,b,c).
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Figure 6(a,b,c). Jamming force, jamming extension, and percent of
Lycra at jamming conditions
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The increase of the fabric area under the applied force
increases the jamming force and jamming elongation of the
fabric since more structure will contribute in defining the
jamming conditions.

B. Effect of cyclic loading on tensile
properties of fabrics

When the initial extension applied on the sample, the
maximum load P, in the case of fabric deform is less than
that of jamming conditions. The effect of the cyclic loading
will lead to the movement of the yarn under low strain,
therefore may achieve reorientation of the fibers in the yarn
and increase the stiffness of the yarns. It will result in stiffer
fabric. The Young’s modulus seems to be higher depending
on the number of cycles and the value of P, as well as the
percentage of Lycra. The increase of the Lycra percentage
reduces the effect of the cyclic loading and the breaking load
will have minor changes. Figure (7-a,b,c,d,e) illustrate the
effect of the load extension curve for different fabrics under
the change of initial extension of the applied cyclic load.

FabricDJ 0%

80

Load (N)

40 60 0 80 v

Extenslon (mm)

—4—DI0% —-20Nintal extension —8—30% inmal extension SONiInkal extension

Figure 7a. Load-extension curves for cotton knitted fabric DJ 0% before
fatigue (original) and after fatigue at 50000 cycles
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Figure 7b. Load-extension curves for cotton —Lycra knitted fabric DJ 2%
before fatigue (original) and after fatigue at 50000 cycles
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Figure 7c. Load-extension curves for cotton —Lycra knitted fabric DJ 2.5% . . ™ - ———— - - .
before fatigue (original) and after fatigue at 50000 cycles
. (a)
FabricSJ 5% Figure 8a. Load-extension curves for cotton—Lycra knitted fabric DJ 2%
100 before cyclic loading (original) and jammed knitted fabric DJ 2%(A) after
= applying cyclic loading of 50000 cycles
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Figure 7d. Load-extension curves for cotton —Lycra knitted fabric SJ 5%
before fatigue (original) and after fatigue at 50000 cycles
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Figure 8b. Load-extension curves for cotton—Lycra knitted fabric DJ

10%before cyclic loading (original) and jammed knitted fabric DJ 10%(A)
after applying cyclic loading of 50000 cycles
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Figure 7e. Load-extension curves for cotton —Lycra knitted fabric DJ 10% >
before fatigue (original) and after fatigue at 50000 cycles
These curves prove the above analysis. The application of
the cyclic load on the fabric while it is in the jamming
condition, i.e. the looped yarn is strained, will cause a real 5 T Y L+
strain in the yarn leading to the change in the yarn structure. " W W e 0w =
Figure (8- a, b, c, d) illustrates the effect of the cyclic
loading on different jammed fabrics. ()
Figure 8c. Load-extension curves for cotton-Lycra knitted fabric DJ
2.5%before cyclic loading (original) andjammed knitted fabric DJ 2.5%(A)
after applying cyclic loading of 50000 cycles
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Figure 8d. Load-extension curves for cotton—Lycra knitted fabric SJ
5%before cyclic loading (original) and jammed knitted fabric SJ 5%(A)
after applying cyclic loading of 50000 cycles
Figure (8- a,b,c, d) illustrates the effect of applying cyclic
loads after tensioning the fabrics to reach the jamming
conditions. From figure (8) it can be concluded that the
cyclic loading have a very destructive effect on the fabric
load extension curve, considerably reducing the breaking
load due to the change of the structure of the yarns under the
cyclic loading. The fabric Young's Modulus increase
depends on the percentage of the Lycra. The higher
percentage of Lycra, the damage of the fabric is less. In
order to prove that, a single cotton yarn was subjected to
50000 cycles at the same percentage of extension as applied
on jammed knitted fabric and the load extension curve is
given in figure (9), which indicates the reduction of the

breaking load.
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Figure 9. Load-extension curves for cotton yarn before cyclic loading
(original) and yarn (A) after applying cyclic loading of 50000 cycles

iv. Conclusion

The cyclic loading affects the tensile properties of the
fabric. To minimize the effect of the dynamic loading on the
fabric, it is advisable to use the Lycra yarn. The fabric
should not be loaded in the jamming condition to prevent the
damage of the yarns due to cyclic loading. Even under low
values of cyclic loading, strength, Young’s Modulus, and
breaking extension will be altered. It is recommended to
keep the values of P, less than the jamming force of the
fabric.
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