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ABSTRACT

Characterization of compressional behaviour of different types of fabrics is of interest
to textile technologist, as compressional behaviour is an important mechanical property of
textiles, which determines many fabric characteristics during use. Nonwoven fabrics are
extensively used in a number of technical uses due to their physical, tensile and hydraulic
characteristics. In many applications, these fabrics are subjected to normal compressive loads
which change their tensile and hydraulic properties. The changes in the properties of these

fabrics depend on their compressional behaviour.

Parameters to characterize compression and recovery behaviour of different types of
nonwoven fabrics have been proposed and empirical equations for compression and recovery
of different types of nonwoven fabrics have been developed using a least-square technique.
Two parameters a and 8, describing the compression and recovery behaviour respectively
of different types of nonwoven fabrics have been evaluated for a wide range of nonwoven
fabrics with different structural parameters using Essdiel thickness tester. Knowing a, 2
and the initial fabric thickness, T,, one would be able to get the other compression-recovery
related parameters like fabric thickness values at different pressures, percentage energy loss,
percentage thickness loss, resilience etc. during compression-recovery cycle. Equations for
predicting the compressional and recovery parameters of a number of nonwoven fabrics in

series have also been developed and these equations have been verified with the

experimental results.

The influence of various needling parameters such as depth of needle penstration and
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needling density on the compressional behaviour of needle punched staple fibre nonwoven
fabrics have been studied. It is found that as the depth of needle penetration and needling
dénsity increases, the resultant nonwoven fabric becomes miore compact and the
compressibility and the percentage energy loss during compression-recovery cycle reduces.
The effect of fabric weight and individual fibre denier on the compressional behaviour of

the staple fibre needle punched nonwoven fabrics has also been studied.

In some filtration and geotextile applications, layered nonwoven fabrics may perform
better than a single fibre nonwoven fabric struciure. The compressional behaviour of layered
fabrics produced by needling two or more than two separate layers of fibre webs of different
characteristics has been studied.

€

A detailed study on the compressional behaviour of different types of spunbonded
nonwoven fabrics has been carried out. Three categories of spunbonded nonwovens used in
the present study are needle puunched, heat-sealed and needle punched surface calendered.
The compressibility of spunbonded heat-sealed fabrics has been found to be much lower and
their compressional resilience much higher than the compressii)ility and compressional
resilience of needle pu'nched spunbonded ncnwoven fabrics. Effect of dynanﬁc loading on
the compressional behaviour of spunbonded nonwoven fabrics has also been studied. After
the application of known dynamic ioad with a particular frequency for different durations,
the needle punched nonwoven fabrics show very prominent chariges in their compressional
behaviour while the changes in the compressional behaviour in case of the heat-sealed

spunbonded nonwovens are relatively small.
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A theoretical model has been developed to predict the compression of nonwoven fabrics
as pressure is increased. The compression of nonwoven fabric involves several processes, but
ti\e problem is considerably si’mplified when reduced to that of simple bending of fibres, as
bending plays a major role during compression of nonwoven fabrics. An iterative algorithm,
in which the system geometry is updated on successive increment of loads, is used to cope
with the large and nonlinear deformation. Knowing a few fibre and fabric parameters,
némely fibre denier, fibre initial moduius, fabric mass per unit area, fabric initial thickness
and extreme fibre orientation angles within the fabric, the extent of compression due to

increasing pressure on nonwoven fabrics can be predicted.

An instrument for measuring the compressional behaviour of nonwoven fabrics at a
constant \rate of deformation (CRD) has been developed. The instrument consists of a
compression unit, a control unit, and a recording unit. The compressional load and the
fabric deformation are measured by transducers. The up and down movement of the
pressure foot is governed by the control unit. A predetermined number of compression and
réﬁoi/éry cycles can be performed. The analog signals from the transducers are converted
to the digital values using A/D card and these data are processed on a personal computer.
A software has been developed for on-line plotting of the curves on the computer screen
during the experiment and compression and recd_very parameters are available just after the
tests. The compression and recovery parameters for a wide range of nonwoven fabrics
obtained using this instrument are compared with the results obtained usihg Essdiel

thickness tester.

The effects of rate of compression and recovery, number of compression-recovery cycles

i



and size _of pressure-foot have been studied. It is observed that as the rate of deformation
increases, the compressibility and éﬁergy loss of nonwoven fabrics decrease due to less time
A a§ailable for compression. On cyclic loading, the compressibility, initial thickness and energy
loss decrease sharply after the first cycle but after a few cycles these parameters remain
unchanged. The size of pressure-foot has no effect on these. parameters. The effect of these
factors on heat-sealed spunbonded fabrics is relaiively much lower than that on needle
punched fabrics. Time dependent behaviour of compressional properties of needle punched
and heat-sealed spunbonded nonwoven fabrics show that with increasing relaxation time,
recovery in case of heat-sealed structures is nearly total while needle punched fabrics show

permanent deformation.
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