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ABSTRACT

The properties of nonwovens are primarily dependent on the constituent fibre characteristics and
the structure of nonwovens which is manifested in a unique way by the manufacturing technology
and their process parameters. Most of the researchers have focused their attention on the influences
of'needle penetration depth and punch density in needle punching process. Whereas, due attention
was not given to carding process parameters and their influence on the properties of nonwoven
fabric. However, it is a well-known fact that the mechanical and functional properties of nonwoven

fabrics are highly influenced by the orientation of fibres before and after punching processes.

The present work deals with the influence of fibre orientation on needle punched nonwoven
fabric. Modified tracer fibre technique was used to study the orientation of fibre in X, Y and Z
direction of nonwoven layered structure. The tracer fibre technique and Lindsley’s techniques were
used to study the orientation of fibre in X and Y planes of the fabric. The tracer fibre path was
tracked by placing a marked template having windows of defined area. The images of tracer fibres
were captured and stitched using Nikon SMZ2500 microscope with NIS Elements software.
Lindsley’s cutting and combing method was used to measure the orientation of carded fibrous web
(before punching). To analyze the vertical orientation (Z direction) of fibre in needled punched
nonwoven fabric, the batts of different colours were produced separately. The batts placed in a
specific order in layered structure were needle punched. The colour summarization technique was
used to measure the percentage of fibre transfer of specific colour to bottom most grey layer due
to punching process. Accordingly, new structural indices were proposed to measure the 3-
dimentional orientation of fibre in nonwoven fabric before and after punching. The influence of
carding and punching process parameters on structure and properties of nonwoven fabric was
carried out. In order to understand the influence of carding and punching parameters on structure
and properties of nonwoven fabric, optimisation of carding and punching parameters was carried
out in three sets of experiments. In first set of experiments, the carding parameters i.e. feeder speed,
cylinder speed and doffer speed were optimized at constant punching parameters. In second set of
experiments, the punching parameters i.e. punch density, needle penetration depth and stroke
frequency were optimized by using the optimized carding parameters of first set of experiments.

In third set of experiments, carding parameters i.e. feeder speed, cylinder speed and doffer speed



and punching parameters i.e. punch density and needle penetration depth were simultaneously
optimized. Box & Behnken’s three factors three levels design was used for sample preparation of
first two sets of experiments. But for third set of experiments, five factors three levels Box &
Behnken experimental design was used for sample preparation. The physical, mechanical and
functional properties of nonwoven fabrics like fabric thickness, tensile strength, air permeability,
mean pore size, filtration efficiency and pressure drop were measured by using ASTM and BS
standard. But in all three sets of experiments, structural studies were limited to X and Y direction
of the fabrics. Further, an attempt has been made to evaluate the fibre orientation in Z direction
influenced by punching parameters using multi-coloured batts in layered nonwoven structure.
Three-factor three-level Box-Benkhen experimental design is used to conduct the study and punch
density, needle penetration depth and stroke frequency are taken as variables. Lastly, an attempt
has been made to take the benefit of the knowledge generated about the orientation of fibres in
nonwoven fabric during this work. Accordingly, the three batts of different orientation of fibres
obtained through optimisation of carding parameters were placed in different combination in
layered structure and were punched using optimised punching parameters. Finally, influence of
fibre orientation in layered structure on physical, mechanical and functional of nonwoven fabric

was carried out.

The results confirmed that the proposed structural indices played a decisive role in studying
the fibre orientation of nonwoven material in X and Y direction, before and after punching. A very
strong correlation was observed between measured structural indices and respective properties.
The proposed structural indices were highly influenced by considered carding parameters. The
increase of all three carding parameters noticed an improvement in fibre orientation and depicted
an increase in filtration efficiency and pressure drop, but inferred a reduction in bursting strength.
But the results confirmed the disorientation of fibres in X and Y planes of the fabric, after needle
punching operations. The improved carded web characteristics influenced by carding parameters
significantly helped to minimise the structural changes, in nonwoven, after optimisation of
punching parameters only. The retained fibre orientation, after punching, contributed towards
reduced mean flow pore size and air permeability of nonwoven. Evidently, the filtration efficiency
depicted an increase for all particle sizes, but with higher value of pressure drop. The results of

simultaneous optimisation of carding and punching parameters have though revealed deterioration

Vi



in fibre orientation, however, reduction in filtration efficiency was noticed to be comparatively

lower but significantly lower reduction in pressure drop was observed.

It was concluded that physical, mechanical and functional properties of nonwoven are very
much dependent on proposed structural indices to study the vertical integration of fibres due to
punching operation. The percentage of fibre transfer in Z direction is found to be maximum from
first layer followed by 2™ and 3™ layers. Further, it was noticed that the mean flow pore size and
air permeability followed an initial decrease then increase with the increase of punching
parameters. However filtration efficiency and pressure drop confirmed an initial increase and then
decrease with the increase of punching parameters. Further, mathematical models were developed,
to predict the specific properties of nonwoven fabric considering measured structural indices, using
nonlinear regression technique. The results confirmed that orientation of fibres in batts and their
placement in layered structure played very crucial role in deciding the properties of nonwoven
fabric. The fabric with inverse gradient structure having batts in increasing order of fibre
orientation in layered structure provided very high (close to the highest) filter efficiency and very
low (close to lowest) pressure drop instead of having higher (close to highest) mean flow pore size
and air permeability. Finally, mechanics of needle punched nonwoven fabric structure was

developed by utilising the information of present work.
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