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ABSTRACT

The formation of fabric structures by means of weaving, knitting, braiding, etc. involves
the bending of fibres and yarns. Bending plays an important role during the end use of
textiles, because fabrics and their constituent fibres and yarns undergo flexing to different
extent. On the other hand, shear is a property which distinguishes textile fabrics from
other sheet like materials, namely paper and plastic. Though many researches have been
conducted to understand and model the bending and shear behaviours of woven fabrics,
still there are some unsolved issues like generalised model of shear behaviour of woven
fabrics and engineering design of woven fabrics with targeted bending and rigidities.

In the first part of this research, influence of fibre blend, yarn count and fabric sett
(ends per inch x picks per inch) on bending and shear rigidities of plain woven fabric was
studied. Square plain fabrics were woven using 20 Ne, 30 Ne and 40 Ne yarns of three
different blends (100% cotton, 100% polyester and 50:50 polyester-cotton). Different
levels of fabric sett were considered as 50 inch™, 60 inch® and 70 inch™. Fabric bending
and shear rigidities were measured by using Kawabata Evaluation System (KES) at low
stress region. An increasing trend of fabric bending and shear rigidities was observed with
lower proportion of polyester, coarser yarn count and higher fabric sett. Yarn count was
found to be the most important parameter influencing fabric bending and shear rigidities
followed by fabric sett and proportion of polyester. A strong degree of association was
found between bending and shear rigidities of fabric.

In second part of this research, influence of weave on bending and shear rigidities
of woven fabric was studied. Twelve fabrics were woven (6 each of 100% cotton and
100% polyester) by using yarns of 30 Ne. Six different weaves (plain, 2/1 twill, 3/1 twill,
2/2 twill, 2x2 matt and 5-end satin) were considered. Plain woven fabric showed the

highest bending and shear rigidities, followed by twill and matt, in that order, whereas
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satin showed the minimum values. The effect of weave was more dominant on shear
rigidity than that on bending rigidity. Fabric weave factor was represented by two
parameters, namely fabric crossover firmness factor and floating yarn factor. It was found
that both the factors had a strong degree of association with bending and shear rigidities.

In the third part of this research, a generalised mathematical model of shear
rigidity of woven fabric, having different weaves, was proposed. The shear rigidity of
fabric was expressed as functions of yarn bending rigidity, fabric geometrical parameters
and crossover firmness factor. Very good agreement was found between theoretically
calculated and practically measured values of shear rigidity.

When fabrics are woven by varying fibre blend, yarn count and fabric sett
independently, bending and shear rigidity show excellent agreement. However, this
inference may not be valid if the fabric areal density is kept constant. Using the aforesaid
logic, if fabrics of same areal density are woven by judiciously adjusting the yarn count
and fabric sett, it may be possible to counter the concomitant relationship between fabric
bending and shear rigidities. Thus, it may be possible to design a set of woven fabrics
having similar bending rigidity but different shear rigidity or vice versa. In the fourth part
of this research, 18 fabrics were woven (9 each of 100% cotton and 100% polyester)
keeping the areal density same. All the fabrics were woven using yarns of 20 Ne, 30 Ne
and 40 Ne in various combinations in warp and weft directions by adjusting yarn count
and fabric sett. As the warp yarns became finer keeping the weft yarn same, fabric
bending rigidity in warp direction remained unchanged but fabric shear rigidity in warp
direction increased. On the other hand, as the weft yarns were made finer keeping the
warp yarn same, warp wise fabric bending as well as shear rigidities increased. Similar

results were obtained in transpose direction.



In the last part of this research, an attempt was made to design woven fabrics
having low bending rigidity and high shear rigidity using multi-objective optimisation.
Two approaches were used for multi-objective optimisation. The first approach was based
on desirability function which combined individual desirability of objectives into overall
desirability varying from 0 to 1. The overall desirability was maximised against the target
values of bending and shear rigidities. It was possible to attain the overall desirability of
0.684 resulting from individual desirability of 0.662 and 0.707 for bending and shear
rigidities, respectively. Experimental validation confirmed that the applied method can be
effectively used to optimise the woven fabric mechanical properties at low stress region.
The second approach was based on an evolutionary algorithm called Non-dominated
Sorting Genetic Algorithm I (NSGA-I1) which offered multiple optimal solutions which
were non-dominating in nature. Pareto-optimal solutions were obtained. The experimental
validation confirmed that the actual values of bending and shear rigidities of woven

fabrics are very close to the respective Pareto optimal values.
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