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Abstract

Shape memory polymers (SMPs) and their composites are widely explored by researchers
due to a wide range of potential applications in civil, aviation, transport, textile, biomedical,
sensor, actuator, etc. SMPs possess a unique ability, known as the shape memory effect,
through which they can fix a temporary configuration from its original configuration via a
suitable programming process, and the original configuration can be recovered from the
temporary one in the presence of external stimuli such as heat. SMPs have demonstrated
innovative applications in textiles such as intelligent curtains, self-fitting garments,
wrinkle-free garments, compression garments, smart fashion, patterning, etc. Most research
in shape memory textiles has been done by coating and finishing methods. Minimal
scientific attention has been received to develop the SMP fabrics by incorporating memory
filament in the fabric structure. Particularly, knitted-based SMP textiles could allow large
deformation characteristics, more suitable for pliable or extensible systems. But limited
understanding is available for describing and predicting the performance of SMP filament
in a knit construction under different thermo-mechanical conditions. Moreover, knitting
offers tremendous design possibilities to control the fabric’s mechanical behaviour and
rigidity by employing various stitches, i.e., loop, tuck, and float in a knit design. Examining
the performance of different memory knit fabrics would further help in designing and

optimising SMP textiles with enhanced shape memory results.

Henceforth, the present study aims to design different memory knitted fabrics using SMP
filaments and quantify their shape memory properties under different thermo-mechanical
conditions. SMP knitted fabrics are produced by integrating the SMP filaments into double

jersey construction using the weft knitting technique. Different knit structures are

Vii



systematically developed by varying stitch elements, loop, tuck, and float in the fabric
construction. The response of SMP filament and knit structural characteristics on the
memory outcome of SMP fabrics are investigated. Several thermo-mechanical parameters,
including temperature, strain, and relaxation time, on the memory behaviour of SMP fabrics
are thoroughly investigated and compared with the pristine SMP filament. The findings
indicate poor response of rib-based SMP fabric compared to SMP filament at various
temperatures and strains. Including more tuck or float elements in the structure resulted in
more shape fixity of SMP fabrics. Relaxation time during shape fixing is found to be a
critical parameter influencing the shape fixity of SMP fabric. The results could help in
setting optimal thermo-mechanical conditions for SMP textiles to obtain maximum shape
memory performance. This research will further improve understanding of the designing
and engineering of SMP fabrics to extend their applications in responsive garments,
compression stockings, artificial muscles, soft skins, massage devices, and flexible

sensors/actuators.
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