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ABSTRACT

Increasing instances of terror attacks, civil wars and communal clashes have made body
armour a research hotspot for the textile scientific fraternity. New high-performance
materials are sought-after to replace the aramids which are in use for almost last five
decades. Surface treatments like shear thickening fluid (STF) impregnation, metal oxide
nanostructure grafting, plasma treatment, etc. are being explored to augment the impact
resistance of high-performance woven fabrics. Improved design of armour panel via
judicious arrangement or stacking of constituent fabric layers has also received
considerable attention. The present research revolves around improving the impact
resistance performance of ultra-high molecular weight polyethylene (UHMWPE) woven
fabrics by STF impregnation, zinc oxide nanorod grafting and angular stacking of fabric
layers.

In the first part of this research, an attempt was made to develop predictive models
for flow curve of STF at various shear rates and temperatures. The developed
phenomenological and artificial neural network models were able to represent the typical
nature of the flow curve comprising of three distinct zones.

In the second part of research, an attempt was made to understand the role of
fabric structure in inducing the effectiveness of STF impregnation. Plain woven fabrics,
with three levels of sett (EPIXPPI), namely 22.5x22.5, 25x25 and 27.5x27.5 inch™; and
with seven levels of sett from 25x25 to 55x55 inch™, in steps of five, were produced
using 1350 denier and 400 denier Dyneema® SK75 vyarns, respectively. After
impregnation with STF, having 65% (w/w) silica in polyethylene glycol, at 2 bar padding
pressure, yarn pull-out force and impact resistance increased for all fabrics woven with
coarser 1350 denier yarn and loose fabrics woven with 400 denier yarn (i.e. sett < 35x35
inch™). However, for tightly woven fabrics of 400 denier yarn, having sett = 40x40 inch™,
STF impregnation deteriorated the impact resistance despite increased yarn pull-out force.
This fabric structure induced effectiveness of STF was found to be valid at different
levels of STF add-on obtained by varying the padding pressure up to 5 bar. Interestingly,
STF impregnation was found to be beneficial in less firm weaves (2/2 twill, 3/1 twill and
2x2 matt woven fabrics) even at very high sett (50x50 inch™) as the number of

interlacements was lower than that of plain weave.



An attempt was made in the third part of the research to increase the inter-yarn
friction in UHMWPE fabrics by zinc oxide nanorod (Z-NR) grafting with the objective to
augment their impact resistance performance. The same plain woven fabrics used in
previous part of research, with addition of a fabric with sett of 20x20 inch, produced
using 1350 denier Dyneema® SK75 yarn, were used in this part of research as well. Z-
NR grafting exhibited similar kind of fabric structure induced beneficial effect on impact
resistance performance of UHMWPE plain woven fabrics as that of STF impregnation.
However, in general, Z-NR grafting exhibited higher or at least comparable impact
energy absorption and peak force, with much lower add-on, as compared to STF
impregnation. Fabrics grafted with Z-NR also showed lower yarn pull-out as compared to
that observed in STF impregnated fabrics during impact failure.

In the last part of this research, an attempt was made to configure soft armour
panels by imparting angular orientation to constituent woven fabric plies. Seven sets of
3-, 4- and 5- layered panels were stitched from neat and STF impregnated Spectra®,
Kevlar® 363 2S and Kevlar® 802 F fabrics by stacking them in varying angular
orientations. An increase in ballistic energy absorption by 15% to 19%, 34% to 58%, and
7% to 27% was observed with increase in number of angular orientations in STF
impregnated 3-layered Spectra, 4-layered Spectra and 4-layered Kevlar 363 2S panels,
respectively. In 5-layered panels made from neat Kevlar 802 F fabrics, up to 34%

improvement in impact energy absorption was obtained with angular orientations.
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