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Abstract

In recent years, stab protection is getting increasing attention from the researchers and
practitioners. However, unlike ballistic protection, the roles of materials, structures, and test
parameters on the stab resistance are still not well-understood. This study systematically
examines the effects of fibre type, weave and stabbing direction on the quasistatic and dynamic
stab resistance of woven fabrics followed by augmenting the stab resistance performance
utilising ceramic coating and shear thickening fluid (STF). For quasistatic stab test, P-aramid
(Kevlar®), aromatic polyester (Vectran®), and ultra-high molecular weight polyethylene
(Spectra®) fibres were used to weave plain, 3/1 twill and 2/2 twill fabrics of same areal density.
All the fabrics were tested using a P1 knife (N1J 0115.00 standard). Among the fibres, Spectra®
demonstrated the highest stab resistance followed by Vectran®. Plain woven fabric showed
higher stab resistance than the other two weaves in bias direction. For all weaves, stab
resistance was also found to be higher in bias direction followed by weft and warp. In dynamic
stab testing of multilayer fabric panels, fibre type, fabric sett, denier per filament (DPF) and
yarn linear density, significantly influenced dynamic stab resistance performance. Coarser
yarns and higher fabric sett facilitated stab resistance. Besides, the direction of stabbing altered
the dynamic stab resistance performance of these panels, with bias direction showing superior
performance followed by warp and weft directional stabbing. Angular stacking of fabric layers
in multi-layered panels further increased the rigidity of the panel and was found detrimental
for stab resistance applications. In an attempt to develop stab-resistant armours for different
impact energy levels, multi-layer neat and STF treated Kevlar® fabrics were used. The panel
containing 16 layers of STF-treated Kevlar® fabric met the requirements at normal and over-
test conditions showing penetration depth lower than 7 mm and 20 mm, respectively. For
stabbing at high energy level (> 24 J), the effect of number of Kevlar® fabric layers was found

to be highly beneficial in case of STF-treated condition and not so for the neat ones. STF
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treatment reduced the stab penetration depth by 40-68 % at 24-36 J energy level without any
increase in effective weight of the panel. Using a novel sharpness tester and optical microscopy,
it was found that the tip of knife is deformed, and sharpness declines at a faster rate in case of
STF-treated fabric. A combined effect of hard boron carbide (B4+C) ceramic particles and STF
on stab resistance of p-aramid fabric showed interesting outcomes. Acrylic co-polymer-based
thickeners were found to be unsuitable for stab resistance applications due to the stiffness and
rigidity they impart to the fabric which deteriorate the performance. In contrast, an oil-water
emulsion-based thickener maintained flexibility of the fabric coated with ceramic particles.
While increased ceramic particle content enhanced stab resistance, poor adhesion to the fabric
created a practical challenge. A comprehensive solution was developed, by combining ceramic
particles coated and STF impregnated p-aramid fabrics, which utilised the synergistic benefit
of both approaches. When ceramic coated and STF impregnated fabric layers were placed at
the strike face and rear side respectively, the fabric panel significantly outperformed its

counterparts with individual treatments.
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