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ABSTRACT 

 

Soft body armour has been used for many decades to ensure protection against low and medium 

threats. The use of shear thickening fluid (STF) stands out to be one of the most effective 

methods to augment the impact resistance of soft body armour. While a group of researchers 

believes that the inherent shear thickening property of the fluid do contribute to the 

improvement in impact resistance, others opine that the only role that the STF plays is friction 

enhancement. Thus, an attempt was made to decipher the role of STF. An experimental 

approach of correlation among rheological behaviour of the STF, inter-yarn friction in the 

fabric, and impact energy absorption by the fabric during dynamic impact test was adopted. 

The difference in rheological behaviour of the fluid was obtained through polydispersity of 

silica nanoparticles used to make the STF. Thus, different STFs were prepared using mono- or 

bidispersed silica particles, and their rheological behaviour was studied on a rheometer. It was 

observed that the level of inter-yarn friction, estimated through yarn pull-out, was the same. 

However, the energy absorption of fabrics treated with those different STFs showed a specific 

trend akin to that of the rheological behaviour of the STFs. If friction was the only role of STF, 

then the energy absorption should have been the same in all the fabrics. However, because the 

energy absorption was least in the fabrics treated with STFs with the least shear thickening 

intensity and vice versa, it was concluded that STF plays dual roles i.e., shear thickening and 

friction enhancement. Subsequently, an attempt was made to study the efficacy of multiphase 

STF wherein graphene nanoplatelets were used to intensify the shear thickening. It was found 

that with increasing amount of graphene nanoplatelets, the shear thickening increased. It was 

also found that the performance of fabrics treated with the graphene reinforced multiphase 

STFs in terms of yarn pull-out force and energy absorption increased corresponding to the 

rheological response of the STF. Thereafter, three panels, from two grades of Kevlar® fabrics, 

were prepared- the first, untreated; the second, treated with regular STF (i.e., without graphene 

reinforcement) and the last, treated with multiphase STF. For Kevlar® 802F, the energy 

absorption increased gradually from neat to STF treated to multiphase STF treated panels.  For 

Kevlar® 363, the number of bullets stopped increased progressively from 1 in neat panel, to 2 

in STF treated panel, and finally to 3 in multiphase STF treated panel. Following this, an 

attempt was made to study the design strategy of hybrid panels comprising of STF treated 

fabrics. More specially, the study was conducted to understand the role of modulus, fabric 



structure, and the placement strategy in a hybrid panel to obtain minimum back face signature 

(BFS) against an impact velocity of 430 m·s-1. The panels showed better ballistic performance 

when UD fabrics were placed at the strike face and STF treated very high-modulus fabrics at 

the back face. Further, panels having STF treated fabrics showed lower BFS, particularly when 

placed at the rear. It was, thus, proposed that by placing a high modulus UD fabric at the front 

as well as at the back, the BFS will be lessened due to extensive bullet expansion by the strike 

face and enhanced restrain from the backing layers. Finally, the blunt trauma mitigation of 

different non-ballistic grade backing materials was explored. Expanded polyethylene foam and 

polyester spacer fabric were explored in the experiment. Soft armour panels backed with foam 

gave much lower BFS as compared to those backed with spacer fabric or anti-trauma liner. A 

certain panel having areal density of 3.42 kg·m-2, designed using 11 layers of UD laminate as 

the strike face, backed with nine layers of foam, and further restrained with two layers of UD 

laminates at the rear provided a BFS of 16 mm. Thus a strategy for the development of soft 

body armour with minimum weight was established. 


