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Puncture and Cutting Resistance Characteristics of Shear Thickening Fluid
Impregnated Kevlar Fabrics

Bok-Won Lee’, 1l-Jin Kim', Yeon-Gwan Lee’, Chun-Gon Kim™, Byung-Il Yoon™, Jong Gyu Paik

ABSTRACT

Stab threats using sharp edged or pointed instruments could be easily encountered by police officers or
soldiers. In this study, the shear thickening fluids (STF) was impregnated into Kevlar fabrics to improve the
stab protection and the resistance of STF impregnated Kevlar fabrics was experimentally investigated. The
puncture and cut resistance were tested using a drop test machine withspike and knife indenters fabricated
based on the National Institute of Justice (NIJ) standard. The STF was filled with spherical SiO, particles
having an average diameter of 100nm, 300nm, and 500nm. The effect of particle size on puncture and cut
resistance of STF impregnated Kevlar fabrics was also investigated. The measured impact load histories showed
that STF impregnation into fabric leads to withstand higher peak loads than that of neat fabrics under spike
test. The test results showed that Kevlar impregnated with STF exhibit remarkable improvements in puncture
resistance while it is slightly influential on the cut resistance. Specifically, particle size is the one of the
dominant factors controlling fabric resistance to puncture under spike impact test.
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Fig. 2 Stab resistance test setup.
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Fig. 3 Engineering spike and Engineering blade.

Fig. 4 Photographs of spike drop tests.
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Fig. 5 Photographs of fabric damageof the first layer at m= 2.527kg
and h=0.2m.
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Fig. 6 Time vs. impact force curves for spike drop tests (a) at h=0.1m,
2.48J (b) at h=0.15m, 3.72J (c) at h=0.2m, 4.96J
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Fig. 7 Schematic of (a) the stages of puncture process and (b) in-plane
fabric deformation

Fig. 8 Photographs and SEM images of the rear surface of the first layer
at m=2.527kg and h=0.2m.
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Fig. 9 Number of penetrated papers after spike drop tests.
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Fig. 11 Photographs of fabric damage of the first layer at m=2.527kg
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