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A Study on the Failure Modes of Neat Kevlar Fabric and Kevlar Liquid Armor
Impregnated with Shear Thickening Fluid

Byung-1l Yoon™, Heung-Sub Song’, Jong Gyu Paik”

ABSTRACT

In this study, the failure modes by ballistic impacts were studied both for a neat Kevlar woven fabric and a
Kevlar liquid armor impregnated with shear thickening fluid (STF) containing silica particles. These two
materials showed quite different failure modes macroscopically in ballistic impacts tests used by Cal.22 FSP
and 9mm FMJ bullet. Yarn pull-out for the neat Kevlar woven fabric and yarn fracture occurred partially
through all plies from 1st ply to last one for the STF-Kevlar are an important energy absorption mechanisms.
The results observed by S.E.M showed commonly fiber damage which are torn skin in the longitudinal fiber
direction, fiber split axially and fiber fracture for two materials. The reasons why STF-kevlar liquid armor
material exhibits excellent ballistic performance are as follow: firstly the increased friction forces between
yarn-yarn and fabric-fabric covered with silica particles and secondary the evolution of shear thickening
phenomenmon resulting in suppression of yarn mobility.
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Table 1 Specification of KM-2 Kevlar Fabric

Yarn count Areal Thickness Weaving
(yarns/inch) density(g/m?) (mm) structure
28 x 28 149 0.2 Plain weave
A HEF= STFE A Z3F $of Table 19] Kevlardl &
of Gtk STF Alzol AGE Y Fa# 100nm=17]9]
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Fig. 1 Photographs of non-penetrated Kevlar fabrics by Cal.22 FSP

((@) Front face, (b) Back face).

Table 2 Summary of the ballistic tests by Cal.22 FSP

. Penetration(mm)
Material D.EQJ) E.D.P(%) -
Depth Width
Neat Kevlar 24.47 75.66 34.08 19.24
STF-Kevlar 28.47 92.08 17.56 24.70
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(a) 1st ply (b) 2nd ply

(©) 3rd ply

(d)4th ply

Fig. 2 Photographs of pulled-out yams by Cal.22 FSP ballistic test for
neat kevlar specimen layered of 4 plies.
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Fig. 3 Front view of 4th ply showing yam translation.
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(a) 1st ply(front face) (b) 1st ply(back face)

(c) 4th ply(front face) (d) 4th ply(back face)

Fig. 4 Photographs of 1st and 4th ply of an 4 layers in STF-Kevlar
impacted by Cal.22 FSP at Projectile velocity of 243m/s.

S
Fig. 5 S.E.M image of yam pull-out of neat Kevlar fabric.
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Fig. 7 S.E.M images of tom skin of Kevlar fibers in the form of a
helical form.
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Fig. 9 S.EM images of fractured split Kevlar fibers that failed in ballistic
impact by 9mm FMJ bullet.
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Fig. 11 SEM image of a Kevlar single fiber coated with silica particles.
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Fig. 13 S.EM images of brittle fracture of Kevlar fibers at high velocity
of impact(270m/s).
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Fig. 14 S.EM image of fractured split Kevlar fiber impregnated with STF.
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