BEE AT ER 1

'8
HeHs 3k A7 8 Keviar X 20] weksy

*q = *% %
S5, 2HY, AR, uEd ), AR

Ballistic Resistance Performance of Kevlar Fabric Impregnated with
Shear Thickening Fluid

Heung-Sub Song”, Byung-I1 Yoon', Chang-Yun Kim", Jong-Lyul Park, Tae-Tin Kang"

ABSTRACT

Manufacturing process of the shear thickening fluid(STF) and evaluation of the ballistic penetration resistance
performance of the Kevlar-STF composites were studied. STF was made from silica and ethylene glycol, and
the Kevlar-STF composite was made by impregnating the STF into the Kevlar fabric. Specimens including neat
Kevlar woven fabrics and Kevlar-STF composites with two types of silica were prepared and carried out the
ballistic tests. From the results STFs represented shear thickening behavior irrespective of the silica type, and
Kevlar-STF composite with spherical silica showed best ballistic penetration resistance performance among them.
Especially the specimens of Kevlar-STF composites with spherical silica showed radial fiber deformation by the
projectile during the tests, that was somewhat different deformation behavior from those of the neat Kevlar
fabrics shown fiber pull-out phenomena or fracture.
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Table 1 Specification of KM-2 Kevlar
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Fig. 2 Schematic layout of firing site for the test.
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Fig. 3 Details of the specimen & clay at the target.
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Fig. 4 Assembly of the target including clay & specimen.
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Fig. 5 Relation between residual velocity of projectile and penetration
depth in clay.
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Fig. 6 Shear thickening behavior of the fumed silica-STF.
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Fig. 7 Shear thickening behavior of the spherical silica STF.
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Fig. 9 SEM images of the STF-Kevlar composite impregnated with
spherical silica 65%-STF.
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Fig. 10 SEM images of the Kevlar composite impregnated with fumed
silica 21.5%STF.
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Table 2 Ballistic resistance properties of the neat Kevlar with ply number

Kevir | 97 | 2842 | mgge | g+ | I3
3| @ | () @mm) | A4AD | Epp,
2 1.53 234 638 153 493
4 3.39 250 45.4 26.4 76.0
8 6.19 261 27.9 34.5 90.9
14 10.57 263 19.5 36.4 95.1

(a) (b

(© (d)

Fig. 11 Photographs of the Kevlar fabrics after ballistic test with ply
number : (a) 2, (b) 4, (c) 8 and (d) 14 plies.
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Fig. 12 Relationship between EDP and sample weight for the neat
Kevlar fabric and STF-Kevlar specimens.
Table 3 Ballistic resistance properties of the Kevlar fabric impregnated
with fumed silica STF & spherical silica STF
ZE ke 14 2
wa) ZE e | i | 308
® | s (mum) o | EDP)
B Slliea | 469 | 243 190 | 306 | 945
Fumed silica | 520 | 246 246 | 311 | oLl
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Table 4 Effect of the ply number of the neat Kevlar on the penetration
depth and hole diameter at the target
Kevlar &4 A (g) %Lif)o] Tﬂ:i:l';g
2 1.53 63.8 12.0
4 3.39 454 17.2
8 6.19 279 17.7
14 10.57 19.5 19.1

(b)

Fig. 13 Photographs of the STF-Kevlar composites after ballistic test :
(a) Spherical silica & (b) fumed silica.
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