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Ballistic Resistance Performance of Kevlar Fabric Impregnated with
Shear Thickening Fluid

Heung-Sub Song™, Byung-Il 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. 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

Keviar | %7 | 354% | wggel | g4+ | A
5| @ | (mb) (mm) | eHAQ) | £
2 1.53 234 63.8 15.3 49.3
4 3.39 250 45.4 26.4 76.0
8 6.19 261 27.9 345 90.9
14 10.57 263 195 36.4 95.1
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Fig. 11 Photographs of the Kevlar fabrics after ballistic test with ply

number : (a) 2, (b) 4, (c) 8 and (d) 14 plies.

HI[10]o] w2 &5 Kevlard]®o] Wlzo] w2 V50
2 o] AT U oS3 vb Yyl 1 Adte] B A]

3ol AFRE Kevlar AE0] Wax zhe welshd 420 7
ooluAe ofF 21, %94 7o oF 42) o|t}t. TEw ]g
V50 %IRE shalksld 420 A9 oF 200mfs, 850 9= oF
280m/s2 F7g et wEba 4% o Kevlar A|FH| 49 24
= V50 ghuch 2 AJFoAle] gy (250mis)o] o ng wiEh
Ao} HeE gol Ad vk o A4 =i o] wfief

&0 Wy Hrie pull-out E= n}c} So| wE Aoz o

ZEt} ol B Aol 429] &g Keviar 21E9] F4of
] 26.4)(Table Z)O] Kevlar 2]&59] A% oA 21) K
o & AR REE ZERlHE 3 83| HY WoEo] g
o &% ouvAEe A "ok webA ool AfY FE
22l pull-outat A “094 o] FAll Uehhes Ze=w
T Hey AEY S47F solu 1430] HY AR
o ¥z o] g 0}7\]74] 5101 2= Ao pull-out B2
ARFR| AL A5 B R AN e s 2o s weH

100
H © -
5]
5 90 ¢ oo
o
<
k=l
]
o
‘@ 804
o
a
= m}
=
[
G 70 O  Neat Kevlar
N <& Fumed silica-STF/Kevlar
a O  Spherical silica-STF/Kevlar
i
60

T T T
4 6 8 10

Weight of Sample (g)

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

A | ZE | wsgel | 4oy | 2A
@ & mm) | A | EE
(mfs) ) (E.D.P.)
3 silica
STFo—KevIar 4.69 243 19.0 30.6 945
Fumed silica
STE-Kevlar 5.22 246 24.6 31.1 91.1
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Table 4 Effect of the ply number of the neat Kevlar on the penetration 4. é %
depth and hole diameter at the target

Kevlar 2 | %7 (g) Aol e 2 dTE Elel AN WhIcleR AdWsE Sy
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Fig. 13 Photographs of the STF-Kevlar composites after ballistic test :
(a) Spherical silica & (b) fumed silica.
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