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A Study on the Low Speed Impact Response and Frictional Characteristics of Shear
Thickening Fluid Impregnated Kevlar Fabrics

Bok-Won Lee", Song-Hyun Lee”, Chun-Gon Kim"*, Byung-11 Yoon™, Jong Gyu Paik™

ABSTRACT

In this study, shear thickening fluid (STF) filled with rigid nano silica particles was impregnated in plain woven
Kevlar fabrics to improve the impact resistance performance. The nano silica particles with an average diameter of
100nm, 300nm, and 500nm were used to make shear thickening fluid to estimate the effect of particle size on the
impact behavior of STF impregnated Kevlar fabrics. The yarn pull-out and frictional tests were conducted to estimate
the effect of impregnated STF on the frictional characteristics. The test results showed that the friction forces were
dramatically increased at the STF onset shear strain rates that were measured in preliminary rheology tests. The low
speed impact tests were performed using the drop test machine. The results showed that the impregnated STF improved
the impact resistance performance of the Kevlar fabrics in terms of the impact energy absorption and the deformation.
It has been shown through tests that the impregnated STF affects the interfacial friction which contributes to improve
the energy absorption in the Kevlar fabrics. Especially, the impregnation of the STF with the smaller particle size into
the Kevlar fabrics showed the better performance in impact energy absorption.
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Table 1 Specification of nano-silica particles
Property KE-P 10 KE-P 30 KE-P 50
Average 0.11 0.28 0.54
diameter (um) (0.08~0.14) | (0.27~0.34) (0.50~0.60)
Surface area 40~60 20~40 10~20
(m*/g)
gravity(g/cm?) ca. 1.9
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Fig. 3 Schematic diagram of the STF mixture
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Fig. 4 Shear strain rate vs. viscosity plot of STF
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Table 2 Property of Kevlar KM2® yarn

Property Values
Linear density(dtex) 667
Tenacity(cN/tex) 247.1
Breaking strength(N) 165
Elongation at break(%) 3.80
Modulus(cN/tex) 5560

Table 3 Property of Kevlar KM2® fabric

Property Values
Yarn count(denier) 600
Fabric count(yarn/inch) 28x28
Areal density(g/cm2) 149
Thickness(mm) 0.2
Fabric system Plain weave

Fig. 5 Plain woven fabric specimen for drop impact
Testing
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Table 4 Specimen designation

Specimen 4 clamp Specimen | 2 clamp
S1 Neat fabric S6 Neat fabric
S2 PEG S7 PEG
S3 STF 100nm S8 STF 100nm
S4 STF 300nm S9 STF 300nm
S5 STF 500nm S10 STF 500nm




Fig. 7 Drop testing machine(Instron Dynatup 8250)
and air pressurized jig
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Fig. 8 Fabric deformation of the 4 edge clamping specimens
after drop impact tests (a) S1: neat fabric (b) S2:
fabric with PEG (c) S3: fabric with STF (100nm)
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Fig. 10 Fabric deformation of the 2 edge clamping
specimens after drop impact tests (a) S6: neat
fabrics (b) S7: fabrics with PEG (c) S8: fabrics
with STF (100nm)



—o— S6: Neat fabric [
oy |_—-— S7: Fabric with PEG

<
o

Impact force(kN)
=]
2

02

0.0 fremrermtt
T T T T T
5 0 5 10 15 20 5
Time(ms)
(@
12
[——s8: 100nm |
104 —— 58 300nm
| 510: 500nm
084
= -
% LR .
)
5 y J:‘
T 944 LY
L] 2 .
E o2 5
004
02 T T T T T
5 o 5 10 15 20 25
Time({ms)
(b)

Fig. 11 Impact force vs. time plot of the 2 edge clamping
specimens (a) neat fabrics and fabrics with PEG
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Table 5 Onset pull-out speed of each specimen
Specimen 100nm 300nm 500nm
P STF/Kevlar STF/Kevlar STF/Kevlar

Speed 1356 mm/min 432 mm/min 96 mm/min
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