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A Study on the Low Speed Impact Response and Frictional Characteristics of Shear
Thickening Fluid ImpregnatedKevlar 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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Fig. 1 Schematic diagram of rheology property of STF.
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Fig. 2 SEM image of nano-silica particle (KE-P 30).

Table 1 Specification of nano-silica partlcles
Property KE-P 10 KE-P 30 KE-P 50
Avcrage diameter 0.11 5 - o
(m) (0.08~0.14) 0.28 (0.27-0.34) | 0.54 (0.50~0.60)
Surfacg arca 40~60 20~40 10~20
(mg)
gm»ny(g cm’) ca. 1.9
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Fig. 3 Schematic diagram of the STF mixturc,

&

gabe Sfall glubgdel - vl (Methanol)f: B MAE AME
skaict. Fig. 3 dybsst 'n‘"ﬂ"] A 2GS Hodatal 9l

e Al2oh QAT WA siEkgol AR $ PEGI:
Jbstel Awat AlIEh AHSTRAL TS )42
HAEE Aol HAAS WA 96 %;L:A!/]
(Homogenizer)it ©]-§-3lo] 8000 rpmO.it 108-7F EARAIYL %
289t A ](Sonification)i: S8¥stdct. o]@A Axyl #Hgh
sl Gale] SwHItA A4S 98] ARES(Advanced

ARgsto] gk o]

O
o

rheometric expansion system) V3.004%

kit g4del Wekt A4etln Fig 4tz Ui Aelrt Aol
A7y AT AMohHY S Ao AL BHolfRa Qich
Ui Alejot ake) AEgol 65%2l e ddel 27w

3

’.‘.?Hﬂ’%"‘:’fol 4‘%’ | whel Aol wopzli: HMuithel |4t

oAl HAdel 48] Brteh: dehsst &

o] %350*‘- dakel zi7)7d FALaE Adhsst @A A

A H(Onset point)o] == ArrHE g0 27)7} 2748k 8191
sfelct

. 100nnv 65wt%

100 4
300nm/ 65v4%
500nm! 65wt%
w
é“; 10+ —=-  80s
2 3600
@
g ’ [ s

ki T T
o1 1 10 19 €20
shear strain rate(sec’)

Fig. 4 Shear strain rate vs. viscosity plot of STF.
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Table 2 Property of Kevlar KM2' yam

Property Values
Lincar 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
Arcal dcnsity(g/cmz) 149
Thickness(mm) 0.2
Fabric system Plain weave
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Table 4 Specimen designation
D s Specimen 4 clamp Specimen 2 clamp

S1 Ncat 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

100 mox 100 mm

Fig. 5 Plain woven fabric specimen for drop impact Testing.

Fig. 6 SEM images of STF impregnated Kevlar fabric.
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Fig. 7 Drop testing machine(Instron Dynatup 8250) and air pressurized
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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 (¢) S3:
fabric with STF (100nm).
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Fig. 9 Impact force vs. time plot of the 4 edge clamping specimens

(a) neat fabric and fabric with PEG (b) fabric with STF.
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Fig. 10 Fabric deformation of the 2edge clamping specimens after drop
impact tests (a) S6: neat fabrics (b) S7: fabrics with PEG (¢) S8:
fabrics with STF (100nm).



20 o]Be - o] 4 - PYHT -

A MR IR

——$6: Neat fabric
— — S7: Fabric with PEG

{mpact force(kN)

T T T
-5 ] 5 10 15 20 25

Time(ms)
(a)
12
—0o— §8: 100nm
104 — — $9: 300nm
4 $10: 500nm

064
4
X 064
g
e
2
5 044
©
a
E o2

00 e~ vir¥

-02 T T T T T

R 0 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 (b) fabrics with STF.
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Specimen 100nm 300nm 500nm
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Speed 1356 mm/min 432 mm/min 96 mm/min
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