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ARTICLE INFORMATION ABSTRACT
Original Research Paper Recently shear thickening fluids (STF) are applied more and more to improve the penetration resistance
Received 11 November 2016 of fabrics. In this research, at first, the performance of the neat and STF impregnated fabric subjected to
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- ‘ the impact of 8.7 mm diameter steel spherical projectile is investigated experimentally. Then, the
Available Online 13 February 2017

numerical analysis is done to study the effective parameters such as fabric density, static and dynamic
coefficients of friction between yarns and between projectile and fabric, boundary conditions and

Keywords:

Woven fabric number of layers of fabric by using commercial tool LS-DYNA software. Previous studies expressed
Shear thickening fluids that the major factor that improves the energy absorption capacity of STF impregnated fabrics is the
Projectile impact friction between the impact projectile, fabric, and yarns within the fabric, however, here the
E;g‘:iirg:r:;‘t“dy investigations showed that in addition to the friction, the mass of added STF is effective in the results.
Y Increasing the mass of the fabric by adding STF is considered as the increasing density of the fabric.
Empirical investigations showed that STF-impregnated fabrics exhibited a significant enhancement in
penetration resistance performance as compared to neat fabric such that the projectile penetration
subjected to the fabric with 44% wt STF decreased 63% compared to neat fabric. The simulation results
showed that, if the STF effects were just assigned to increased friction, the projectile penetration
decreased 43% compared to neat fabric. But if in addition to friction the mass of the STF is considered
as the effective parameter, the penetration decreased 58% which has good agreement with experimental

data. This indicates the importance of considering the mass of STF in numerical simulations.
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Fig. 1 The conditions of the sample in experimental study
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Table 1 Mechanical properties of the fabric with elastic behavior
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Table 2 various case of friction levels with different static and dynamic
coefficients for numerical simulation
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Table 3 The amount of absorbed energy (J) for two different boundary
conditions and the various friction levels based on numerical simulation
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Fig. 5 The simulated woven fabric by shell elements
5 ool @0t and (slone 4zl 592355 S5

30 T

&
o
5
2
7 -
£ =
* r =-=-= Clamped BC
15 +
r Free BC
10 t t t t |
0 40 80 120 160 200

Time (Micro sec)

Fig. 6 The comparison of the kinetic energy evolutions in two case of
boundary condition for the fabric based on numerical modeling
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Table 4 The effect of fiber density on the ballistic performance of one
layer fabric based on numerical modeling
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Fig. 7 Variations of the kinetic energy of the projectile according to
time and in different states of friction based on numerical modeling
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Fig. 11 The deformation of simulated fabric in case (5) of friction and
considering the mass of STF effect in fabric density
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Table 6 Comparison of the amount movement (mm) of the simulated
impregnated fabric with experimental data
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Table 5 Comparison of the amount movement (mm) of the simulated
clean fabric with experimental data
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Fig. 9 Four layer fabric the impact of spherical projectile
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Fig. 10 The four-layer fabric deformation after the projectile impact in
case (1) of friction
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