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Computational Analysis of Heracron Fabric at High-velocity Impact

YunHo Kim*, Chunghyeon Choi*, Sarath Kumar Sathish Kumar*, JiHun Cha*, Chun-Gon Kim*'

ABSTRACT: Advanced fiber fabrics have been utilized in not only anti-stabbing and bullet-proofing for body armor
but also various industrial fields including vehicular armor and spacecraft structure. Furthermore, there have been a
number of research to improve the ballistic performance of advanced fabrics introducing many computational
approaches. In our research, an advanced fabric, Heracron manufactured in South Korea was modelled firstly using
Autodyn, a commercial software specializing in impact and explosion phenomenon. The sensitivity of the input
parameters was also confirmed by conducting simulations. To verify the numerical modelling, we measured and
compared the simulation results with velocity decrements after impact involving one, three, and five layers of
Heracron under 200-500 m/s impacts by an aluminum spherical projectile. The Heracron fabric was successfully

modelled using Autodyn.
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2.1 Modelling
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Fig. 1 (a) HT-840 model with plane symmetry condition, (b)
Dimension, (c) Cross section
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Fig. 2 (d) Plane view, (e) Magnified view of mesh
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Table 1 HT-840 properties[5]

A ®AKEL7] 98)) Grady spall
¢l A= o] A9 AAalEo] =of

HT-804D Value

Density (g/cm®) 1.44
EOS : Ortho

Young’s Modulus (GPa) 100

(longitudinal direction)

Young’s Modulus (GPa) i

(transverse direction)

Shear Modulus (GPa) 2.9
Failure: Material Stress/Strain

Longitudinal Stress (MPa) 3370

Longitudinal Strain 0.034
Erosion: Geometric Strain 0.5

Table 2 Al 2017-T4 properties[10]
Al2017-T4 Value

Density (g/cm?) 2.785
EOS: Shock

Gruneisen Coefficient 2

C1 (m/s) 5320

Reference Temperature (K) 300

Specific Heat 863
Strength: Steinberg Guinan

Shear Modulus (GPa) 28.6

Yield Stress (MPa) 260

Maximum Yield Stress (MPa) 760

Hardening Constant 310

Hardening Exponent 0.185

Derivative dG/dP 1.8647

Derivative dG/dT (MPa/K) -17.6

Derivative dY/Dp 0.01695

Melting Temperature (K) 1220
Failure: Grady Spall Model 0.13
Erosion: Geometric Strain 1
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Fig. 3 Experiment set-up

Table 3 Calibration with magnetic, laser intervelometer

Velocity measured Velocity Velocity
Test date by magnetic  |measured by laser| difference
sensors (m/s) sensors (m/s) (m/s)
20180416 470.9 470.3 0.6
20180502 528.5 526.9 1.5
20180510 477.1 475.9 1.2
20180511 222.2 220.3 1.9
20180514 347.5 346.6 0.9
20180724 500.0 499.7 0.3
20181022 484.9 483.9 1.0
20181022 286.8 287.6 -0.7
20181201 592.6 594.4 -1.8
20181201 566.4 566.5 -0.2
20181210 529.1 530.1 -1.0
20181211 152.4 150.4 2.0
20181211 153.6 154.3 -0.7
20181221 515.1 515.2 -0.1
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Fig. 4 Heracron fabric after impact
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Fig.5 Experiment and simulation results of five layers of fabric
after impact (t=100 ps)

Fig. 6 Experiment and simulation results of five layers of fabric
after impact (t=100 us)
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Fig. 7 Experiment and simulation results of HT-840 single layer

600

[y
(=3
o

Z +
E400 =
s =
3 &
¥
= 300
>
=
S 200
3
< -@-Experiment

=
(=]
o

+-Simulation

400 425 450 475 500 525 550 575 600
Impact velocity (m/s)

Fig. 8 Experiment and simulation results of HT-840 three layer
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Fig. 9 Experiment and simulation results of HT-840 five layer
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Fig. 14 Bottom view (blue: projectile, skyblue and green: fabric)
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Fig. 15 Residual velocity and geometric strain for erosion
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