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General Paper

Energy Absorption Characteristics of Z-shape Fabric under High
Velocity Impact

Chunghyeon Choi*, Yurim Park*, YunHo Kim*, Jae-young Noh*, Chun-Gon Kim**

ABSTRACT: In this study, the Z-shape fabric design is proposed as the way to enhance the ballistic performance of
fabrics which are used as the intermediate layer of stuffed Whipple shield configurations. The Z-shape fabric employs
a different boundary condition from those of conventional configurations of fabrics which include 4 edge fixed.
Impact analysis on Z-shape aramid yarns and fabrics using LS-DYNA software was performed and the results were
compared with 2 edge fixed and 4 edge fixed fabrics to identify the high velocity impact energy absorption
characteristics of the Z-shape fabric. It was revealed that the Z-shape showed different impact behavior and higher
energy absorption performance than 2 and 4 edge fixed fabrics.
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Fig. 1. Stuffed Whipple shield [2]
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Fig. 2. Z-shape and simply layered fabric configurations
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Fig. 3. Mesh and modeling result of yarn
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Fig. 4. Schematic diagram of yarn profile [3]
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(a) wedge-tipped projectile (b) Spherical projectile

Fig. 5. Mesh and modeling of wedge-tipped projectile
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Table 1. Properties of Kevlar KM2 yarn

Properties Values
Longitudinal modulus (E,;) [5] 84.62 GPa
Transverse modulus (E,,, E,;) 846.2 MPa
Shear modulus (G5, G,3, Gy,) [#] 10.0 GPa
Poisson’s ratio (v;,) 0.01
Longitudinal strength of fiber (o,) [5] 3.5 GPa
Density (p) [6] 1.31 g/em®

0.4 (layer-to-layer)

Static coefficient of friction (W) [7] 0.26 (yarn-to-yarn)

0.2 (layer-to-layer)

Dynamic coefficient of friction (u,) [7] 0.18 (yarn-to-yarn)

Exponential decay coefficient (c) 1.23

Table 2. Mechanical Properties of Al 2017-T4

Properties Values
Density (p) 2.79 g/em’
Young’s modulus (E) 72.4 GPa
Poisson’s ratio (v) 0.33
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Fig. 6. Time history of Impact analysis for 3-layer aramid yarn
analysis

Table 3. Absorbed energy of 1-layer Kevlar fabric

Experiment results Analysis results
Vinitial (110/8) 267.3 315.2 286.2 289.6
V esidual (/) 164.9 234 189.9 190.32
5.53 5.57 5.73
Eavtea 1) Mean: 5.61 >9
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Where

E roned absorbed kinetic energy of projectile by fabric
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Fig. 7. Von Mises stress result of 1-layer aramid fabric impact
analysis (V, s = 289.57 m/s, t = 30 us).

E, i initial kinetic energy of projectile
E, aa: Tesidual energy of projectile after impact
V.
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v
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Initial velocity of projectile
i residual velocity of projectile after impact
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Fig. 9. Visualized impact analysis results of 3-layer of aramid fab-
ric (Vi = 320 m/s, A=30 mm x 30 mm, t =50 us)
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