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Abstract: In this study, we investigate the dispersion behavior of debris and debris cloud generated by
high-velocity impacts using the smoothed particle hydrodynamics (SPH) technique. The projectile and target
plate were made of aluminum, and we confirm the validity of the SPH technique by comparing the measured
major and minor axis lengths of the debris cloud in the reference with the predicted values obtained through
the SPH analysis. We perform high-velocity impact and fracture analysis based on the verified SPH technique
within the velocity ranges of 1.5~4 km/s, and we evaluate the dispersion behavior of debris induced by the
impact in terms of its kinetic energy. The maximum dispersion radius of the debris on the witness plates
located behind the target plate was increased with increasing impact velocity. We derive an empirical equation
that is capable of predicting the dispersion radius, and we found that 95% of the total kinetic energy of the
debris was concentrated within 50% of the maximum dispersion radius.
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b 20 mm
X Target plate
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Fig. 1 Schematic of impact analysis using a SPH
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Table 2 Material properties of Al2024"

Material properties Value
Density 2.785 x 10° kg/mm’
Shear modulus 27.6 GPa
Yield stress 0.265 GPa
Hardening constant 0.426 GPa
Hardening exponent 0.34
Strain rate constant 0.015
Thermal exponent 1
Melting temperature 775 K
Reference temperature 300 K
Specific heat capacity 875 J/kg-K

Table 3 Constants and corresponding values of
Al2024 used in the equation of state™

Constant Value
Bulk sound speed 5328 m/s
Particle-shock velocity slope 1.338
Gruneisen gamma 2
2a
btop
v

O
\ bbottom

Fig. 2 Schematic view of characteristic parameters
for debris cloud analysis
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Fig. 3 Side views of debris clouds produced by
impact of a spherical projectile into a target
plate at 16.42 ps. Impact velocity is 4.28
km/s and t/D ratio is 0.5: (a) experimental
and (b) prediction
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Table 4 Comparison of experimental and predicted
parameter values

paaetr | Experivenal” | Predied T Eoer
2a 42.21 41.25 2.2
Diop 15.03 14.13 5.9
Dbottom 15.01 13.99 6.7

A0
© 4 ks

Fig. 4 The dispersion patterns and maximum dispersion radii of particles distributed on the witness

plate according to the impact velocity
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Fig. 6 Shapes of smashed projectiles at 20, 40 and 60 mm away from
impact locations: (a) initial velocity = 2 km/s and (b) initial velocity

= 2.5km/s
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