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Table 1 Physical parameters of simulations Suport
Sphere
Physical parameters Values
Shicld thickness 8/(mm) 0.5, 1.0, 1.5, 2.0 2.5, 3.0 ‘ o
Sphere diameter d/(mm) 6. 35 v.d
Impact velocity v/ (km/s) 1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5,5.0 \
Sheet
Shield material Al 6061-T6 —+
%%
Sphere material Al 1100-0O

B2 B fy s T

Fig. 2 Simulation set-up
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Table 2 Comparison between experimental and numerical values of M./M,

Sphere diameter  Shield thickness  Impact velocity M. /M, M. /M,
Ne- /(mm) /(mm) /(km/s) (Experimental) (Numerical)

1 6. 35 1.0 6.0 —0.070 —0.046
2 6. 35 2.0 6.0 —0. 200 —0.152
3 6. 35 2.0 7.2 —0.150 —0.160
4 7.95 1.0 6.0 —0. 060 —0.033
5 7.95 1.0 7.2 —0.050 —0.032
6 7.95 2.0 6.0 —0. 180 —0.107
7 7.95 2.0 7.2 —0.150 —0.109
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Models for Momentum of Debris Cloud and Ejecta Produced by
Hypervelocity Impacts of Aluminum Spheres
with Thin Aluminum Sheets

CHI Run-Qiang, GUAN Gong-Shun,PANG Bao-Jun,ZHANG Wei, TANG Qi
(Hypervelocity Im pact Research Center , Harbin Institute of Technology s Harbin 150080,China)

Abstract ;: Debris clouds produced by the normal impact of an aluminum alloy sphere with an aluminum
alloy sheet can scatter flying downrange,as well as an ejecta veil is produced at the same time. The
momentum of debris clouds and ejecta are necessary to create the debris clouds and ejecta theoretical
models. 54 numerical simulations were performed using the SPH (smoothed particle hydrodynamics)
technique in AUTODYN-2D,in which 6. 35 mm diameter of 1100-O aluminum spheres impacted six
thicknesses of 6061-T6 aluminum sheets at velocities ranging from 1.0 km/s to 5. 0 km/s. Using the
data from the numerical simulations,two respective regression models are developed for characterizing
the momentum of debris clouds and ejecta produced by impacts with 1. 0km/s<<v <<5. 0 km/s,0. 5 mm
<(0<<3. 0 mm. In the two models,the independent variables are the impact velocity,v,and the thick-
ness of the sphere,t,while the dependent variables are the momentum ratios (ratios of debris clouds
momentum and ejecta momentum to sphere momentum). The effects of v and § on the momentum of
debris clouds and ejecta are investigated. Seven additional numerical simulations in the same way as a-
bove were carried out and values obtained are compared with the experimental data of NASA to evalu-
ate the performance of the simulation.

Key words: momentum;debris clouds;hypervelocity impact; numerical simulation;space debris;fragmentation



