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(a) 4-1289 test image

(d) 4-1289 simulation (e) 4-1291 simulation (f) 4-1353 2D simulation
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Fig. 2 Experimental radiographs and corresponding 2D simulated plots of different cases at 7. 2 ps

n

(a) 30 particles (b) 10 particles (¢) 2D 30 particles

3 8L 4-1291 78 7. 2 s BB 57 5 JE B2 B 5 ELAR RS [] SPH BB A 41 25 2R

Fig. 3 Simulation results with different particle diameter through bumper of case 4-1291 at 7. 2 ps
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(a) 4-1515 test image (b) 4-1553 test image
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Fig. 4 Experimental radiographs and corresponding simulated plots with different shapes projectile at 7. 2 ps
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Fig.5 Simulation results with different equation of state at 7. 2 ps
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Fig. 6 Simulation results with different strength models at 7. 2 ps
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(a) Simulation result (b) Simulation result (c) Simulation result
at 3.1 km/s at 8 km/s at 12 km/s
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Fig.7 3D simulation results of debris cloud with different impact velocity at 7. 2 ps
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Table 1 Comparison of experimental debris cloud velocities
and simulation results
Axial velocity/(km/s) Point O Point @ Point @ @ @ |©
Experiment 4-1289 6. 60 6.4 4.9
Simulation 4-1289 6.75 6.4 4.7
Experiment 4-1291 6. 30 6.1 3.9 B8 HEF 7 AR A
Simulation 4-1291 6. 30 6.3 3.9 Fig. 8 Characteristic velocity points

of debris cloud
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(a) Experimental radiograph at 6.6 ws  (b) Experimental radiograph at 22.6 ps () Simulation result at 6.6 ps (d) Simulation result at 22.6 s
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Fig. 9 Experimental radiographs and corresponding simulated material location plots at 6.6 ps and 22. 6 ps

5 #ERIF

A ok AU e A ol 7 3 B T AR W BB UL A R S S IR O ST A R A EE AT DA B O T R
TR B Ty 2 U5 AR R I A e A e R By R R AR AL | SAUE R AR A L R AR A LA R B AR R
AR A RVl — AE R AR R AR A M R B s ) R AR S R R, B R S SR S A R AT A 1 R
Uf . SPH LI K A5 By 37 45 Ky v 3k 43 o B (EL RS 0L 1) A 2800 i A T



52 = JE 7] it Es 1 %18 &

S 28 30 J1 /3 7] Chris X, Quan 1+ AR 2 X H B .
References:

[1] Min G R,Xiao M X. Reliability Design of Spacecraft Module Wall against Meteoroid Perforation [ J]. Chinese Space
Science and Technology,1986,(6) :45—48. (in Chinese)
AR, 44 2. B LR O AR o A R A AR BE 0 mT SRR T [T ] A R R . 1986, (6) 145 —48.

[2] Zhang W,Pang B J,Zou ] X, et al. Meteoroid and Space Debris Shielding Concepts for Spacecraft [ ]J]. Journal of
Harbin Institute of Technology,1999,32(2):18—22. (in Chinese)
i AL BESR L ARZEWA L A MR A RO B AR S s R R B 5 R T MR R IE Tl KR AE i 1999,32(2) 18—
22.

[3] Christiansen E L. Enhanced Meteoroid and Orbital Debris Shielding [J]. Int ] Impact Engng,1995,17:217—228.

[4] Hiermaier S, Konke D, Stilp A J,et al. Computational Simulation of the Hypervelocity Impact of Al-Spheres on
Thin Plates of Different Materials [J]. Int J Impact Engng,1997,20:363—374.

[5] Hayhurst C J,Clegg R A. Cylindrically Symmetric SPH Simulations of Hypervelocity Impacts on Thin Plates [J].
Int J Impact Engng,1997,20.:337—348.

[6] Hayhurst C J, Hiermaier S J,Clegg R A, et al. Development of Material Models for Nextel and Kevlar-Epoxy for
High Pressure and Strain Rates [J]. Int J Impact Engng,1999,23:365—376.

[7] AUTODYN Users Manual Revision 4. 3 [Z]. San Ramon,CA94583 USA : Century Dynamics,Incorporated,2003.

[8] Piekutowski A J. Formation and Description of Debris Cloud Produced by Hypervelocity Impact [R]. 4707,1996.

[9] Piekutowski A J. Characteristics of Debris Clouds Produced by Hypervelocity Impact of Aluminum Spheres with
Thin Aluminum Plates [J]. Int ] Impact Engng,1993,14,573—586.

Numerical Simulation of Debris Cloud Produced by

Hypervelocity Impact of Projectile on Bumper
ZHANG Wei,PANG Bao-Jun,JIA Bin,QU Yan-Zhe
(School of Astronautics  Harbin Institute of Technology s Harbin 150001,China)

Abstract ; All spacecraft in low orbit are subject to hypervelocity impacts by meteoroids and space deb-
ris. These impacts can damage spacecraft flight-critical systems,which can in turn lead to catastrophic
failure of the spacecraft. In order to ensure the astronauts safety and spacecraft normal operation, the
design of meteoroids and space debris protection configuration become an important problem of space-
craft design. The numerical simulations of debris cloud produced by projectile hypervelocity impact on
bumper at normal and oblique angles have been carried out using the SPH (smoothed particle hydro-
dynamics) technique of AUTODYN hydro-codes in this paper. The results using two and three-dimen-
sional simulations are given. The effect of bumper thickness, projectile shape, impact velocity and ma-
terial models etc. on debris cloud has been investigated. The simulation results are compared with ex-
perimental results,and the simulated debris cloud shapes and debris cloud characteristic points velocity
are consistent very well with experimental results.

Key words: meteoroid; space debris; hypervelocity impact; debris clouds; numerical simulation;

smoothed particle hydrodynamics



