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Fig. 1 Tllustrative diagram of principle of metallic foam model
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Fig. 2 SPH discretisations of open cell Al-foam with a relative density of 27 %
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Fig. 3 Photo of microstructure of open cell Al-foam with a relative density of 27 %
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Table 1 Parameters of Mie-Griineisen equation of statel'*

Material o/ (g/cm®) co/(m/s) S cv/[J/ (kg « K] r
Al2024 2.785 5328 1.338 875 2.0
2A12 2.77 5328 1.338 921 2.0
5A06 2.64 5328 1.338 921 2.0
Z1.102 2.65 5328 1.338 838 2.0

Note:Parameters of Al2024 was used instead of Al2017 due to the unavailable data. The same below.

% 2 Johnson-Cook 3 & #& B & #110)

Table 2 Parameters of Johnson-Cook strength model'"’

Material G/(GPa) A/(MPa) B/(MPa) C m n T room / (KO T/ (KD
Al2024 27.6 265 426 0.015 1.0 0.34 300 775
2A12 26 265 426 0.015 1.0 0.34 300 775
5A06 27 265 426 0.015 1.0 0.34 300 864
Z1.102 20 265 426 0.015 1.0 0.34 300 700
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Table 3 Results of experiments and simulations

Impact Hole diameter of Hole diameter of Hole diameter of
Sequence .
velocity the first bumper/(mm) the second bumper/(mm) the rear wall/(mm)
number
/(km/s) Exp. Simul. e, /(%) Exp. Simul. e, /(%) Exp. Simul. e, /(%)
1 2.19 9. 26 9. 44 1. 94 12. 81 14. 46 12.9 9. 46 8. 36 11. 6
2 3.41 10. 84 10.91 0. 65 29.72 34.01 14.4 No bulge No bulge —

3 4.06 11.48  11.39 0.78 38.87  42.76 10.0 Bulge Bulge —
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(a) Experiment(2. 19 km/s) (b) Experiment(3. 41 km/s)

(d) Simulation(2. 19 km/s) (e) Simulation(3. 41 km/s) (f) Simulation(4. 06 km/s)
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Fig. 5 The second bumpers after impact
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Fig. 7 Ballistic limit curve of Al-foam stuffed shield
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Fig. 8 Ballistic limit curve of Al-foam sandwiched shield
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Numerical Simulation Investigation in Hypervelocity Impact on
Shield Structure Containing Aluminum Foam

JIA Bin',MA Zhi-Tao” ,PANG Bao-Jun'

(1. Department of Astronautics Engineering s Harbin Institute of
Technology, Harbin 150001 ,China;
2. School o f Aerospace , Tsinghua University ,Beijing 100084 ,China)

Abstract: Aluminum foam is a new type of material for shield of spacecrafts which bears fine characteristics

when subjected to hypervelocity impact of space debris. A microstructure model of geometry for metallic

foams was developed to simulate their manufacturing process. Numerical simulations on hypervelocity impact

were carried out using self-programmed Smooth Particle Hydrodynamics,and the proposed model is validated

by comparison with experimental results. Two Al-foam-containing shield structures against space debris were

presented including Al-foam stuffed shield and Al-foam sandwiched shield. Ballistic limit curves of both shields

were obtained respectively through numerical simulations. Analyses results indicate that the shield perform-

ance of Al-foam stuffed shield is better than that of Al-foam sandwiched shield for the majority of impact

speed range referring to shield against space debris.

Key words: aluminum foam;shield structure;hypervelocity impact; SPH ;ballistic limit;space debris



