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Abstract: Aluminum foam is tested as an important candidate material for a lightweight space debris

bumper-shield. Impact experiments were produced on this material, 74, 82, and 90 % in porosity, 0.4

to 1.2 MPa in compressive strength, employing a two-stage light-gas gun in ISAS/JAXA. Aluminum,

stainless steel, and cupper spheres, 0.3 mm and 1.0 mm, in diameters, were used as simulant debris.

All craters on aluminum foam targets show bulb-like shapes, which are narrow in entrances and

large cavities inside?- 2. In order to evaluate the performance of these types of aluminum foam plates

crater depths and diameters of entrance holes are measured. Four sets of experiments indicate that

the ballistic limit thickness of aluminum foam is a little larger than the value of averaged crater

depths under the same impact conditions. Then the averaged crater depth is compared with the

ballistic limit thickness of aluminum plate sharing the same areal weight for each impact conditions,

by use of equations in Christiansen (2003)?. Previous study showed that the ballistic limit thickness

of aluminum foam, 82% in porosity and having normal strength, is about 60% of that of aluminum

plates sharing the same weight per unit mass?: 2. This study shows as follows: 1) material of

projectile has no effect on the ballistic limit thickness of aluminum foam, 2) aluminum foam stops

higher velocity debris more efficiently, 3) aluminum foam with higher porosity protect debris

efficiently, and 4) aluminum foam with higher material strength keeps diameters of entrance holes

small, even at impacts at 7 km/sec.
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3. 1 Impact conditions and results

Weight
Porosity Thickness  per Unit Type

Area

MEO% FEH% O mm kg/m?
74 74.0 1.0 0.70 Normal
74 74.1 2.0 1.41 Normal
82 80.0 0.4 0.20 Normal
82 82.2 1.0 0.49 Normal
82 81.3 2.0 1.00 Normal
90 88.6 1.0 0.29 Normal
90 88.8 2.0 0.60 Normal
82 80.3 0.4 0.20 Strong
82 82.7 1.0 0.46 Strong
82 81.9 2.0 0.97 Strong




#%. 2 Impact conditions and results

Target Projectile Vi BL, Hit Dp/BL, BLw/BLy  Dent/Dproj

Porosity Type  Material Diameter Average 10 This Average 10
% mm km/sec mm Study
82 Normal Al 0.3 6.03 5.1 47 0.54  0.05 0.75 2.13 0.21
82 Normal Al 1.0 6.09 183 4 0.54  0.05 0.65 1.55 0.10
74 Normal Al 1.0 6.70 132 1 0.59 3.90
90 Normal Al 0.3 639 93 3 0.40  0.02 2.45 0.44
90 Normal Al 1.0 6.69 33.0 1 0.41 2.20
82 Strong Al 0.3 6.20 5.1 16 0.51 0.06 0.62 2.16 0.27
82 Strong Al 1.0 6.30 183 3 0.48 0.01 0.62 1.78 0.13
82 Strong Al 1.0 6.91 203 2 0.45 2.16
82 Normal Al 0.3 4.21 3.9 16 0.57 0.04 2.07 0.25
82 Normal Al 1.0 437 141 1 0.66 1.67
82 Normal Al 1.0 7.03 203 2 0.48 3.04
82 Normal Cu 0.3 560 94 18 0.52  0.07 2.12 0.23
82 Normal Sus 0.3 420 6.7 12 0.73  0.07 1.90 0.17
82 Normal Sus 0.3 570 88 5 0.56  0.03 1.97 0.12
82 Normal Sus 1.0 414 239 1 0.59 1.30
82 Normal Sus 1.0 586 31.1 1 0.53 1.47
82 Normal Sus 1.0 6.906 344 1 0.47 NA
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. 3 Nomenclatures

Symbols
Vv: - Impact velocity
BL Ballistic Limit
D : Diameter
Dp Depth
0 . Density
Subscripts
p . Predicted
m : Measured
ent Entrance hole’s
proj Projectile’s
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