W5lE [ AR—=2F TV T —r g v HEERME 213

D2
RATILIIZHRT HEERE
BETIYNOBRRIZHAIITT

Impact experiments on aluminum foam targets: as a favored candidate material
for a light-weight space debris bumper shield
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ONaomi Onose, Masumi Higashide, Sunao Hasegawa (JAXA)
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Aluminum Foam targets were tested as a favored candidate material for a light-weight space debris bumper
shield. A target consists of layers of aluminum foam plates, and each plate was made of aluminum powder,
tens of micro-meters in diameter. Their porosity, density, and nominal diameters of pores is 82 %, 500 kg/m3,
and 0.3 mm, respectively. Metal spheres are employed as simulated debris and accelerated to 4 to 7 km/sec.
Bulb shaped craters with small entrance holes are observed. No high-speed ejecta is observed by use of a
high-speed video camera.
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Overview

= Introduction
+ The number of debris has been increasing
+ Porous materials absorb shocks efficiently
= Experiments
+ Aluminum foam (Mitsubishi Materials)
+ Shapes of craters
+ Crater dimensions
+ Dependences of crater dimensions on
Particle Size , Impact velocity , and Particle density
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Introduction: Number of debris

= Number of Space debris increasing year by year.

= Averaged impact velocity of debrisin LEO is
10 km/sec
= |tis very dangerous for our satellites.

E From NASA
The Orbital Debris Quarterly News
3/21

Introduction:
Energy absorption in Porous Matter

= Porous materials convert the impact energy into
heat efficiently.

ex. Porous gypsum targets absorb 31— 62 % of the impact
energy, in impacts at 4 km/sec (Onose et al. 2008).

Thousands of Countable Fragments Carried 0.07 %

S ———mEkof fragments

Ek of finer fragments (at most)

©
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This document is provided by JAXA.



216 FHIAL 22T TE PR FE AR Rr R B JAXA-SP-13-018

Experiments

= Aluminum foam (Mitsubishi Materials)
Hypervelocity Impact Experiments
Shapes of craters
Crater depths and Ballistic limits
Dependences of BL on

+ Particle Size , Impact velocity, and Particle
density

Aluminum foam I

Porosity Mitsubishi Materials metal foams
{%}1 00F

Highly Porous,
Small Pores

Existing metal foam
(Competitors products)

| | |
10 100 1000

Diameter {2 m
from MITSUBISHI MATERIALS website
2013/1/24
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Aluminum foam II

obverse: size and number of pores are small _
L A porosity: 82 %
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Aluminum foam III Obverse

F—IVR L—H—EEMEE VKX-100
2013/1/24
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Aluminum foam IV Reverse

F—IVR L—4—EEMEE VKX-100
2013/1/24

Hypervelocity Impact Experiments

= Target: Stacked plates of aluminum foam

= Projectile: Al, Sus, Cu spheres, 1 mm and 0.3 mm
in diameter

= Impact velocity: 4 - 7 km/sec

(cf. averaged impact velocity of space debris in LEO: 10 km/sec)

Stacked Porowa :
Muminum Tarxel -

{75 mmj)

| Withesa Piate [AZ024)
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Crater Dimensions : A1l 1 mm @6 km/sec

= Entrance Hole Diameter : O

1.8 mm 0.3 mm \L

. . ] Entrance Hole Diameter
Maximum Diameter —

5.6 mm 0.6 mm

Depth ! 9.8 mm Z1.01mm
Volume : 0.20 mm3 *=0.02 mm3
N =4

Small entrance hole
= Little fragments are ejected

A Shape of a crater:
A Result on each Target Plate
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Where is the Material
evacuated from the cavity

Compaction of Pores

Melted and splashed toward downrange

ey et
o~ < 'é511k .. E%i;~

nearly bottom layer of Melt on the crater floor Splash on the witness
the crater plate 13/21
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Impact velocity dependence .
crater Depth/BL

aus 1L.Umm |

Su=s 0.3 mm |

BL: Calculated from the
BL for an aluminum plate
shearing the same weight
per unit area as the
aluminum foam,
employing equations of
Christiansen.

More effective
for the higher
velocity debris

Impact velocity dependence :
crater Dgni/Dypo;

&

Al 1O

Sus 1.0 mim

S Sus 0.3 mm

~6 km/sec:Small entrance hole

7 km/sec: Entrance hole is
enlarged (posssively because of
the blust at the impact)
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Projectile density dependence .
crater Depth/BL

B 1.0 o dd kmsdsee

& 1.0 rron 6 ken/ sae Effective fOl'
all density
debris

Projectile density dependence

crater Dgn./Dppo;

B 1.0 mm @4 km/'sec |

all density
debris

This document is provided by JAXA.



ol [ZA_R—2F TV T —r g v 7] HEERME

Conclusion
= Impact Cratering on Aluminum Foam, 82 % in
Porosity, Result in a Bulb Shaped Crater

Melting and Deformation of The Target was
observed

Aluminum foam is more effective in the higher
velocity debris

Aluminum foam can stop debris made of
aluminum, Sus, and Cu.

The entrance hole of the crater was enlarged in
the case of the impact at 7 km/sec

Conclusions

= Aluminum foam is a favored candidate
material for a light-weight space debris
bumper shield !
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