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Fig.1  SEM image of B
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C-Al based composite 

¢£B�'���yÑ�K� 10 ns5#$��j=1v

�D� 3 mmv 3.5 mm'½`� LY12���'1vv

������#$'Ci#$"(u�� 3.0~6.5 km/s

��5�( 1 mmÆ�D 90 mm� B

4

C-Al������

�M�^!a�������5=MH�� 2A12 ��

������� 200 mm×200 mm×1 mm'¿(E��Ç

(J�� 2.73 g/cm

3

E 276 MPa'®¯j=����6

��(� 2 mm'���v®¯��� 80 mm5i 2j

k�y1v !"#$o�®���� Whipplest|

/��5 

������	
�

 !"#$���f�®¯°;{�}R 1jk5

��nj7���C�1v$�'InÙÚ���A�

JO�a�DF��a�]������Doa'�H

®¯�����D�2 mm �¦§��R� i�¡¢

��£Ñ�#$°;¤B5 

ýM���Whipple|~�Christiansen1�´¹¥

�

[9,10]

'	¦�§X1v�D d

c

�¨�©�#$"(	

­ª+,«ß$�st|~®¯Ñ�1v�D��¬[

­�'AG®#$´¹¥�F"(J� 3®¯@0~3 km/s  
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Fig.2  Shielding configuration after hypervelocity impact test 
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Table 1  Experimental parameters of impact tests 

No. 

Bumper 

material 

Projectile 

diameter/ 

mm 

Impact 

velocity/ 

km·s

-1

 

Penetration 

state of rear 

wall 

Bulge 

number of 

rear wall 

1# Al6061 3.0 3.00 Penetrated - 

2# B

4

C-Al 3.0 3.07 Penetrated - 

3# Al6061 3.0 5.11 Unpenetrated 57 

4# B

4

C-Al 3.0 5.21 Unpenetrated 16 

5# Al6061 3.0 6.52 Unpenetrated 28 

6# B

4

C-Al 3.0 6.44 Unpenetrated 5 

7# Al6061 3.5 4.98 Penetration - 

8# B

4

C-Al 3.5 4.82 Unpenetrated - 

TiB
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Al 

Rear wall 

Bumper 

Impact 

direction 
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Fig.3  Perforation characteristics of the bumpers: (a) 4# B
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Fig.4  SEM images of perforation microfractograph of the B
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Fig.5  SEM image and EDS element analysis of the perforation in 
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Fig.6  Damage images of the rear wall: (a) 7# test and (b) 8# test 
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Ú 7  $%!Sß!Sà_àáU SEMÚÛ 

Fig.7  SEM images of the central impact area: (a) impact craters and 

(b) bottom of impact crater 
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Fig.8  SEM images of the outer impact area: (a) impact craters and 

(b) bottom of impact crater 
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Ú 9  1#_ 2#mnoUQR��q�3 km/s� 

Fig.9  Debris cloud structure of 1# (a) and 2# (b) bumper (3 km/s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ú 10  3#_ 4#mnoUQR��q�5 km/s� 

Fig.10  Debris cloud structure of 3# (a) and 4# (b) bumpers (5 km/s) 
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Abstract: In order to improve the shielding ability of spacecraft against space debris hypervelocity impact, the B

4

C-Al based composites prepared 

by pressureless presintering and aluminium infiltration in a vacuum were designed as the front bumper with Whipple shielding configuration, and 

the hypervelocity impact tests were carried out to evaluate the shielding performance of B

4

C-Al bumper and Al alloy bumper at the impact velocity 

of 3~6.5 km/s. By comparing the bumper penetration, the rear wall damage state and the debris cloud structure of two different bumper materials at 

various impact velocities as well as the SEM and EDS results, the relationship among the bumper material properties, the cratering mechanics of 

rear wall and the debris cloud characteristics was discussed. The results indicate that the B

4

C-Al bumper can break the projectile into smaller 

pieces and even melt the debris, and the impact damage of debris cloud on rear wall is alleviated significantly. Meanwhile, the good toughness of 

Al metallic phase can keep this bumper structure intact. Hence, both the pulverized small debris and the decreased impact kinetic concentration of 

debris cloud are the main reasons for obtaining a higher shielding capability of B

4

C-Al bumper. This primary investigation provides theoretical and 

technical instruction for the design and application of B

4

C-Al based composite materials in space debris shielding configuration. 
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