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Table 1 Experimental parameters of impact tests

No. Diamete_r of vIeTopcz?%t// State of rear Fail/Pass
space debris/mm km 5L wall
m s
1# 2.00 3.05 Impact craters Pass
2# 3.00 3.01 Perforation Fail
Kl 3.00 5.26 Impact craters Pass
a# 4.00 5.30 Perforation Fail
S5# 3.00 6.59 Impact craters Pass
6# 5.00 6.52 Spallation Fail
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Fig.2 Perforation characteristics of the bumpers with the impact

velocity of 3.01 km/s (a) and 6.59 km/s (b)
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Fig.3 Perforation microfractography SEM images of the SiC/Al bumpers with the impact velocity of 3.01 km/s (a) and 6.59 km/s (b)
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Fig.4 Secondary debris cloud of SiC/Al bumper with the impact velocity of 3.01 km/s
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Fig.5 Secondary debris cloud of SiC/Al bumper with the impact velocity of 5.26 km/s
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Fig.6 Secondary debris cloud of SiC/Al bumper with the impact velocity of 6.59 km/s
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Fig.7 SEM images of impact craters caused by the secondary
impact of debris cloud with the impact velocity of 3.01 km/s:

(a) central impact area and (b) peripheral impact area



- 988 -

Mt @A RS TR

% 51 45

K8 fiilid B 5.26 km/s B KB fr 24 i T B ik o bt
SEM & Jr
Fig.8 SEM images of impact craters caused by the secondary impact
of debris cloud with the impact velocity of 5.26 km/s:

(a) central impact area and (b) peripheral impact area
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Fig.9 SEM images of impact craters caused by the secondary
impact of debris cloud with the impact velocity of 6.59 km/s:

(a) central impact area and (b) peripheral impact area
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Preparation and Impact Damage Behavior of SiC/Al Composite Bumper for Space
Debris Shielding Application
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Abstract: In order to ensure the safety and operation of long-term orbiting spacecraft, and to improve the protection performance of the
shielding configuration in response to the hypervelocity impact of small space debris, it is necessary to optimize and improve the bumper
materials. The SiC/Al composite bumper material was prepared by pressure infiltration in the SiC porous ceramic pre-sintered body, and
the space debris hypervelocity impact experiment of the SiC/Al bumper configuration was carried out on a two-stage light-gas gun. The
impact damage behavior of the SiC/Al bumper material, the structural characteristics of the secondary debris cloud, and the impact damage
feature of the rear wall were investigated. The results show that the SiC/Al bumper can break the space debris into smaller debris than
traditional Al-alloy bumper did, and the expanded secondary debris cloud structure is formed behind the SiC/Al bumper, mitigating the
impact damage to the rear wall effectively. Based on the SEM damage morphology analysis of the impact craters on the rear wall, with the
increase of the impact velocity of space debris, a more significant impact phenomenon of secondary debris in the liquid phase occurs, and
the protection performance of shielding configuration is enhanced accordingly.

Key words: space debris; SiC/Al; bumper material; debris cloud; impact behavior
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