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Abstract: With the continuous increase of centimeter-scale space debris, the exploration and design of new high-performance
shields has become an urgent need. Based on the shield of active materials, the hypervelocity impact experiments with different
projectile sizes and impact velocities were carried out by using a two-stage light gas gun. The image characteristics of debris
clouds under different impact conditions were obtained and analyzed by laser shadowgraph photography. The damage
characteristics of the rear wall of the active Whipple shield were studied. Through the statistical analysis of the number of
craters, the influences of active materials on the fragmentation of projectiles under different impact velocities were obtained.
Compared with the classical Christiansen ballistic limit equation, the protective performance of energetic active material shield
was obtained, and the ballistic limit curve of the new shield was fitted. Analysis suggests that shock initiation characteristics of
active materials under impact enhanced the shield performance. When impacted by the space debris, active material shield
firstly uses its mechanical strength for primary crushing. During this process, the energetic material shield has an explosive
reaction with an instantaneous temperature being as high as 3 800 K, which can promote fragmentation, melting and reduce the

size of the space debris. At the same time, the explosion products with high temperature, pressure and high speed motion
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produce a negative acceleration to the projectile fragments, reducing the axial kinetic energy. The explosion products of the
active materials are mostly gaseous, which greatly reduce the number of the fragments with penetration ability in the debris
cloud. The penetration failure of the rear plate only comes from the fragments generated by the fragmentation of the projectile.
Under the combined action of impact and explosion, the active materials shield can not only fully break and decelerate space
debris, but also greatly reduce the number of solid debris in debris cloud, thereby produce a sharp rise in the spacecraft
protection ability, and the maximum protection ability can be increased by 45% when the velocity is 2.31 km/s.
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Fig. 3 Typical sabot and contrast of interception target before and after impact

021406-3



%414 i B, 4 T PEWhippleSf A U I B P MERESL AT 52 4]

1.3 XIGFER

LA O o i o S0, BRICES 1 P B R A A b, HARSER A B b B4k PTFE/AL I M
R, TR 0.84 g/lem? BRIEGIAL ELAR43 510 5.0, 6.0, 6.4 mm, F AL d7 3 JE I 2.3~6.1 km/s..
SZuG 4 B I 2, FEATSE FALS S, Whipple B7 445 #0250 KR BB G515 0L

®2 TWSHERBGER

Table 2 Hypervelocity impact test configurations and damage results

BB Whipplelj #4514 241

S JeE AR A%
HA%/mm Jikt/g HEE/(km's™") AR R T E/(g-em ) JE AR R

1 6.4 0.38 5.06 LY-12%4 0.84 LY-12%4 SR
2 6.4 0.38 5.03 PTFE/Al 0.84 LY-12% Bi=R
3 5.0 0.18 3.79 PTFE/Al 0.84 LY-12% st
4 5.0 0.18 3.88 PTFE/Al 0.84 LY-124% St
5 5.0 0.18 4.00 PTFE/Al 0.84 LY-12% St
6 6.0 0.31 3.71 PTFE/Al 0.84 LY-12% 2L
7 6.4 0.38 6.08 PTFE/Al 0.84 LY-12%4 BRI
8 5.0 0.18 2.65 PTFE/Al 0.84 LY-12% el
9 6.0 0.31 231 PTFE/Al 0.84 LY-124% e
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Fig. 4 Laser shadowgraphs of debris clouds in experiment 1 (LY-12 Al shield)
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Fig. 5 Laser shadowgraphs of debris clouds in experiment 2 (PTFE/Al shield)

2.2 EWRGEHE

23 (AR R 5 470 45 44 J AR 003 e 1) 20 B X6 T 3R BURE R = BT Wi B B AT B 2 i V), 3 ok g% 4y
Mrig Rk s, nfIE— EBRE F WA =SS 5 A . S25 Hp [a] i it B0 80 f AR 363 455 175 0 4n
IE] 6'\’9 E?/j_:\‘o

! ™
(a) Front of rear wall (b) Back of rear wall (a) Front of rear wall (b) Back of rear wall

B 6 SEle 1 OB R B (LY -12 §3 ) 7 SEH 2 MBI S B 3 (PTRE/AL D7)
Fig. 6 Rear wall damage of protective structure Fig. 7 Rear wall damage of protective structure
in experiment 1 (LY-12 Al shield) in experiment 2 (PTFE/Al shield)
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(a) Front of rear wall (b) Back of rear wall (a) Front of rear wall (b) Back of rear wall
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Fig. 8 Rear wall damage of protective structure Fig. 9 Rear wall damage of protective structure
in experiment 8 (PTFE/Al shield) in experiment 9 (PTFE/Al shield)
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Table 3 Damage statistics of rear wall
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Fig. 10 Circular distribution of the craters on the rear wall Fig. 11 Relationship between impact velocity
in experiment 7 (PTFE/Al shield) and crater number
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