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Fig. 2 Digital photographs of the hole in bumper and damage of rear wall
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Table 1 Experimental results of the wear walls in the aluminum alloy Whipple shields

No b, X by, d,/mm v/(km/s) 6 BE A 01 495 4 A
1A207 1. 66 di o
1A208 1.70 di g
1A209 1.64 A o
1A210 1.78 di 5
1A211 80 mm>C80 mm 597 1.71 K, A
1A213 1.65 i o
1A214 1.64 A g
1A215 1.58 Hib g, B,
1A217 1.47 K% S
1A219 1.51 N T & 0
1A220 120 mm X 120 mm 3.97 1.48 K2 B
1A221 1.62 F N T & o
1A222 1.57 o AL R ZE
1A223 1.70 i o
1A224 1.64 it &
1A225 1.68 & T ILR R
1A226 160 mm X 160 mm 3.97 1.62 i o5
1A228 1.51 Kl ZF B
1A229 1.65 Hib g, B, A
1A230 1.64 di e
1A231 1.53 i oE, B, JF R
1A232 200 mm X 200 mm 3.97 1.71 Gk
1A233 1.58 HKili 28 A TR
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Table 2 The diameters of perforation holes in the bumpers and the rear walls

No v/ (km/s) by, X by, dy,/mm d,,/mm d..;/mm dy.,/mm RO BE M 3 45
1A0208  1.70 80 mmX80 mm  5.704 5.792 6. 684 4.708 Fi g
1A0223  1.70 160 mmX160 mm 5.756 5.892 7.045 4.504 Fi g
1A0232  1.71 200 mmX200 mm 5.636 5.715 6.976 5. 405 e
1A0209  1.64 80 mmX80 mm  5.708 5. 840 6. 850 5. 140 Fi g
1A0224 1.64 160 mmX160 mm 5.669 5.793 7.002 5.290 g2
1A0230  1.64 160 mmX160 mm 5. 644 5. 681 6. 825 5.062 e
1A0219 1.51 120 mmX120 mm 5. 580 5.552 6. 608 (LK 0. 92) W 1.75 Kifi 7
1A0228 1.51 160 mmX160 mm 5. 467 5.535 6. 374K 1. 0) B 2.3 & it 2F
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Table 3 Slope angle of perforation hole side in bumper

No v/ (km/s) by, X by, o /() . /() (o1 —¢2) /(")
1A208 1.70 80 mm X 80 mm 49 46 3
1A232 1.71 200 mm X 200 mm 41 37 4
1A209 1. 64 80 mm X 80 mm 50 40 10
1A230 1. 64 160 mm X160 mm 45 40 )
1A219 1.51 120 mm X120 mm 45 35 10
1A228 1.51 160 mm X 160 mm 50 40 10
1A222 1.57 120 mm X120 mm 45 30 15
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Fig. 6 Relative deflection of bumper at 1. 64 km/s
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Effects of bumper lateral size on high-velocity impact damage
to Whipple shield

HA Yue , GUAN Gong-shun, PANG Bao-jun, ZHANG Wei
(School o f Astronautics, Harbin Institute of Technology, Harbin 150080, Heilongjiang, China)

Abstract: On the non-powder two-stage light gas gun facilities, high-velocity impact experiments were
carried out to analyze the effects of bumper lateral size on the damage to Whipple shield and explore
the feasibility of using bumper whose size is smaller than that of rear wall on Whipple shield in high-
velocity impact tests. The configuration of Whipple shields consisted of 1-mm-thickness bumpers and
3-mm-thickness rear wall with 10-cm space between the bumper and the rear wall. The bumpers were
2A12 aluminum square plates with different side lines such as 8, 12, 16 and 20 cm. The rear wall was
5A06 Aluminum square plate with 20-cm side lines. All tests were performed by shooting aluminum
projectile 4 mm in diameter at the velocity ranging from 1. 45 to 1. 71 km/s. Test results show that
the mean velocity of 6 projectiles impacting on the Whipple shields is independent of bumper size when
the perforation percentage of rear wall was over 80. It is found that the diameters of perforation holes
both in front and in back of bumper are independent of bumper size too. However, the deflection on
the bumper surface is dependent on bumper size obviously.

Key words: mechanics of explosion; size effect; high-velocity impact; Whipple shield; space debris
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