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HITSD-1A0102 &' - HITSD-1A0104

Projectile diameter 4.98 mm Projectile diameter 4.98 mm Projectile diameter 4.98 mm
Impact velocity 5.00 km/s Impact velocity 5.00 km/s Impact velocity 3.29 km/s

HITSD-1A0062 HITSD-1A0054 HITSD-1A0052

Projectile diameter 4.23 mm Projectile diameter 4.98 mm Projectile diameter 4.98 mm
Impact velocity 4.46 km/s Impact velocity 4.27 km/s Impact velocity 4.13 km/s

Projectile diameter 5.07 mm Projectile diameter 4.98 mm Projectile diameter 5.07 mm
Impact velocity 4.31 km/s Impact velocity 4.39 km/s Impact velocity 3.45 km/s
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Fig. 1 Results of penetration hole in thin Al-plate
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Table 1 Comparison of experimental penetration hole diameters with simulation results
Projectile Impact Al-plate Experimental Simulation Error
No. diameter velocity thickness hole diameter hole diameter %)
/(mm) /(km/s) /(mm) /(mm) /(mm)
1 3.96 4. 24 1. 00 7.00 7.08 1. 14
2 3.96 4. 81 1. 00 7.36 7. 40 0. 54
3 4.10 3.42 1. 00 6. 68 6.72 0. 60
4 4.23 3.62 1. 00 6.76 6.98 3.25
5 4.23 4. 46 1. 00 7.10 7.48 5.35
6 4. 89 4.03 1. 00 7.82 7.92 1. 28
7 4. 89 4.27 1. 00 7.81 8. 20 4. 99
8 4. 89 4. 39 1. 00 7.84 8.22 4. 85
9 4. 89 4.55 1. 00 7.98 8. 34 4.51
10 4.98 3.29 1. 00 7.20 7.58 5. 28
11 4. 98 3.52 1. 00 7.48 7. 80 4. 28
12 4.98 4. 00 1. 00 7.86 8.08 2. 80
13 4.98 4.13 1. 00 7.90 8. 06 2.03
14 4.98 4. 27 1. 00 7.94 8.22 3.53
15 4.98 4. 46 1. 00 8. 00 8. 28 3.50
16 4.98 4. 46 1. 00 7.96 8. 28 4. 07
17 4. 98 4.55 1. 00 8.22 8. 30 0.97
18 4.98 5. 00 1. 00 8. 28 8. 64 4. 35
19 4. 98 5. 00 1. 00 8. 38 8. 64 3.10
20 5.07 3.45 1. 00 7.38 7.82 5.96
21 5. 07 3.73 1. 00 7. 60 8. 06 6. 05
22 5. 07 4. 31 1. 00 8. 50 8.58 0. 94
23 5. 16 4. 46 1. 00 8. 30 8.62 3. 86
24 5.56 4.10 1. 00 8.68 8. 74 0. 69
25 5. 84 3.43 1. 00 8. 22 8.58 4. 38
26 5. 84 3.52 1. 00 8. 25 8.58 4. 00
27 5. 84 3.68 1. 00 8.38 8.70 3.82
28 5. 84 4. 31 1. 00 9.02 9.22 2.22
29 5.97 4. 39 1. 00 8.90 9. 36 5. 17
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Table 2 Simulation results of penetration hole diameters in thin Al-plate with impact velocity

No Projectile diameter/(mm)  Impact velocity/(km/s)  Al-plate thickness/(mm) Hole diameter/(mm)
1 4. 00 1. 50 1. 00 6.08
2 4. 00 2.00 1. 00 6. 80
3 4. 00 2.50 1. 00 7.48
4 4. 00 3.00 1. 00 7.74
5 4. 00 3.50 1.00 8. 30
6 4.00 4.00 1. 00 8.58
7 4.00 4. 50 1. 00 8.82
8 4. 00 5.00 1. 00 9.26
9 4. 00 5.50 1. 00 9.57

10 4. 00 6. 00 1. 00 9.71

11 4. 00 6. 50 1. 00 9. 86

12 4. 00 7.00 1.00 9.96

13 4. 00 7.50 1.00 10. 09

14 4. 00 8. 00 1. 00 10. 51

15 4. 00 8.50 1. 00 10. 54

16 4. 00 9.00 1. 00 10. 64

17 4. 00 9.50 1. 00 10. 80

18 4. 00 10. 00 1. 00 10. 90

19 4. 00 10. 50 1. 00 11.02

20 4. 00 11.00 1. 00 11. 00

21 4. 00 12.00 1. 00 11.14

*3 HEMFLEEAHEAERTUNEDER
Table 3 Simulation results of penetration hole diameters in thin Al-plate with projectile diameter

No Projectile diameter/(mm)  Impact velocity/(km/s)  Al-plate thickness/(mm) Hole diameter/(mm)
1 1. 00 7.00 1.00 4,67
2 1. 50 7.00 1. 00 5.90
3 2.00 7.00 1. 00 6. 89
4 2.50 7.00 1. 00 7.92
5 3.00 7.00 1. 00 8.59
6 3.50 7.00 1. 00 9.40
7 4. 00 7.00 1. 00 9. 81
8 4.50 7.00 1. 00 10. 86
9 5.00 7.00 1. 00 11.04

10 5.50 7.00 1. 00 11.92

11 6. 00 7.00 1.00 12.43

12 6.50 7.00 1. 00 12.78

13 7.00 7.00 1. 00 13.28

14 7.50 7.00 1. 00 14. 06

15 8.00 7.00 1. 00 14. 30

16 8.50 7.00 1. 00 14.96

17 9.00 7.00 1.00 15. 64

18 9.50 7.00 1. 00 16. 16

19 10. 00 7.00 1.00 16. 62
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Table 4 Simulation results of penetration hole diameters in thin Al-plate with Al-plate thickness

No. Projectile diameter/(mm)  Impact velocity/(km/s)  Al-plate thickness/(mm) Hole diameter/(mm)
1 4. 00 6. 00 1. 00 9.75
2 4. 00 6.00 1. 50 11. 39
3 4. 00 6.00 1.75 13. 26
4 4. 00 6. 00 2.00 13. 54

4. 00 6. 00 2.25 14. 66
6 4. 00 6. 00 2.50 14.73
7 4. 00 6. 00 2.75 15.92
8 4. 00 6. 00 3.00 16. 06
9 4.00 6. 00 3.25 16. 06

10 4. 00 6.00 3.50 16. 23

11 4. 00 6. 00 3.75 16.72

12 4. 00 6. 00 4. 00 16. 84

13 4. 00 6.00 4.50 17. 10

14 4. 00 6.00 5.00 17.42

15 4. 00 6.00 5.50 17.64

16 4. 00 6.00 6. 00 17.71
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Fig. 2 Comparison between experimental penetration hole diameters and simulation results
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A Study of Penetration Hole Diameter in Thin Al-Plate
by Hypervelocity Impact of Al-Spheres

GUAN Gong-Shun,ZHANG Wei,PANG Bao-Jun, HA Yue
(School of Astronautics » Harbin Institute of Technology . Harbin 150001 ,China)

Abstract: All spacecraft in low orbit are subjected to hypervelocity impacts by meteoroids and space
debris, which can lead to significant damage and catastrophic failure. Investigation into the impact
damage characteristics has become an important problem for spacecraft protection designing. In this
paper, by experiment and numerical simulation of hypervelocity impact on thin Al-plate by Al-
spheres,and it is found that AUTODYN-2D SPH is an effective method of predicting penetration hole
diameter in thin Al-plates from hypervelocity impact. By numerical simulation of projectile diameter,
projectile velocity and thin Al-plate thickness effect on penetration hole diameter in thin Al-plates
from hypervelocity impact,and fitting curves with experiment and simulation results,the law of pene-
tration hole diameter and leading factors affecting penetration hole diameter in thin Al-plates from hy-
pervelocity impact was proposed.

Key words: hypervelocity impact;penetration hole diameter;thin Al-plate;numerical simulation



