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Table 1 Simulation parameters of material
Material o0/ (g/cm?®) G/(GPa) o,/ (GPa) co/(km/s) A r
LY12Al 2.785 27.6 0.45 5.328 1.338 2.0
x2 HEEPEREIRERNOIER
Table 2 Comparison of experimental and simulation results
N Impact velocity Projectile diameter =~ Al-plate thickness  Experimental hole  Simulation hole  Error

o /(km/s) /(mm) /(mm) diameter/(mm) diameter/(mm) /(%)

1 5.29 5.00 1.92 11.5 11. 36 1. 20

2 5.52 5.02 1.94 11.7 11. 64 0.51

3 6.08 5. 00 1.94 12. 4 12.16 1. 90

4 6.15 5.00 1.92 12.6 12. 24 2. 80
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Fig. 2 Debris cloud comparison of experimental and simulation results at 15. 1 ps
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(a) v=3.5 km/s (b) v=4.5 km/s
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Fig. 3 Effect of different impact velocities on debris cloud
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Fig. 4 Effect of different impact velocities, projectile diameters and bumper thicknesses

on length and diameter of debris cloud
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Effect of different projectile diameters on debris cloud
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Fig. 6 Effect of different bumper thicknesses on debris cloud
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Fig. 7 Effect of different intervals on debris cloud
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Fig. 8 Effect of different materials on debris cloud
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Table 3 Debris’s length and diameter of different materials

Materials Length of debris cloud/(mm) Diameter of debris cloud/(mm) Length-to-diameter ratio
2024 A1 22.2 19. 34 1. 15
1100-0A1 22.4 19. 84 1.13
6061 Al 21.9 18.5 1.18
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Fig. 9 Effect of different projectile shapes on debris cloud
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PIWE 2 B4 BE (Length) Ml B 42 (Diameter) oA % 8248 b » 1% HUH 2 b 8 7 38 (Impact Velocity) 5L B
1% (Projectile Diameter) 75580 JE & (Al-Plate Thickness) s /K PUKE, BRI KFENFE 4 s,
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Table 4 Factors and levels

Factors Impact velocity/(km/s)  Projectile diameter/(mm)  Al-plate thickness/(mm)
1 4.0 3.0 1.0
2 4.5 3.5 1.5
3 5.0 4.0 2.0
4 5.5 4.5 2.5
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PEFIEAZ R Lis (47) RZHEH R B = A AR YO AE SR Ly (A RIS 1.2.3 51 AR IE SR ZHRRY
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Table 5 Schemes and results

1 2 3 Length of Diameter of

No. Impact velocity Projectile diameter ~ Al-plate thickness 4 5 debris cloud debris cloud
/(km/s) /(mm) / (mm) /(mm) /(mm)
1 1 4.0 1 3.0 1 1.0 1 1 11.2 9.74
2 1 4.0 2 3.5 2 1.5 2 2 10.1 10.18
3 1 4.0 3 4.0 3 2.0 3 3 9.3 10. 74
4 1 4.0 4 4.5 4 2.5 4 4 8.7 11. 96
B 2 4.5 1 3.0 2 1.5 3 4 11.0 10. 08
6 2 4.5 2 3.5 1 1.0 4 3 13.9 12. 36
7 2 4.5 3 4.0 4 2.5 1 2 9.7 11.68
8 2 4.5 4 4.5 3 2.0 2 1 11.7 12.7
9 3 5.0 1 3.0 3 2.0 4 2 10.9 10. 2
10 3 5.0 2 3.5 4 2.5 3 1 10. 3 11. 24
11 3 5.0 3 4.0 1 1.0 2 4 16.9 14.76
12 3 5.0 4 4.5 2 1.5 1 3 15.4 14. 8
13 4 5.5 1 3.0 4 2.5 2 3 10. 4 10. 64
14 4 5.5 2 3.5 3 2.0 1 4 13.4 12. 36
15 4 5.5 3 4.0 2 1.5 4 1 16. 8 14. 64
16 4 5.5 4 4.5 1 1.0 3 2 19.6 17.68
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Factors Analysis of Debris Cloud’s Shape of Hypervelocity Impact
TANG Mi,BAI Jing-Song, LI Ping,ZHANG Zhan-Ji
(Institute of Fluid Physics \CAEP ,Mianyang 621900,China)

Abstract;: The numerical simulations of hypervelocity impact of Al-spheres on bumper at normal are
carried out using the smoothed particle hydrodynamics (SPH) technique. The simulation results are
compared with experimental results,and the simulated hole diameters of bumper and debris cloud are
well consistent with experimental results. The effect of impact velocity, bumper thickness, projectile
diameter, materials, shape of projectile,interval on produced debris cloud are further analyzed. Regarding
the length and diameter as index,orthogonal design method is applied to analyze the primary and sec-
ondary relations on the debris cloud’s index of the three factors,that is impact velocity, bumper thick-
ness and projectile diameter. The results indicate that bumper thickness is the main influence factor of
debris cloud’s length while projectile diameter is the main influence factor of debris cloud’s diameter.

Key words: hypervelocity impact;numerical simulation;debris clouds;orthogonal design



