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Table 1 Distribution of fragment shapes from satellite orbital characterization impact test''*)

Shape Mot Niarge Nemall Shape Nt Mlarge Nemall
Flat plate 36 9 27 Rod 96 0 96
Curled plate 60 33 27 Cylinder 12 2 10
Cuboid 15 10 5 Cuboid and plate 2 2 0
Sphere 1 0 1 Cube 2799 0 2799
Flake 628 0 628 Other 1112 56 1056
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Table 2 Mass characteristics of debris clouds for different projectile shapes and impact orientations
Projectile shape Impact orientation n M/ (M) Mo/ (mg)  mi/me /() my /e /(%)
Sphere 1316 3.70 75.06 80.7 19.3
Face on 1200 0.33 37. 84 83.1 16.9
Cube Edge on 910 0.95 55.67 67.5 32.5
Point on 433 1.56 41. 84 69. 9 30.1
a face on 412 0. 28 44, 80 63.1 36.9
B or 7 face on 324 1. 69 41.76 69. 6 30.4
Flake B-7 edge on 316 4. 37 44. 23 75.5 24.5
a-f or a-7 edge on 407 1.56 41. 87 67.7 32.3
a-B-Y point on 355 5.73 42.90 68. 2 31.8
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Table 3 Calculated energy and momentum of the maximum mass fragment

Projectile . . . . E./ P./ P,/ P./
shape Impact orientation Coordinates/(mm) (m]) (mg * m/s) (mg * m/s) (mg * m/s)
Sphere (3.1,1.85,5.7) 79 445 179 594

Face on (8.5,9.6,1.7) 199 263 243 44

Cube Edge on (2.9,4.8,0.5) 21 110 148 69
Point on (2.9,—2.3,—5.8) 45 222 —132 —270

a face on (5.4,0.63,8.8) 25 69 2 96

B or 7 face on (35.9,—0.19,—2.5) 13400 6720 —26 —421

Flake B-7 edge on (38.9,0.57,—3.0) 38600 18300 —12 —1410
a-f or a-Y edge on (3.7,1.7,—6.5) 95 380 95 —370

a-(3-7 point on (31.3,4.8,7.3) 36 500 19700 2690 4660
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Debris Cloud Characteristics of Non-Spherical Projectile
Based on Characteristic Length

XU Kun-Bo,GONG Zi-Zheng, HOU Ming-Qiang,
ZHENG Jian-Dong, YANG Ji-Yun

(National Key Laboratory of Science and Technology
on Reliability and Environment Engineering ,

Beijing Institute of Spacecraft Environment Engineering ,Beijing 100094 ,China)

Abstract: The effects of non-spherical projectile shape on hypervelocity impact are investigated for the
cube and flake projectiles, which are the typical shapes of orbital debris in ORDEM2000 and Standard
Breakup Model (SBM), by using AUTODYN-3D hydrocode simulations. The characteristics of the
debris clouds produced by the hypervelocity impact based on the characteristic length of projectile are
analyzed from their shape,mass,velocity and energy distributions,respectively,and are compared with
the common used sphere projectile. The simulated results show that the shape and impact orientations
of projectile have obvious influences on the debris cloud distribution,and moreover, the point impacts
of the cube and flake have the maximum penetration capability, whereas the sphere is minimal. This
means that the meteoroids and orbital debris impact risks of spacecrafts would be underestimated using
the spherical projectile-based Ballistic Limit Curves (BLC). The projectile shape effects based on the
real characteristic length of orbital debris will make more reasonable corrections for the BLC.

Key words: meteoroids and orbital debris;hypervelocity impact;debris cloud; projectile shape effect;nu-

merical simulation
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