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Fig. 1 Numerical model for hypervelocity impact
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Table 1 Material models

Structure Material Equation of state Constitutive equation Failure model
Projectile Al6061-T6 Griineisen Johnson-Cook Grady
Protection plate Al2024-T4 Griineisen Johnson-Cook Grady
Protection plate CoCrFeNiTi Griineisen Johnson-Cook Grady
Rear panel Al6061-T6 Griineisen Johnson-Cook Johnson-Cook
x2 MHREH
Table 2 Material parameters
Material pl(g-em™) Y Co/(m-s™") S To/K T./K
Al6061-T6 2.703 1.97 5240 1.40 293 885
Al2024-T4 2.785 2.0 5328 1.338 293 863
CoCrFeNiTi 6.42 1.9 4902 1.53 1775
Material A/MPa B/MPa C n &o/s! m
Al6061-T6 324 114 0.002 0.42 1.34 1.0
Al2024-T4 325 414 0.015 0.20 1.0 1.0
CoCrFeNiTi 381 755 0.0352 0.78 0.76
Material & D, D, Ds D, D
Al6061-T6 0.15 -0.77 1.45 —-0.47 0 1.6
Al2024-T4 0.15
CoCrFeNiTi 0.20

1.3 HBETEERAGNMERIE

Sh A S B VT35 1 R, N AR S8 B 1 35 07 vk BB RSB, X Cherniaev 252 14 15
ey SEE LR OT AT . BOL . B RS B R E X 6061-T6 8145 x5 #ALEAEOY 1 mm, f#
R 7.102 km/s; B 37 AR5 BE B O 0.4 mm; Ji AR B9 AR E]BE D 16 mm, JEEEESS S 0.4 mm. HES7 =
HETH AL, 1B AOXT LEAE RN ET 2 P o BEULAE R BoR, B R IR SRR IEE . B = 80 R,
S 5 BB AR AL S5 SR A AR R 22 AR T 5%, BEIIAS KB T3 i AR AR 7T 5

| i
1 !
- = ‘ £
| & ; [ £
N P % R " el
w oy mn o
E ‘v '-;‘l ; Ji&‘
AN BB
1 Q e
1 o ]
d 3 A fadc TN
[EREE /S : ) ¥ .

: 14.747 mm

9.034 mm

=2.667 s

(a) Morphology of fragment cloud at 2.667 ps (b) Morphology of fragment cloud at 4.953 s
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(c) Diameter of the damaged area
2 BHCE) 550 CR) PSR 2IE S
Fig.2 Comparison of morphology between simulated (upper)

and experimental (lower)™” debris clouds
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Fig. 4 Mass distribution of debris cloud of two protective structures under different impact velocities
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(a) Fragment momentum distribution for a 3.5 mm projectile at 3.0 km/s (left: aluminum alloy; right: HEA)
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(b) Fragment momentum distribution for a 3.5 mm projectile at 3.5 km/s (left: aluminum alloy; right: HEA)
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(c) Fragment momentum distribution for a 3.5 mm projectile at 4.6 km/s (left: aluminum alloy; right: HEA)
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(d) Fragment momentum distribution for a 4.0 mm projectile at 3.0 km/s (left: aluminum alloy; right: HEA)
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(e) Fragment momentum distribution for a 4.0 mm projectile at 3.5 km/s (left: aluminum alloy; right: HEA)
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(f) Fragment momentum distribution for a 4.0 mm projectile at 4.6 km/s (left: aluminum alloy; right: HEA)
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(g) Fragment momentum distribution for a 5.0 mm projectile at 3.0 km/s (left: aluminum alloy; right: HEA)
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(h) Fragment momentum distribution for a 5.0 mm projectile at 3.5 km/s (left: aluminum alloy; right: HEA)
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(i) Fragment momentum distribution for a 5.0 mm projectile at 4.6 km/s (left: aluminum alloy; right: HEA)
5 R z J5 R s o AE

Fig. 5 Fragment momentum distribution in the z-direction
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Fig. 6 Radial expansion velocity Fig. 7 Expansion velocity of the head
of the outer bubble debris cloud of the outer bubble debris cloud
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Abstract: The space debris problem has become one of the most pressing challenges in the field of space
environment protection. Currently, most spacecraft shielding systems adopt Whipple-type structures, in
which aluminum alloys are commonly used as bumper materials. In this study, the smoothed particle
hydrodynamics (SPH) method implemented in the AUTODYN software was employed to numerically
investigate the hypervelocity impact of spherical projectiles on high-entropy alloy (HEA) protective
structures. The characteristics of the resulting debris clouds, including fragment number, mass distribution,
and momentum, were systematically analyzed under various impact conditions. In addition, the effects of
impact velocity and the ratio of bumper thickness to projectile diameter (#/D) on the hypervelocity impact
response of HEA shielding structures were examined. The results show that, under identical impact
conditions, the debris cloud characteristics generated by HEA protective structures differ significantly from
those of aluminum alloy structures, namely: the total number of fragments increases by approximately
51.86%; the number of small-mass fragments increases by about 79.56%, while the number of large-mass
fragments decreases; and the maximum debris cloud momentum along the impact direction (z-direction) is
less than 75% of that associated with aluminum alloy structures across multiple projectile diameters.
Parametric analyses indicate that the expansion of the debris cloud is primarily governed by impact velocity,
with higher velocities leading to faster expansion, while the influence of the #D is relatively minor. In
contrast, the mass and kinetic energy of hazardous fragments (large-mass/high-energy fragments) are mainly
affected by #D, with higher values resulting in greater impact severity. These findings provide theoretical
support and reference for the application of high-entropy alloys in next-generation spacecraft shielding
structures.

Keywords: space debris; hypervelocity impact; high-entropy alloys (HEAs); fragment cloud characteristics
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