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Table 1 Material Models. Selected

Name of structure S.tate Constitutive equation Failure model
equation
Projectile AL6061-T6 Gruneisen IC Grady
Protection plate AL2024-T4 Gruneisen JC Grady
Protective plate CoCrFeNiTi Grunéisen IC Grady
Rear panel AL6061-T6 Gruneisen IC JC

® 2MHARKSH

Table 2 Specific Material Parameters

Material
Model ] )
Motation Unit AL6061- AL2024- CoCrFeNiTi
name
T6 T4
g/em3 2.703 2.785 6.42
1.970 2.0 1.9
‘ Co m/s 5240 5328 4902
Grunéisen
S - 1.4 1.338 1.53
Ty K 293 293 -
T, K 885 863 -
A MPa 324 325 381
B MPa 114 414 755
C 0.002 0.015 0.0352
Johnson-
n 0.42 0.2 0.78
Cook .
€ s-1 1.34 1 -
T, K 925 925 1775

m - 1.0 1.0 0.76
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Fig. 2 Comparison of Morphology and Size Between Experimental and Simulated Debris Clouds
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Table 3 Comparison of Experimental and Simulation Results for Characteristic Parameters

Time/ 1's Characteristic Experimental Simulation

Error /%
Parameters results /mm results /mm

2.667 us Fragmented 5.225 5.232 0.133
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cloud diameter

Fragmented

14.747 14.769 0.149
cloud length

4953 ps Fragmented

9.0335 9.397 4.02
cloud diameter

Diameter of

2.6 2.52 3.07

damaged area
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Numerical Simulation Study on Hypervelocity Impact of High-

Entropy Alloy Protective Structure
YIN Yunfei!, YANG Qiuzu', GUO Jia'ao!, LI Zhigiang'> 234
(1. College of Aeronautics and Astronautics, Taiyuan University of Technology, Jinzhong 030600, Shanxi, China;

2.Shanxi Provincial Key Laboratory of Material Strength & Structural Impact, Taiyuan University of Technology, Taiyuan
030024, Shanxi, China;
3. Shanxi Basic Disciplines Research Center for Mechanics, Taiyuan University of Technology, Taiyuan 030024, Shanxi,
China;
4. National Experimental Teaching Demonstration Center for Mechanics, Taiyuan University of Technology, Taiyuan 030024,
Shanxi, China)

Abstract: The space debris problem has become one of the most pressing challenges in the figld of space:environment protection.
Most current spacecraft shielding systems adopt Whipple-type structures, in which alumintimalloys are commonly used as
bumper materials. In this study, the smooth particle hydrodynamics (SPH) method implemented in the AUTODYN software is
employed to numerically investigate the hypervelocity impact of spherical projeetilesyon high-entropy alloy (HEA) protective
structures. The characteristics of the resulting debris clouds, including fragment hnumber, mass distribution, and momentum, are
systematically analyzed under various impact conditions. In addition, the effects ofiimpact velocity and the ratio of bumper
thickness to projectile diameter (t/D) on the hypervelocity impact response'of HEA shielding structures are 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: (1) the total number of fragments increases by approximately 51.86%; (2)
the number of low-mass fragments increases by about 79.56%; while/thésnumber of high-mass fragments decreases; and (3) the
maximum debris cloud momentum along the impact direetion{(Z /direction) is less than 75% of that associated with aluminum
alloy structures across multiple projectile diameters. Parametticvanalyses 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 t/D ratio is
relatively minor. In contrast, the mass and kinetic energy of hazardous fragments (large-mass/high-energy fragments) are mainly
affected by the t/D ratio, with higher valués 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



