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Impact Mitigation Simulation of Explosive Bolts Based on a Spherical-Shell Array Buffer Structure
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( 1.The System Design Institute of Mechanical-electrical Engineering, Beijing, 100854; 2. Hebei Collaborative Innovation Center
of Micro Nano Satellites, North China Institute of Aerospace Engineering, Langfang, 065000; 3. Hebei Provincial Key Laboratory
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Abstract: To mitigate the pyro-shock generated by explosive-bolt unlocking during spacecraft separation, a spherical-shell
array cushion is proposed. Arbitrary-Lagrangian-Eulerian (ALE) fluid-solid coupling simulations were performed to quantify the
influence of porosity, height and material on the shock response spectrum (SRS). The pad absorbs energy ina “cascading” mode
through sequential cell buckling, bending and local fracture, markedly attenuating high-frequency shock. At 70% porosity and
three-unit-cell height (=14.4 mm), SRS peaks at measurement points 1 and 2 are reduced by 48.1% and 52.7%, respectively, and
the geometry is readily additively manufactured. Among 4340 steel, Ti-6Al-4V, 2024 Al and pure copper, the low-yield-strength
copper and aluminium alloys outperform the others in the mid- and high-frequency bands; copper lowers the 4 500 Hz SRS peak
by 4 324g compared with titanium. Balancing attenuation performance, manufacturability and the zero-debris requirement of
space missions, a 70 % porosity, three-layer 2024 aluminium alloy pad is recommended. The findings provide directly applicable
design parameters for low-shock explosive-bolt systems.
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Fig.1 Geometric model of the explosive bolt separation device
with sensor location
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Fig.2 Schematic of a single unit cell and multi-layer
spherical-shell array buffer pads
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Tab.1 Structural design parameters of the spherical-shell

array buffer pad
Raane 34 AR
fLBR/% 60, 65, 70, 75
=R 1, 2, 3,4,5
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Tab.2 Mechanical properties of the candidate buffer pad materials

wEEp WM A EIR E1 VAN U VAU
pup s g ik 54 SRE [0 = G
cem?®)  E/GPa u AMPa  BMPa n il

4340 7.85 200 030 735 473 026 90
TH6AMV 443 135 035 1060 1090 040 22
2024 48 279 73 033 265 426 034 26
sl 8.96 119 0.40 90 210 031 100
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Fig.3 Mesh model for ALE fluid-structure interaction simulation
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Tab.3 JWL equation of state parameters for TNT explosive
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Tab.4 Johnson-Cook constitutive parameters of the explosive
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Fig.5 Dynamic deformation process of the spherical-shell array
buffer pad under impact loading
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