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Vulnerability of pressurized cabin for manned spacecraft under
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Abstract; The manned spacecraft capsule provides a critical safeguard for the safe work and life of astronauts
during space missions. To understand the vulnerability characteristics of the pressurized cabin structure and obtain
an accurate model of its vulnerability, impact tests of the basalt/aramid fiber-filled Whipple shields were carried out
based on two-stage light gas guns. Ballistic limit diameters of three types of test pieces were obtained, and the
impact damage characteristics of the bumpers, filling layers and rear wall were analyzed. The results showed that
the hole size of the bumper was positively related with the diameter of the projectile. The basalt/aramid fiber filling
layers had a strong crushing and energy dissipation effect on the projectile and the debris cloud, which reduced the
damage to the pressurized cabin structure. The energy of the debris cloud along the main impact direction was the
main factor causing the petal-shaped crack perforation of the rear wall. Based on the test data, the NASA
Christiansen equation and the W-S hole size equation were modified using a genetic algorithm and a multivariate
linear/nonlinear regression method, improving the prediction accuracy. The overall prediction rate increased from
59.1% to 100% , and the safety prediction rate increased from 81. 8% to 100% . Two types of vulnerability
models, including the impact limit equation and the hole size equation, were accurately established for the basalt/
aramid fiber filled structure of a certain large Chinese manned spacecraft, providing a basis for the risk engineering
assessment of on-orbit missions.
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Fig. 1 Schematic diagram of stuffed Whipple shield
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Fig.2 A typical sample for stuffed Whipple shield used in
impact tests
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Tab.1 Parameters of stuffed Whipple shields for the Cinese
large spacecraft cm
IR b, ty S, S
SW1 0.10 0.25 1.75 10. 00
SW2 0.08 0.25 1.75 6.00
SW3 0.08 0.35 2.15 10.00
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Fig.3 Hypervelocity impact targets

R2 IXRBHERLRER

Tab.2  Test results for stuffed Whipple shields
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SRALT
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LA

i f&/cm /g (km-s~!) &/ cm KR
SWI-1  0.500  0.182 3.090 0.653 b=
SW12  0.475  0.156 3.040 0.362 =
SWI-7  0.450  0.133 3.149 0.413 2
SW19 0.425 0.112 3.072 0.193 =
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Tab.3 Ballistic limit diameters stuffed Whipple shields
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Fig.4 Hole size of three types of bumpers
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Fig.5 Comparison of damage characteristics of bumper under
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different impact velocity
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Fig. 6 Comparison of damage characteristics of filling layers
under different impact velocity
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Comparison of damage characteristics of rear wall
structures under different impact velocity
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Fig.8 Comparison of NASA Christiansen equation predictions
and the test results
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Tab.4  Parameters for three types of stuffed Whipple shields
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Fig.9 Comparison of modified impact limit equation predictions
and the test results
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