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Virtual vibration analysis and verification of the re-entry capsule for a
multi-functional spaceship
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(1. Science and Technology on Reliability and Environmental Engineering Laboratory, Beijing Institute of
Spacecraft Environment Engineering, Beijing 100094, China;
2. Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: The vibrations of a re-entry spacecraft capsule are investigated by using the virtual vibration software.
Combining the finite element model of the capsule and the history experimental data acquired from Shenzhou-1, the virtual
sinusoidal/random vibration experiments are carried out to test the capsule’s ability of surviving the vibration
environment during the launch stage. This analysis provides reliable and significant data for the optimized design of the
capsule since the real vibration tests will not be carried out in the design stage. The model 1, which is before
optimization, is found to have defects and the resonant response of the nodes in the Dadi region is too large to satisfy
the experimental requirements. After the iterative optimization, the mode finally satisfies the design requirements. To
reduce the cost and save time, instead of the real vibration test, the virtual vibration tests are beneficial. This is the first

spacecraft designed based only on the virtual vibration in China.
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Fig. 1 The re-entry capsule of multi-purpose airship
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Fig. 2 Finite element model of the re-entry capsule
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Fig. 5 The assembled finite element model of the virtual and
horizontal shaker, the fixture and the re-entry capsule
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Table 2 The natural modes of the reentry capsule uninstalled/
installed on the fixture before modification(model 1)
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Table 3 The natural modes of the reentry capsule uninstalled/
installed on the fixture after modification (model 2)
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Table 5 Test conditions for the bottom zone of the capsule
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Table 6 Test conditions for the top zone and lateral zone of
the capsule
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Fig. 8 Comparison of the response at the installation point of the
data recorder b in a contingency in y direction, (a) the
damping effect, and (b) the result comparison between
model 1 and model 2
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