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A method for simulating the free boundary condition of satellite on orbit

Liu Minghui, Wang Jian, Jiao Anchao, Han Xiaojian
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: With the enhanced requirements of the observation accuracy and the sensitivity to the micro-vibration of
the observation payload, the on-orbit free boundary condition simulation for the spacecraft in the micro-vibration ground
simulation test becomes more important. A method of the low frequency elastic suspension is proposed to simulate the free
boundary condition of the on-orbit satellite. And a low frequency elastic suspension device is developed based on this
method, and is applied to evaluate the influence of the simulated free boundary condition on the dynamic characteristics of
the satellite by the modal and frequency response analyses. The application of this device in an actual micro-vibration test
of a satellite shows that the method of the low frequency elastic suspension for the satellite is reliable.
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Fig. 1 Simplified analysis model of satellite in free state
on orbit
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Fig. 2 Simplified analysis model of satellite in simulated free
boundary condition
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Fig. 3 Natural frequency of satellite - simulated free
boundary condition system
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Table 1 Satellite system natural frequency variation related
to constraint stiffness of simulated free boundary

A— 3% H—AZR | IH—Ak TR Bk
B (oglog) NI (K/komax)  [TRSHIE (wgolwq)
5% 0.02 (k) 1.001
10% 0.085 (k,,) 1.004
20% 0.335 (k) 1.018
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Fig. 5 Application design process of free boundary condition
simulator for satellite
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Fig. 6 Free boundary condition simulator for satellite on orbit
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Table 2 Test results of supporting frequency
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Fig. 7 Test results of supporting frequency in horizontal and
vertical directions
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