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Dynamic Characteristics of a Spacecraft during Transportation

WANG Jiang-bo, QIANG Bao-min, GUO Jun-bin, LIU Zhi-hao, GUAN Qiang-qgiang
(Rocket Force University of Engineering, Xi'an 710025, China)

ABSTRACT: The work aims to study the dynamic characteristics of a spacecraft during transportation and the influence
of the adapter material on its vibration characteristics. With the spacecraft-adapter-transport cylinder system as the study
object, the flexible multi-body dynamic model was established by the ABAQUS finite element software. The modal anal-
ysis and harmonic response analysis of the model were carried out. The first four-order mode shape of the system and the
displacement response curve of the key nodes of the spacecraft were obtained. Finally, the elastic modulus, damping and
the influence of the thickness ratio of the adapter sponge and polyurethane foam on the vibration displacement of the
spacecraft were analyzed. The high-order inherent frequency of the spacecraft and transport cylinder had little impact on
the dynamic performance of the spacecraft structure. The harmonic response vibration displacement of its head was the
largest, and the displacement was reduced with the increase in the elastic modulus and damping of the adapter’s polyure-
thane foam. The damping performance was the best when the thickness ratio was approximate to 7 : 40. Such method can
provide the basis for the selection of the material characteristics of the adapter and the design of the structural parameters
accurately and effectively.
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Fig.1 Linear mass distribution of the spacecraft
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Fig.2 Mesh structure of spacecraft-adapter-transport
cylinder system
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Fig.3 Bending mode of spacecraft
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Fig.4 Bending mode of transport cylinder
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Fig.6 Displacement response curve of five typical
positions of spacecraft
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Fig.7 Displacement response under different elastic moduli
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Fig.8 Displacement response under different damping
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Fig.9 Displacement response at different thickness ratios of
sponge and polyurethane foam
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