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Tab.1 The first five resonant frequencies of the flexible tube with different number of elements by ABAQUS

ABAQUS clements 1st order 2nd order 3rd order 4th order 5th order
frequency/Hz frequency/Hz frequency/Hz frequency/Hz frequency/Hz

152 3.491 3.491 9.581 9.581 18.662
608 4.543 4.543 12.375 12.375 23.853
1380 4.745 4.745 12.908 12.298 21.311
2448 4.817 4.817 13.096 13.096 20.019
3820 4.880 4.880 13.263 13.263 19.410
5496 4.889 4.889 13.286 13.286 19.134

F2 ANCFEETHGSINARERTHRMEE S ML IRME
Tab.2 The first five resonant frequencies of the flexible tube with different number of elements by ANCF

ANCE elements 1st order 2nd order 3rd order 4th order Sth order
frequency/Hz frequency/Hz frequency/Hz frequency/Hz frequency/Hz

40 4.876 4.976 13.278 13.278 25.584
80 4.909 4.908 13.346 13.346 20.746
120 4.909 4.907 13.334 13.334 20.778
240 4.909 4.909 13.336 13.336 19.283
320 4.909 4.909 13.337 13.337 18.863
480 4.909 4.909 13.337 13.337 18.864
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Tab.3 Comparison of resonant frequencies

Onder ABAQUS ANCF-NCF  Error/
frequency/Hz frequency/Hz %
1 0.184 0.183 0.50
2 1.087 1.136 4.30
3 1.878 1.904 1.30
4 2.645 2.646 0.03
5 3.192 3.276 2.60
6 7.236 7.233 0.04
7 7.501 7.546 0.50
8 9.813 9.805 0.08
9 14.693 14.607 0.50
10 14.900 14.847 0.40
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Fig. 11  The first four-order resonant frequencies of the inflat-

able spinning structure with an increase of the infla-

tion pressure
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Dynamic characteristics of inflatable spinning structure

SUN Jia-liang', SUN Jia-hao', JIN Dong-ping', LIU Fu-shou’
(1.State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China; 2.College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The inflatable spinning structures have many applications in aerospace engineering, the dynamic characteristics of which
have a significant impact on the space missions. In this paper, therefore, an accurate dynamic model and the corresponding dynamic
characteristic analysis of an inflatable spinning structure are studied. The dynamic models of the flexible inflatable tube and the rigid
satellites are established by using the reduced shell element of absolute nodal coordinate formulation (ANCF) and the natural coor-
dinate formulation (NCF) , respectively. By using the Lagrange multiplier method, the kinematic constraints are introduced into
the system dynamics equations so that a flexible multibody system dynamic model is obtained. Under the assumption of linear vibra-
tion of the inflatable spinning structure at the equilibrium configuration, the eigenvalue equation of the inflatable spinning structure
is derived by coordinate transformation. The eigenfrequencies and the corresponding modal shapes of the inflatable spinning struc-
ture are computed via a frequency shift, and verified with the results from the finite element software. The influence of the spinning
speed and inflatable pressure on the eigenfrequencies of the inflatable spinning structure is studied. The results reveal that the spin-
ning speed and inflatable pressure can give rise to the phenomena of eigenfrequency veering, crossing, and switching, which will af-

fect the stability of inflatable spinning structure.

Key words: inflatable spinning structure; dynamic characteristics; rigid-flexible coupling; absolute nodal coordinate formulation;

natural coordinate formulation
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