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Flexible Multi-Body Dynamics Modeling and Calculation of
a Deployable Space Antenna in Orbit”

Zhu Wencong Song Xiaodong Shan Minghe Tian Qiang'
(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract The dynamic modeling and calculation of a large deployable space antenna truss are studied
considering of gravity gradient. Based on the absolute nodal coordinate formulation method and the abso-
lute nodal coordinate formulation reference node method, the rigid-flexible coupling dynamic model of
the deployable structure is established. The energy-momentum conserving time integrator for calculating
the dynamic equations is constructed by using discrete directional derivative. The orbital-attitude-de-
formation coupling dynamic response of the large deployable space antenna with multiple modules is ob-
tained. The presented method is verified by comparing the results with those of the classic example and

the commercial software ADAMS.

Key words gravity gradient, absolute nodal coordinate formulation, rigid-flexible coupling struc-

ture, deployment dynamic, energy-momentum conserving time integrator
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truss structure
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Table 1 Parameters of a deployable module in space
antenna truss structure

Parameters Values
Density of rigid body /(kg/m®) 2700
Density of flexible body /(kg/m®) 1800
Elastic modulus /GPa 70
Poisson’ s ratio 0.3
Length of frame beam /m 1
Length of deployment beam /m 0.9
Radius of cross section of beam /m 0.025
Mass of docking structure 1 /kg 99. 054
Mass of docking structure 2 /kg 88. 304
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Table 2 Parameters of the model of flexible beam in space

Parameters Values
Orbital radius of perigee /km 6700
Orbital eccentricity 0.21
Elastic modulus /GPa 70
Cross sectional area /m? 0.0275

Second moment of Area /m" 3.494792X10 "

Length /m 600

Density /(kg/m®) 2700
Initial true anomaly /deg 0
Initial attitude angle /deg 0
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Fig. 3 The model of flexible beam in space
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Fig. 5 On orbit deployment process of the space antenna
truss structure
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Table 3 Parameters of the model of deployable space
antenna truss structure

Parameters Values
Size of satellite body /m 3X3X6
Mass of satellite body /kg 3000
Orbital radius /km 6700
Orbital eccentricity 0
Initial true anomaly /deg 0
Initial attitude angle /deg 90
Deployment time of a module /min 5
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Fig. 6 Dynamic response of deployment process of space
antenna truss structure
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Table 4 Parameters of orbital maneuver model of
deployed space antenna truss structure
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