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Abstract

The main rigid body platform of modern spacecraft is often equipped with large-size flexible
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attachments due to the rapid development of the aerospace engineering. The coupling effect be-
tween the flexible attachments and the main rigid body of the spacecraft will have great influence
on the trajectory and attitude of the spacecraft. The precise and effective spacecraft dynamics model
is the basis for conducting the study of rigid-flexible coupling effects. In this paper, the coupled dy-
namics model of flexible spacecraft with axisymmetric solar wing is mainly studied, and the solar
wing is modeled to Euler-Bernoulli beam model, and the internal force equilibrium relationship of
Euler-Bernoulli beam and Newton’s second law are used to obtain the vibration equations of the
beam, so as to establish the dynamics model of the spacecraft’s flexible attachments, and the hypo-
thetical modal method and the method of separating variables are used to solve the dynamics equa-
tions of the flexible attachments. Using the Lagrange equation and Newton’s second law in quasi-
coordinates, the coupled dynamic equations of the spacecraft rigid platform and flexible attachment
vibration are obtained. Then the numerical simulation is carried out by MATLAB, and the simula-
tion results show that: when the flexible spacecraft is subjected to zero impulse external force and
external moment, its position and attitude are changed. When the external force and moment are
zero, the velocity and angular velocity of the spacecraft do not converge to zero due to the stiff-flex-
ible coupling effect; the maximum vibration amplitude of the flexible attachments of the spacecraft
is consistent with the assumption of small deformation; and the end displacements of the two flexi-
ble attachments of the spacecraft under the action of the external force and moment are symmetric,
showing the same amplitude and opposite displacements. When the external force and moment are
zero, residual vibration still exists in the flexible attachments of the spacecraft. This study provides
a prerequisite for the design of subsequent spacecraft attitude controllers.
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Figure 1. Spacecraft model diagram of axisymmetric solar wings
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Figure 2. Simplified model diagram of axisymmetric solar wings spacecraft
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Figure 3. Angular velocity of rigid body, lip displacement of flexible beam, and comparison with literature results: (a) Angular
velocity of rigid body; (b) Lip displacement of flexible beam
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Figure 4. In the case 2, the images of the spacecraft’s relative attitude angle, angular velocity, position and velocity, as well
as the lip displacement and velocity of the flexible accessories: (a) Relative attitude angle of spacecraft; (b) Relative attitude
angular velocity of spacecraft; (c) Relative position of spacecraft; (d) Relative velocity of spacecraft; (e) Lip displacement of
flexible attachment; (f) Lip velocity of flexible attachment
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Figure 5. In the case 3, the images of the spacecraft’s relative attitude angle, angular velocity, position and velocity, as well
as the lip displacement and velocity of the flexible accessories: (a) Relative attitude angle of spacecraft; (b) Relative attitude
angular velocity of spacecraft; (c) Relative position of spacecraft; (d) Relative velocity of spacecraft; (e) Lip displacement of
flexible attachment; (f) Lip velocity of flexible attachment
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