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Abstract

In recent years, the increasing demand for advanced space missions has led to a rise in spacecraft
carrying large flexible structures such as high-gain antennas and solar paddles. During attitude control
maneuvers, these flexible structures inevitably excite vibrations. These vibrations degrade pointing accu-
racy and can even lead to mission failure for missions requiring precise attitude control. This study aims
to develop a control law that simultaneously achieves vibration suppression of the flexible structures and
3-axis attitude control of the spacecraft.

Various feedforward control laws, such as input shaping (IS) and nil-mode excitation (NME) profilers,
have been proposed to simultaneously achieve fast vibration suppression and attitude control. However,
much of the research using these methods has been limited to single-axis operations. Furthermore, con-
sidering higher-order modes tends to increase algorithm complexity. Therefore, it is desirable to achieve
simultaneous vibration suppression, including higher-order modes, and 3-axis attitude control using a
relatively easy-to-implement method.

This paper applies decoupling control theory to the dynamics of spacecraft with flexible structures.
First, the state equation for the decoupled control system is derived from the dynamic equations of
the spacecraft with flexible structures. Next, a non-integrating optimal servo system is constructed to
ensure precise tracking performance. This system utilizes a linear quadratic (LQ) controller based on the
decoupled plant. Finally, this decoupled optimal servo (DECOPS) system is used as a reference model to
establish a two-degree-of-freedom (2DOF') control system. This architecture achieves both 3-axis attitude
control and vibration suppression without requiring complex algorithms that account for higher-order
modes.

To evaluate the performance of the proposed method, numerical simulations were conducted using
parameters from the thermoelectric planetary probe (TOPS). The constructed control system demon-
strated the achievement of fast and precise 3-axis attitude control and vibration suppression, including
higher-order modes.



