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Short Abstract

In this paper, a novel output redefinition is presented for attitude control of a flexible spacecraft. Attitude maneuvers induce undesirable vibration in
the flexible appendages that degrades attitude control system performance. The attitude pointing and stabilization requirements of today advance space
missions show the undesirable vibration suppression importance. If the flexible appendage tip-point is selected as the system output, the system model
is nonminimum phase. The output redefinition method is an effective method to make the model minimum phase. By a deeper insight about the output
redefinition method, a novel systematic method is presented such that the attitude control system performance is modified. Then, a nonlinear H.. attitude
control method is designed based on the redefined model system. For the situation that modal variable are not measurable, a modal observer is presented.
The simulation results verify the presented method effectiveness in a flexible spacecraft attitude control problem in presence of the mode uncertainties
and unknown disturbances.

Keywords
Output redefinitoin, Attitude control, H.., nonlinear, flexible, spacecraft.

1-  Short Introduction

In the litrature, the spacecraft hub atittude angles are selected as the system output. Therefore, the attitude control system has an intristic delay in the
flexible appendages vibraion suppression. Because, it can recognize the flexible appendage vibration if its coupling effect is sensed as an internal
unknown disturbance torque. If the flexible appendage tip-point is selected as the system output, the system model makes nonmimum phase. The output
redefinition method is an effective method to make the system model minimum phase. But in this paper, a novel systematic output redefinition method
is presented to make the system model minimum phase and modify the attitude control system performance, simultaneously.

2-  Proposed Work and Methodology

It the presented output redefinition method, inspired by backstepping method, output redefinition is done in two steps: first, the angular velocity is
redefined such that the redefined zero dynamic can be controlled by the angular redefinition term. There is no constraint for this term calculation. In
this paper, a linear feedback mehod is used to calculate the angular redefinition term. Then, based on the kinematic equations, MRPs are redefined. A
new desired trajectory is calculated such that the actual MRPs tracking error tends to zero. To demonstrate a fair comparison in the flexible appendages’
vibration suppression, the proposed method is compared with conventional (without output redefinition) nonlinear H., attitude control method in the
presence of the model uncertainties (%20 uncertainty in the inertia matrix) and unknown disturbances (bias and sinusoidal environmental disturbances,
micro-vibration and Guassian noise).
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Fig 1. Simulation results: Euler angles steady state error in presence of model uncertainties and unknown disturbances
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Fig 2. Simulation results: Angular velocity steady state error in presence of model uncertainties and unknown disturbances
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Fig 3. Simulation results: Modal variables in presence of model uncertainties and unknown disturbances

As seen in the simulation results, the proposed method vibration suppression is more effective than the conventional attitude control method.

3-  Conclusion

In this paper, a novel systematic output redefinition method is presented. Output redefinition is done in a new 2-step way. The redefinitoin term is
calculated such that not only the system model is minimum phase, but also the attitude control system performance is modified such that the vibration
suppression is done more effective. After output redefinition, the redefined system model is used to design a nonlinear H.. attitude control system. Then
a modal observer is desinged and it’s proved that the closed-loop control system (including the nonlinear H., controller and modal observer) is H... The
simulation results show the effectiveness of the proposed method in attitude control problem. It’s shown that using the proposed method, the vibration
suppresion is done more effectively.
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