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A Study on a New Gain Scheduling Controller Synthesis for
Attitude Control of a Large Flexible Satellite *
By

Yoshiro HAMADA *!, Takashi OHTANI*!, Takashi KipA*2, Tomoyuki NAGASHIO *?

Abstract: A new on-orbit control experiment is being planned aimed at establishing attitude and vibration control
methods for future large flexible satellites and demonstrating the effectiveness of the proposed control methods on
orbit. In this paper, a new design method for a gain scheduling controller which will be employed in the experiment
is described, and a design procedure for an attitude control system for a large flexible satellite is explained. Using
this method, a robust control system that is resilient to changes in the paddle rotation angle and higher order
vibration modes is designed as this method can treat the satellite system as a linear parameter varying (LPV) system
whose dynamics vary according to the paddle rotation angle. The derived gains can be easily scheduled since the
scheduling law consists of small number of grid points and requires just linear interpolation calculation. Using this
method, stability and performance are guaranteed at each parameter value (paddle angle in this case). Some

simulation results are provided to show the effectiveness of our controller.
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1 : On-orbit configuration of ETS-VIII.
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2 : Satellite configuration.
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3 : Gain plots of the first vibration mode at each
paddle angle.
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8 . Step responses at 6 = 0. Solid lines:responses using gain scheduling controller. Broken lines: responses using

baseline PD controller.
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9 ! Impulse responses (A) at 9 = 0. Solid lines:responses using gain scheduling controller. Broken lines: responses
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10 : Impulse responses (B) at 8 = 0. Solid lines:responses using gain scheduling controller. Broken lines: responses

using baseline PD controller.
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11 : Impulse responses (C) at 6 = 0. Solid lines:responses using gain scheduling controller. Broken lines: responses
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12 : Step responses at 6 = 45. Solid lines:responses using gain scheduling controller. Broken lines: responses using

baseline PD controller.
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13 : Impulse responses (A) at § = 45. Solid lines:responses using gain scheduling controller. Broken lines: responses

using baseline PD controller.
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14 : Impulse responses (B) at 6 = 45. Solid lines:responses using gain scheduling controller. Broken lines: responses
using baseline PD controller.
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15 © Impulse responses (C) at 8 = 45. Solid lines:responses using gain scheduling controller. Broken lines: responses
using baseline PD controller.
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16 : Step responses at 6 =90. Solid lines:responses using gain scheduling controller. Broken lines: responses using

baseline PD controller.
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17 : Impulse responses (A) at 6= 90. Solid lines:responses using gain scheduling controller. Broken lines: responses
using baseline PD controller.
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18 : Impulse responses (B) at 6 = 90. Solid lines:responses using gain scheduling controller. Broken lines: responses
using baseline PD controller.
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19 : Impulse responses (C) at 6 =

using baseline PD controller.
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90. Solid lines:responses using gain scheduling controller. Broken lines: responses
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