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A Study on Steering Law of Control Moment Gyros based on Operational Scenarios of Spacecraft

Thesis Summary

While the Control Moment Gyros (CMG) are often used as actuators for attitude control of a
spacecraft for having advantages over Reaction Wheels (RW) in terms of output size of torques and
power efficiency, the CMG also has several improvement areas including its low torque resolution, high
risk of failure due to complex mechanism and power management when used as an energy storage
device. So far, many existing studies on the CMG have been focused on the feasibility of the single
attitude maneuver and the issue of the inverse matrix calculation for the gimbal command in responding
to the request from the spacecraft while avoiding singularities. However, if the CMG is to be mounted
especially on a high-resolution Earth observation satellite, a new steering law of CMG which fully
considers the actual operation scenario based on multiple timescales will be essential. This dissertation
proposes a new steering law which contributes to the improvement of the multi target pointing
maneuvers on agile observation missions as well as enhancing fault tolerance and increasing reliability
of the bus system of a spacecraft.

Chapter 1 introduces the background, motivation and objectives of this study.

Chapter 2 describes the formulation of the attitude control and dynamics of a spacecraft as well as
relevant studies on the steering law of CMG.

Chapter 3 proposes a mode-scheduling steering law which achieves both agile attitude change and
highly accurate attitude stabilization by using variable speed CMG (VSCMG) in conducting consecutive
maneuvers for several seconds to several minutes. The proposed method is to firstly conduct agile
attitude change maneuvers in CSCMG mode, then de-actuating the gimbal of the CMG at the final stage
and switching to RW mode which is more accurate in torque resolution. During the RW mode, the gimbal
angle will be controlled so that the better torque performance would be achieved for the next agile
attitude change in CSCMG mode.

Chapter 4 proposes a method for a long-term operation of multiple consecutive maneuvers for a
period of several hours to several months which would be beneficial in decreasing the potential of CMG
failure such as by reducing radical motion of the gimbal near the singularity and also in decreasing the
bias and total work load of the gimbals which have been an issue for avoiding singularities. By focusing
on the fact that the movement and pattern of gimbal axis are dependent on the combination of initial
gimbal angles, this proposal suggests inserting a null motion in intervals of the multiple maneuvers so
that the gimbal returns to the appropriate angle.

Chapter 5 describes a hybrid power mechanism which utilizes a combination of Integrated Power
and Attitude Control System (IPACS), an energy storage function and battery while conducting multiple
attitude maneuvers during an orbit for a period of several hours to several years. Moreover, a new power
management method which utilizes VSCMG and IPACS for attitude control as well as for decreasing
battery deterioration is proposed. The proposed method indicates that the life of Lithium-ion batteries
mounted on a spacecraft could be prolonged by using VSCMG and IPACS.

Chapter 6 describes the conclusion of this study.
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