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Abstract

In the launch mission of One-Vehicle with Multi-Satellite, the upper stage is used to deploy satellites
into orbits. For the upper stage, it should transfer to the other orbit when it completes the deploy mission
in one orbit. During the orbit transfer of the upper stage, the command direction of thrust vector of the
gimbaled thruster (GT) is determined by the guidance system, and it should also ideally pass through
the mass center of the upper stage. However, it is hard to realize in actual operation. Large disturbance
torques would act on the upper stage when the thrust vector of the GT does not pass through the mass
center of the upper stage. To overcome this obstruction, this paper discusses the challenging issue of the
attitude control problem of the upper stage to allow the thrust vector of the GT pass through the mass
center during its orbit transfer. To eliminate the effects of the thrust vector misalignments, disturbance
torques produced by the thrust vector misalignments, and reaction control subsystem (RCS) thrusters,
which are additional to the GT, are conventionally used. The thruster configuration presents in this paper
was defined as the optimal thruster configuration by previous reference. The GT is used to control the
attitude of yaw and pitch, and the orbit velocity of upper stage. The RCS thrusters in rolling direction
are used to provide attitude control torque about rolling axis. The remainder of this paper is outlined as
follows. First, the coupled dynamic equations of the system consists of the upper stage body, the gimbal
and the GT are derived by considering the coupling between the orbit/attitude motions, the coupling
between the upper stage’s attitude motion and GT’s gimbal motion. Next, the desired attitude of the
upper stage is calculated by the position the mass center and the command direction of the thrust vector.
Then, an attitude control procedure include a GT’s gimbal rotation control is proposed, allowing the
thrust vector of the GT passes through the mass center of the upper stage and aligns with its command
direction. Finally, the numerical simulations are performed, followed by analysis and conclusions.
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