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Abstract

This paper studies the time-optimal control problem for an underactuated rigid

spacecraft equipped with both reaction wheels and gas jet thrusters that gen-

erate control torques about two of the principal axes of the spacecraft. Since

a spacecraft equipped with two reaction wheels is not controllable, whereas a

spacecraft equipped with two gas jet thrusters is controllable, this mixed ac-

tuation ensures controllability in the case in which one of the control axes is

unactuated. A novel control logic is proposed for this hybrid actuation in which

the reaction wheels are the main actuators and the gas jet thrusters act only

after saturation or anticipating future saturation of the reaction wheels. The

presence of both reaction wheels and gas jet thrusters gives rise to two operating

modes for each actuated axis and therefore the spacecraft can be regarded as

a switched dynamical system. The time-optimal control problem for this sys-

tem is reformulated using the so-called embedding technique and the resulting

problem is a classical optimal control problem. The main advantages of this

technique are that integer or binary variables do not have to be introduced to

model switching decisions between modes and that assumptions about the num-

ber of switches are not necessary. It is shown in this paper that this general

method for the solution of optimal control problems for switched dynamical

systems can efficiently deal with time-optimal control of an underactuated rigid

spacecraft in which bound constraints on the torque of the actuators and on the
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