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Abstract

The orbital orientation of a spacecraft is one of the most common for solving specific mission tasks, as
well as for maintaining the spacecraft’s attitude during a standby mode. This paper deals with stabilization
issues in the vicinity of a perturbed gravitationally stable equilibrium. A momentum control system (MCS)
is used to keep the satellite’s orbital orientation. When using a MCS, one of the efficiency criterions is
the accumulation rate of the angular momentum of its constituent devices (reaction wheel assemblies or
control moment gyros). This rate must be sufficiently low to ensure long time-intervals, during which
there is no need to unload the angular momentum of the system.

This paper presents two control laws for the angular motion of a spacecraft, developed using Lyapunov
functions. They ensure the desired low rate of angular momentum accumulation and correspond to two
equilibrium types:

e gravitational stabilization of the spacecraft;
e angular velocity damping in the vicinity of equal aerodynamic and gravitational torques.

For the first control law, the authors use linearized equations of motion making it possible to select
coefficients of the fourth-order characteristic polynomial via graphical representation of its roots. For the
second control law, the values of coefficients are found from the stability conditions of the corresponding
Lyapunov function. These values can also be obtained by numerically solving the Riccati algebraic matrix
equation.

Both control laws were implemented in numerical simulation of spacecraft motion, which is described
by two equation subsystems. The first corresponds to the perturbed orbital motion of the center of mass
in the Earth-fixed coordinate frame. The second describes the angular motion of the spacecraft using
Euler dynamical equations with gravitational and aerodynamic torques involved. One should note that
the second subsystem is supplemented by the equations describing the behavior of the MCS.

The paper shows that the proposed control laws based on Lyapunov function lead to the long-term
and sufficiently accurate attitude for both the gravitationally stable and gravity-aerodynamic equilibrium
without accumulating the angular momentum of the reaction wheels or gyros. The key difference from
the existing solutions is that the control function contains a term corresponding to a non-zero value of
the intrinsic angular momentum of the MCS. This makes it possible to significantly increase the range of
possible values of the coefficients of the control law.



