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Attitude dynamics and control of a charged spacecraft
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National Research Institute of Astronomy and Geophysics, Egypt 

The attitude dynamics and control of a rigid spacecraft subject to gravity gradient and Lorentz torques in is considered. The 
Lorentz torque is developed on the basis of the electrodynamics effects of the Lorentz force acting on the charged spacecraft's 

surface. We assume that the satellite is moving in Low Earth Orbit (LEO) in the geomagnetic field which is considered as a 
dipole model. The proper model of the torque due to the Lorentz force is developed for a general shape of a spacecraft. The 
nonlinear differential equations of Euler are used to describe the attitude dynamics of a satellite. All equilibrium orientations are 
determined. Existence conditions of all equilibria are obtained and evolution of domain is investigated in detail. The numerical 
applications for certain operational satellites introduced a semi passive control of the attitude dynamics of a satellite. The way for 
such kind of control is to increase or decrease the electrostatic radiation screening of the satellite. Also the results confirm that the 
change in charge can affect the amplitude of the Lorentz torque, which may affect the spacecraft's control. Moreover, the relation 
between the magnitude of the Lorentz torque and different values of the inclination of the orbits are introduced. The stability of 
the attitude motion is investigated. Finally, we propose an attitude control method using the Lorentz force. Our method requires 
moderate charge level for future Lorentz-augmented spacecraft.
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