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Abstract: The possibility of singular optimal control in the time-optimal reorientation of an agile satel-
lite with independent three-axis control was investigated in this paper. Generally, it is assumed that
the switching functions take the value zero only at isolated points, which dictates that the controls are
"bang-bang". However, some new results were found in this paper. An inertially symmetric rigid
body was considered. Based on the optimum model, two propositions about the switching functions
were derived. All possible optimal control strategies under different boundary conditions were identi-
fied. These included bang-bang solution, one control singular, two controls singular and all three con-
trols singular. Using Pontryagin’s principle and the Generalized Legendre-Clebsch condition, necessa-
ry conditions for optimality of singular control were obtained. The research illustrated that all three
control components could not be simultaneously singular at any point on an optimal path. For rest to
rest maneuvers, singular control was proved to be not optimal. Actually, for the boundary conditions
that the initial and final angular velocities were equal, the possibility of singular optimal control could

be completely dismissed. The components of the optimal control switch between +1 and —1. On the

Wi A HI:2017-08-09;&1T HHE:2017-12-08.
HEeTH: BERAHTFERSILS BT H (No. 113721500 ; h EE 4 5 R 223 4 WHI T H (No. 2016 T90086) ;
45 R %3 4 m E % B H (No. 2015M581080) ; 4 A SARF - 3L 4 %W BT H (No. 11602123)



4

B I 55 < OB TR S 2L B Y AT S i (0 4% 7 907

other hand, the cases of singular optimal control exist while the final angular velocity was different

from the initial one, the switching function of the singular component remained at zero all the time,

and the order of the singular control was infinite. Numerical examples of time-optimal solutions with

one control singular and two controls singular were presented.
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