STABILITY ANALYSISOF THE SPACECRAFT ATTITUDE
WITH CANONICAL VARIABLES

M. C. Zanardi (1), W. R. Silva (2), ]. K. S. Formiga (2,3), R.E. S. Cabette(4)
(1) UNESP-Sdo Paulo State University,
Guaratinguetd, SP, CEP 12516-410 -BRAZIL,55-12- 3123-2194
cecilia@feg.unesp.br
(2) INPE- Brazilian National Institute for Space Research,
Sao José dos Campos , SP, CEP 12201-970 — BRAX%IL253208-6374
reis.william@gmail.com
(3) FATEC - Faculty of Tecnology,
Sao José dos Campos, SP, CEP 12248-004 -BRAZH.135- 3208-6374
[kennety@yahoo.com.br
(4) UNISAL — Séo Paulo Salesian University,
Lorena, SP, CEP 12600-100 — BRAZIL — 55 — 12 — 2822
recabette@uol.com.br

Keywords: rotational motion, nonlinear stability, Andoyensriables, gravity gradient torque,
normal form of Hamiltonian

ABSTRACT

The objective of this paper is to analyze the $tglof the rotational motion of a symmetrical
spacecraft (with two principal moments of inertgual), in a circular orbit. The equilibrium
points and regions of stability are established wbemponents of the gravity gradient torque
acting on the spacecraft are included in the eguostof rotational motion. Andoyer’s variables
are used to describe the rotational motion of #tellte in order to facilitate the application of
stability methods for Hamiltonian systems. The Ayelts canonical variables are represented by
generalized momentsL(,L,,L;) and by generalized coordinates, (!,,!;). The angular
variablesl,, 1., I, are angles related to the satellite system Oxyith(axes parallel to the
spacecraft’s principal axes of inertia) and equata@ystem OXYZ (with axes parallel to the axis
of the Earth's equatorial system). The metricsabdessL,, L., L, are defined asL, is the

magnitude of the rotation angular momentLimL, andL ; are, respectively, the projection of
L, on the z-axis’s principal axis and projectipnon the Z-equatorial axis.

The nonlinear stability of the equilibrium pointsthe rotational motion is analyzed here by the

Kovalev-Savchenko theorem, which ensures that tbgomis Liapunov stable if the following

conditions are satisfied:

i. The eigenvalues of the reduced linear system arimaginary+iw! e +iw?s;

ii. kg —k-,w; =0 is valid for all k; and k., integer satisfying the inequality
ey |+ [yl = 4

jii. The Arnold determinani® = —(§8,ws? — 28%,wlw? + §%,w?™) = 0, Wwheresd? , are the
coefficients of the normal™order Hamiltonian.

Then it is necessary to reduce the Hamiltoniatsimormal form up to the fourth order by means

of canonical transformations around the equilibripomts.



The equilibrium points are found from the equatiafsmotion described by the Andoyer
variables. With the application of the Kovalev-Saacko theorem, it is possible to verify if they
remain stable under the influence of the termggtidr order of the normal Hamiltonian.

In this paper, numerical simulation were made ¥av hypothetical groups of artificial satellites,
which ones have orbital data and physics charatiegisimilar to real satellites. In comparison
with previous works, the results show a greater lmemof equilibrium points and an

optimization in the algorithm to determine the natform and stability analysis.

Several stable equilibrium points were determined gegions around these points have been
established by variations in the orbital inclinatiand in the spacecraft principal moment of
inertia. There were found 60 equilibrium points the small size satellite (with some data
similar to First Brazilian Data Collecting Sated)itwith 10 Liapunov stable points. For the

medium size satellite (with some data similar te tAmerican satellite PEGAUS) it was found

60 equilibrium points, but with 2 Liapunov stableiqts. In both cases the fail was in the first

condition of the Kovalev-Savchenko theorem.

The results for the stable regions show that ifittear stability there is a separation between the
stable and unstable region when the spacecrattipaghmoments of inertia are equals. It is also
possible to observe that the rotational motionnedrly unstable for the small satellite in a low
orbital inclination. For considered equilibrium pts, the second condition is valid for all values
of k; andk;, for any orbital inclination for the medium sattdlibut for the small satellite it is
necessary an orbital inclination bigger than 01164. In the nonlinear analysis it was possible
to verify that the linear stability doesn’t guanaihe non-linear stability and the stable regions
are bigger for the small satellite. For the medisatellite there are two values for the orbital
inclination in which the Arnold determinant is eft@ zero, it means that the rotational motion
is nonlinear unstable. For the small satelliter¢his nonlinear stability for orbital inclination
bigger than 0.1651 rad.

Then the present analysis can directly contribatdhé maintenance of the spacecraft’s attitude.
Once the regions of stability are known for thatiainal motion, a smaller number of maneuvers
to maintain the desired attitude can be accomplishe this case, a fuel economy can be
generated to the satellite with propulsion systeargrol, increasing the spacecratft ‘lifetime.



