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ROSETTA MISSION:'ORBITAL MOTION AROUND A COMETARY NUCLEUS 

F. Marzari, L.  Tomasella, V. Vanzani, Dipartimento di Fisica "G. Galilei" and CISAS - Centro Interdi- 
partimentale Studi e Attiviti Spaziali "G. Colombo", Universiti, 35131 Padova, Italy. 

We are investigating the close orbital motion of a spacecraft around a cometary nucleus in view 
of the ROSETTA Mission. The nucleus is modelled by mascons - a distribution of point masses in a 
tridimensional grid - in order to simulate the complex gravitational field of a fast-rotating irregular- 
shaped body. The solar tidal force and the solar radiation pressure are taken into account. 

Cometary nuclei are believed to be fragile objects and, on a large scale, they may have a "rubble- 
pile" structure consisting of weakly bonded components [I]. As a consequence, complex surface shape 
and irregular bulk density distribution have to  be expected. For this reason orbital simulators based on 
the usual triaxial ellipsoid approximation can be used only as a first approximation to  model the satellite 
orbit around comets. Instead of representing the gravity field with a harmonics expansion, we adopt an 
alternative model by using point masses (mascons) which' can be moved to simulate different "rubble- 
pile" structures. Our work concerns the stability of the probe orbit and the rate of change of its orbital 
parameters in order to evaluate possible risks in proposed orbit plans. 

The numerical model. The trajectory of the spacecraft is integrated in the body-fixed reference 
frame of the rotating nucleus; solar tide and solar radiation pressure forces are properly included according 
to [2]. To solve the equations of motion we have adopted the RA15 version of the numerical integrator 
RADAU [3], particularly indicated for modelling the dynamics of bodies perturbed by fast varying forces. 
The effects of comet outgassing and jets, treated as in [2], are not taken into account in the simulations 
here presented, because these concern the global mapping and close observation phases which are planned 
at a comet heliocentric distance of about 3.2 AU when the comet is not yet active. The position of the 
comet, in its orbit around the sun, is continuously updated in the code t o  compute the solar tidal force. 

The candidate target for the mission, in present baseline, is comet P/Wirtanen. Its actual size, shape, 
density and rotational dynamics are poorly constrained. Its mean radius, as estimated by ligthcurves, could 
be around 1.5-1.8 km. We have adopted in our simulations a model cometary nucleus with a bulk mean 
density p = 1.0 g cmW3 and a rotation period of 5 hours. The nucleus, shown in Fig. 1, has been built 
with about 3500 points of 4.3x1012 g each for a total cometary mass of 1.5x1016 g. Voids are included in 
the structure to  simulate the presence of porosity. 

Results. We present the results of two simulations with the probe on a polar orbit and the spin 
of the comet perpendicular to the orbital plane. In simulation 1 the probe flies very close to  the surface 
at the minimum distance at pericenter of about 1 km; as initial orbital parameters we take a = 10 km, 
e = 0.70. The simulation 2 represents a safer orbit with a minimum distance over the surface of 3 km; 
as initial parameters we take a = 15 km, e = 0.67. In Figs. 2 and 3 we show in the same plot the 
evolution of a and of the mean anomaly X of the probe over a period of two months. The steep leaps in 
a occur whenever the probe returns to the pericenter where the gravity field is rapidly changing due to  
irregular shape and rotation. Far from the pericenter the nucleus appears as a point source and the orbit 
is almost regular. These numerical simulations underline the difficulty in obtaining stable orbits for the 
spacecraft close to the surface. The simulation 1 shows in fact considerably more instability compared to 
simulation 2 characterized by a larger pericenter distance. The leaps are steeper and the apocenter moves 
more deeply back and forth as shown in the tridimensional view of the orbit in Fig. 4. However, in spite of 
large changes in a, and consequently in the satellite orbital period, the pericenter distance remains almost 
constant (see Fig.5). We are performing an extensive parametric study for different cometary shapes and 
initial spacecraft orbital parameters looking for stable configurations. 

REFERENCES: [I] Weidenschilling S. J.  (1994) Nature, 368, 721; [2] Scheeres D. J .  (1993) JPL-Engin. 
Memor., 314-572; [3] Everhart E. (1985), in Dynamics of Comets: n e i r  Oragin and Evolution (Reidel, 
Dordrecth), 185. 
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Fig.1. Model cometary nuclelis used in the simu- 
lations. Axis scales are in km. Figs.2,3. Semi- 
major axis (solid line) and mean anomaly (dotted 
line) evolution of the probe orbit for simulation 
1 and 2 ,  respectively. Fig.4: Tridimensional 
view of the probe orbital evolution in simulation 
1. Projections of the trajectory in the three refer- 
ence planes are also shown. Fig.5. Pericenter 
distance of the probe in siinulation 1 (around 3 
km) and simulation 2 (around 5 km). 
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