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Rotating EDT in retrograde equatorial orbit around Io

Methodology:
The topic of the research stems from two unique properties of tethered satellites interacting with a

planetary system. First, as observed in ref. [18-20], a tethered satellite controlled in length and placed
at a Lagrangian point can be used to enhance stability, improve the characteristics of a given orbit or,
in some cases, to stabilise an unstable orbit. All of it without expending fuel. Second, the propellantless
Lorentz force available to electrodynamic tethers can be exploited for improving the stability of an orbit
and also to extract continuous power from a rotating plasmasphere or from the orbital energy of natural
satellites as observed in [8,9]. The present report investigates these topics with a systematic approach. A
variable length inert or electrodynamic tether (EDT) either graviy-gradient- or spin-stabilised in a three
body system is considered . General equations of motions are derived to investigate : stabilisation of the
collinear lagrangian points with variable length inert or rotating tethers, stabilisation of halo orbits with
constant length fast-rotating tethers, continuous power generation with EDT in a three body system both
at the collinear and triangular Lagrangian points.

Results:
1) Asymptotic stability was achieved for the control of variable-length rotating tethers in the neigh-

bourhood of the collinear lagrangian points without the tether losing tension.



2) Stable Eight-shaped orbits where obtained with constant length fast-rotating inert tethers. Stability
was also found for some normally unstable halo orbits.

3) Continuous power generation of EDT in circular retrograde orbit around Io was achieved without
compromising the orbit stability. A simple control scheme was also implemented allowing to quickly reach
escape velocity from a low altitude ionian orbit only using the electrodynamic force.

4) For the case of EDT at the triangular lagrangian points, new equilibrium positions emerge when
the electrodynamic force is activated, showing the possibility to maintain a tethered S/C fixed in the co-
rotating frame and at the same time to extract kilo-Watts of electrical power (useful on-board of the S/C)
from the super-rotating Jovian plasma sphere. Non-linear dynamics around new equilibrium positions has
been used to explore and scan the Jovian Plasma Torus by means of a rotating EDT of moderate length.
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Highlights:
Placing an inert or electrodynamic tether in a 3-body gravitational environment modifies the structure

of the dynamics in such a way to allow passive or active stabilisation of the tether motion in the vicinity
of the lagrangian points or orbiting around them. In addition, continuous power generation without
compromising orbit stability is possible in some cases using electrodynamic tethers. The Jupiter-Io system
appears particularly effective both in terms of power generation (at the expense of plasmasphere energy)
and in terms of orbit control.


