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Electrodynamic tethers (EDTs) are being considered as method of in-space “propellantless” propulsion for spacecraft in
low-to-medium Earth orbit. This propulsion is accomplished through the conversion of a magnetic force on a current to
mechanical energy when electrical current flows through a conducting tether in the Earth’s magnetic field. Depending
on the direction of current flow, the force is either orbit raising or lowering. The electromotive force (emf) to drive
current for orbit-lowering situations comes from the orbital energy of the spacecraft. For orbit-raising situations, an
alternate energy source, such as from batteries or solar cells, must overcome the motional emf and reverse the direction
of current flow. Tether current flow is enabled by collecting electrons from the ionosphere near one end of the tether
and either injecting them back or collecting ions at the opposite end.
The ability to thrust via electrodynamic means is proposed for use in future missions and systems including MXER
(Momentum-Exchange/Electrodynamic Reboost) tether transportation systems [1]. MXER systems promise fullyreusable in-space transportation infrastructure that will boost spacecraft and payloads from low-earth orbit altitudes to
high-energy transfer trajectories [2,3]. The MXER concept combines the principles of momentum exchange, in which a
rotating tether system quickly provides orbital energy to a spacecraft by picking it up from a low orbit and tossing it into
a higher orbit, with electrodynamic-tether propulsion to make up for the lost orbital energy of the rotating tether system.
To meet MXER system requirements of long-duration and efficient electrodynamic thrust performance, the system
requires a high-conductivity, high-strength, insulated tether that can operate reliably at up to several kilovolts of bias
with respect to the surrounding plasma. Of particular concern is the fact that the tether will be exposed to the flux of
micrometeoroids and orbital debris (M/OD) present in Earth orbit, and impacts by these particles will cause nicks and
pinhole breaches in the tether’s insulation. Even assuming that the pinholes do not cause significant arcing at the
plasma–metal–insulator triple point, which is itself a concern [4], these breaches represent a loss mechanism for current
flow along the tethers, decreasing thrusting performance. That is, the leakage current will grow steadily over time as
the tether continually experiences M/OD impacts, and the performance of the electrodynamic-reboost tether system will
degrade.
This paper discusses the physics of the current loss mechanism based on previous experimental modeling [5]of the
small breaches, i.e., pinholes. It then develops several system-level studies on the performance degradation due to
anticipated levels of leakage current, considering factors such as tether geometry and length, plasma density, magnetic
field, and orbital velocity. Depending on what levels of performance degradation are acceptable, methods to mitigate
against leakages are required.
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