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Abstract

Technical Sessions: C1.1 Attitude Dynamics (1), relevance A6.2 Resident Space Objects and High
Velocity Impacts.

Electrodynamic tethers (EDTs) offer a propellant-less mechanism for orbital decay by exchanging
momentum with the geomagnetic field, making them an attractive Active Debris Removal (ADR) con-
cept. However, flexible tether deployments suffer skip-rope kinematic instabilities—harmonic bending
and torsional modes that can lead to tether wrap, structural failure, or mission loss. Our team pro-
poses the Tension-Modulated EDT Swarm (TMES), a dual-CubeSat architecture concept that replaces
heavy visual monitoring with tension-based sensing and closed-loop control to detect and actively damp
harmful tether modes without thruster use. In current state, each satellite measures tether load via
micro-load cells at attachment points and uses onboard Inertial Measurement Units (IMUs) to provide
attitude inputs. We propose a state estimator that utilizes this combined inertial and tension data to
reconstruct dominant modal amplitudes and phase in real-time. To mitigate the kinematic instability
without introducing failure-prone mechanical actuators, this architecture utilizes a fully autonomous,
software-driven Proportional, Integral, Derivative (PID) control loop. By analyzing tether tension, the
swarm logic dynamically modulates the tether’s electrical current, utilizing the resulting Lorentz force
variations to actively dampen harmonic resonance. This paper will present a coupled flexible-multibody
and electrodynamic computational model designed to demonstrate the effectiveness of this closed-loop
system. The simulation will evaluate the accuracy of mode reconstruction from tension and IMU data
using an Extended Kalman Filter (EKF), and the percentage reduction in modal energy over targeted
modal periods using pure current-pulsing control in representative LEO conditions. Preliminary power
analyses indicate that current-pulsing duty cycles remain fully compatible with standard CubeSat power
and thermal constraints. TMES provides a low-mass, low-complexity approach to make EDT Active
Debris Removal (ADR) feasible and safe for small spacecraft. The concept reduces mission risk by elimi-
nating dependence on high-mass optical sensors, chemical propellant, and mechanical spooling actuators.
Ongoing work addresses plasma coupling nonlinearity and tether fatigue from repeated control cycles.
This approach is highly relevant both to propellant-less propulsion research and to operational ADR
architectures for a sustainable LEO environment.
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