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APPLICATIONS OF SPACE TETHERS IN ORBITAL MANOEUVRES

Abstract

Space tethers are innovative devices designed to harness the gravitational forces and momentum of
celestial bodies, aiding in various space missions and satellite operations. These long, strong cables or
ropes can connect satellites or spacecraft to each other or to a planetary body, enabling a range of
functionalities such as propulsion, stabilization, and even energy generation. By utilizing the principles of
physics, such as the conservation of momentum and gravitational interactions, space tethers can reduce
the amount of fuel needed for maneuvers, thereby promoting more sustainable space exploration. As
technology advances, the potential applications of space tethers continue to expand, offering exciting
possibilities for future missions, including orbital debris removal, interplanetary travel, and enhanced
satellite positioning. Space tethers also offer a promising method for performing orbital maneuvers without
relying solely on conventional propulsion systems. Tethers can change a spacecraft’s trajectory efficiently.
However, the dynamic behavior of space tethers is highly dependent on the tension they experience during
deployment, retraction, and maneuver execution. This paper investigates the tension requirements for
orbital maneuvers. A system of two satellites linked by a space tether is used for the present study. Those
two satellites connected by the tether is in a rotational motion when the tether in released, which generates
an impulse in both satellites. Through analytical modeling and numerical simulations, we evaluate the
impact of tether length, material properties, and the masses of the satellites involved on the required
tensile forces. The findings provide key insights into the feasibility of tether-assisted propulsion and
contribute to the design of robust tether systems for future space missions. This type of problem has been
studied before under simplified models, assuming that the tether is very light and its mass is negligible,
which is a valid approximation in many cases, but not in all situations. Therefore, the present paper will
focus in the situations where the mass of the tether is not negligible. To do this, a mathematical model
considering the system of two satellites and the tether is a rigid body. Based on this model, simulations
are made to show the behavior of the system and what happens to the satellites after the tether is released.
IN particular, it is expected to find situation of collisions with the Earth as well as escapes. Both cases
have important applications in real missions.
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