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Abstract

A space elevator is a promising technology for future space transportation. The main component
of a space elevator is a tether deployed from a geostationary orbit toward the Earth and into deep
space. Payloads are transported using climbers that move on the tether. However, understanding the
precise dynamics of the system is a challenging task on a space elevator. The tether could have various
deformations such as stretching, bending, and twisting due to the flexible nature of the tether and the
low level of vibration damping in space. These deformations and motions can have a significant impact
on the mission. Therefore, understanding those effects on the tether is essential for the mission design of
a space elevator. It is difficult to reproduce those behaviors of space tether systems on the ground. Thus,
high-fidelity numerical analysis methods are needed to analyze the dynamic response of space elevators
precisely. Previously proposed analysis models of space tether systems with climbers have not argued the
effect of torsional deformation of the tether; these models have only considered elongation, bending, and
rigid body motion of the tether. However, a tether can be twisted easily due to its low torsional stiffness.
This study adopts a nonlinear finite element method to establish high-precision numerical simulation
models for space elevators that can consider large deformation that includes elongation, bending, torsion,
and rigid body rotation of a tether. The analysis of a space tether system requires a lot of element
divisions due to the length of the structure, which can result in a lengthy analysis time range. Therefore,
it is desirable to reduce unnecessary computational costs by simplifying the model by excluding negligibly
small deformations. This study developed Absolute Nodal Coordinate Formulation with 14 degrees of
freedom (ANCF14) that allows efficient dynamic analysis with a few degrees of freedom using a moving
frame. A moving frame is a coordinate system defined along the geometry of a curve. The torsion angle
represents the deviation angle between the moving frame and the material coordinate system attached to
the element. This study formulates a flexible multibody model and analyzes the motion and deformation
of the space elevator that includes nonequatorial anchors. Based on the obtained results, we discuss the
realistic design criteria for designing space elevators.
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