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Numerical simulation of a collision between space elevator and space debris
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The main elements of the space elevator are a long and sturdy cable that extends from the ground to the outer space (upto”
Re) and a vehicle (climber) that can travel back and forth along the cable. If it is realized, the system will be a completely new
traffic infrastructure that can be used continuously for a long time. The space elevator has the advantages of costs, environmen
impact, and safety aspects compared to conventional rockets. Also, the cost-effectiveness of launching spacecraft from tt
space elevator has been discussed. Despite the early proposal of the key concepts (the idea of a &quot;tower&quot; reachil
geosynchronous orbit was proposed by a Russian scientist Konstantin Tsiolkovsky in 1895), the space elevator was far fror
realization due to the high technical demands of the cable. However, with the discovery and development of new material:
typified by carbon nanotubes, the feasibility has increased, and there appear an increasing number of academic studies, f
example, on the conceptual design (e.g., Edwards, 2007), and climber and wind influence (e.g., Lang, 2005, Williams, 2009)
although there are still many unsolved issues.

In this presentation, we discuss the collision of space debris with the elevator. It is well known that the near-earth environmen
is filled with an enormous number of space debris with a variety of sizes and weights. Although the population is relatively
low, there are large and heavy debris (such as &quot;dead satellites&quot;) that may hit the space elevator in a long time scal
giving a significant impact to the elevator. In order to proceed, we first developed a numerical model to simulate the motion
of the cable using the lumped-mass model, i.e., the cable is represented by a continuous elastic spring-mass point system. T
following forces are included in the model: gravitational force due to the Earth, the centrifugal force and the Coriolis force due to
the rotation of the Earth, internal stress and internal dissipation due to the cable. After determining the equilibrium positions of
the mass points, we then checked small-amplitude oscillations of the system and verified that they correspond to those obtaine
by eigenvalue analysis. We observe that, when a large impact is given to the cable, the cable response becomes nonlinear in
sense that the cable no longer oscillates around its equilibrium solution, but it can fall to the ground or cable rupture can take
place. Detailed parameter analysis will be presented for varying magnitudes of the impact, locations where the impact is giver
and the direction of the impact.
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