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Abstract

Based on a mass-point model, the cable dynamiasspfce elevator during a climber’s travel motimexamined.
The cable response during a single operation ofamwending or descending climber is analyzed fast then,
based on the results, the cable dynamics for simetius operation of an ascending and a descenlifimgec are
evaluated. For the single operation, bending isifigg@nt when the climber is traveling near thetRa@rsurface. The
cable also inclines with periodic oscillation aseault of a Coriolis force corresponding to thentder velocity.
However, simultaneous operation of ascending asdeataling climbers can suppress the inclinatiorefdable by
almost a factor of ten. In simultaneous operat@mmpared to single operation, a descending clirhbsra smaller
amplitude of libration angle and less cable bendinigile an ascending climber has a smaller ampditwtien the
climber is traveling at a higher altitude with cher velocities of 200 km/h and 400 km/h. The phate¢he
oscillation of the overall cable is found to besddo that of the descending climber. Cable bendisgppressed for
any examined climber velocity, but the dependerfcthis suppression of displacement on climber \vigjois not
found. In summary, simultaneous operation can gwseppress the inclination of the cable via theceHation of
Coriolis forces by the two climbers.
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In this study, a space elevator cable is considased
1. Introduction a combination of divided elements, for which the
The effects of traveling climbers on the cableequation of motion is numerically solved to analylze
dynamics of space elevators have been studiedt&il de movement of the cable. The analytical model is the
by Lang [1-5], who used a discrete mass-point syste same as the one developed by Tao et al. [7] for
examine oscillating behavior of the cable. Langlgd  simultaneous deployment of the cables from GEO
the oscillation mode of the cable, stress, andidaens Station at the space elevator construction.
during the movement of climbers, and cable response
during gusty environmental conditions, such as2.1 Cable model
hurricanes. Cohen and Misra [6] also researchetecab The numerical model of the cable is shown in Fig. 2
dynamics by adopting a rigid-body model andl. A rotating system of coordinates that rotateth whe
formulated theoretical equations for cable osdéidlat Earth’s angular velocityp, is adopted, with the origin
when climbers ascend and descend and examinéeing located at the center of the Earth. The céable
countermeasures against oscillation caused by phailti divided into a number of element$ =925, each of
climbers. which is composed of a spring of natural length
Here, we examine in detail the cable responsk =100 km and a mass af =pAl, wherep is the
characteristics during the travel motion of clinder cable density and, is a cross section of tlith element.

using Lang’s discrete mass-point model. Based en tr iy — froe .
equations of motion that we have formulated, thaeca

response during the motion of a single ascending ¢ & v
descending climber, or the effects of climber vigjoc i
and mass on cable displacement and oscillation, a %|”
evaluated. In addition, based on the results foglsi § Climber $
climber operation, the cable dynamics during .
simultaneous (dual) operation of an ascending and ¥ :
descending climber are analyzed. selines : .
2. Analytical method of x T fnd

The Earth
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