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Analysis of Librational and Vibrational Characteristics for
Tethered Systems During Orbital Transfer in Plane

SUN Liang, ZHAO Guowei * , HUANG Hai, ZHU Ouning
School of Astronautics , Beihang University , Beijing 100191, China

Abstract: The center of mass of a tethered system is in a non-Keplerian orbit during orbital transfer, which leads to a com-
plicated dynamic behavior of the system and affects the normal operation of the mission satellite. Thus, it is of great theoret-
ical and practical significance to study the librational and viberational characterif\és'of a tethered system. According to its
complex nonlinear and strong coupling. an attitude dynamic equation of the ethéfg‘fsystem is established on the basis of the
momentum theorem; and against the background of deorbiting in the ta hiah;irection, the trajectory of the center of mass
is obtained. Based on the analysis of the bifurcation of the in-plane an’g?g,"t'he first-order analytical solutions of librational an-
gles are derived. Then. a typical lumped mass model is introg@eé,tb study the longitudinal and transverse vibration of the
tether. Furthermore, the coupling effects between the @ther\\'t%fdfional and vibration characteristics are analyzed. Numerical
simulation results indicate that during orbital transfgr, IiB(r 'oﬁal angles maintain a uniform-amplitude pendular motion around
the equilibrium position at a specific angular frequ&ar&}d‘etermined by factors such as the length of the tether, the thrust ac-

(N 4
celeration and the geocentric distance., Itma{ éaguﬂ in resonance of the librational angle when the pendular motion frequency
4

of the in-plane angle approaches thésangularffequency of the orbit, and a great transverse motion also occurs during orbital
transfer. . N \\¢
L
(N § { N )
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