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MODEL OF MOTION OF SMALL RADIAL SPACE TETHERED SYSTEM BY
THE ACTION OF AERODYNAMIC MOMENT

The possibility of using the electrodynamic space tethered systems (EDSTS) for deorbiting the space debris
is currently being studied extensively. However, a preliminary analysis demonstrated the instability of a radial
position of EDSTS due to aerodynamic effects included. The work subject is to construct the motion model of a
small radial space tethered system (STS) relative to the center of mass, which is suitable for analytical studies of
resonant motions of the STS by the action of the variable aerodynamic moment and for the estimation of the effect
of system parameters on these fluctuations. The system motion near the equilibrium position is examined:  a
longitudinal axis of the STS moves near a local vertical, amplitudes of the longitudinal axis oscillations are small,
the tether is stretched by gravitational forces. The model of a dumbbell has been chosen for the estimation of the
effect of the aerodynamic moment on the STS motion. The model of the aerodynamic moment takes into account
the variability of atmospheric density along orbit and its dependency on the STS orientation relative to the
mainstream. The class of small STS under consideration has been selected and ranges of variations in model
parameters have been defined for it. The results will be used to study the resonant aerodynamic instability of the
radial STS, including EDSTS.

Keywords: space tethered system, motion model relative to center of mass,
variable aerodynamic moment.

1. Ahedo E. Analysis of Bare-Tether Systems for Deorbiting Low-Earth-Orbit Satellites / E. Ahedo,
J. R. Sanmartin // Journal of Spacecraft and Rockets. – 2002. – V. 39, N 2. – P. 198 – 205.

2. Hoyt R. P. The Terminator Tape™: A Cost-Effective De-Orbit Module for End-of-Life Disposal of LEO Satel-
lites / R. P. Hoyt, I. M. Barnes, N. R. Voronka, J. T. Slostad // Space 2009 Conference, Sept 2009. – 2009. –
AIAA Paper 2009-6733. – P. 1 – 9.

3. Bombardelli С. Deorbiting Performance of Bare Electrodynamic Tethers in Inclined Orbits / С. Bombardelli,
D. Zanutto, E. Lorenzini // Journal of Guidance, Control and Dynamics. – 2013. – V. 36, N 5. – P. 1550 –
1556.

4. Sanmartin J. R. Electrodynamic Tether Applications and Constraints / J. R. Sanmartin, E. C. Lorenzini,
М. Martinez-Sanchez // Journal of Spacecraft and Rockets. – 2010. – Vol. 47, N 3. – Р. 442 – 456.

5. Levin E. M. Dynamic analysis of space tether missions / E. M. Levin. – San Diego: American Astronautical
Society, 2007. – 453 p.

6. Beletsky V. V. Dynamics of Space Tethered Systems (in Russian) / V. V. Beletsky, Ye. M. Levin – Moscow:
Nauka, 1990. – 329 p.

7. Maslova A. I. Spatial attitude motion of spacecraft under the action of variable aerodynamic moment (in Rus-
sian) / A. I. Maslova, A. V. Pirozhenko // Tekhnicheskaya Mekhanika – 2010. – No 3. – P. 51 – 62.

8. Kilchevsky N. A. Course of Theoretical Mechanics. V.1. (in Russian) / N. A. Kilchevsky. – Moscow : Nauka,
1972. – 456 p.

9. Kogan N. M. Dynamics of the Rarefied Gas (in Russian) / N. M. Kogan. – Moscow : Nauka, 1967. – 440 p.
10. Beletsky V. V. Influence of Aerodynamics Forces on Rotation of Artificial Satellites (in Russian) /

V. V. Beletsky, A. M. Janshin. – Kiev : Naukova Dumka, 1984. – 188 p.
11. Maslova A. I. Approximation of moment of aerodynamic forces acting on spacecraft with gravitational stabi-

lization system (in Russian) / A. I. Maslova, A. V. Pirozhenko // Tekhnicheskaya Mekhanika. – 2008. – No. 1. –
P. 9 – 20.

12. Kovtunenko V. M. Aerodynamics of Orbiting Spacecraft (in Russian) / V. M. Kovtunenko, V. F. Kameko,
E. P. Yaskevich. – Kiev : “Naukova Dumka”, 1977. – 156 p.

13. GOST (State Standard) 25645.166 – 2004 Upper Atmosphere of the Earth: Density Model for Ballistic Sup-
port of Satellite Flights. – Accepted 2004-03-09. – Moscow: Izdatelstvo Standardov. – 24 p.

14. Maslova A. I. Atmosphere density changes caused by spacecraft motion  in low Earth orbits (in Russian) / A.
I. Maslova, A. V. Pirozhenko // Kosmichna Nauka i Tekhnologiya. – 2009. – Vol. 15. – No. 1. – P. 13 – 18.

15. Maslova A. I. Modeling aerodynamic moment acting on satellite / A. I. Maslova, A. V. Pirozhenko // Cos-
micheskie Issledovaniya. – 2010. – Vol. 48, No. 4. – P. 362 – 370.

16. Sarychev V. A. Problems of Satellite Orientation (in Russian) / V. A. Sarychev // Itogi Nauki i Tekhniki : Issle-
dovanie Kosmicheskogo Prostranstva – Moscow : VINITI, 1978. – 223 p.


