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6250 13630 8840 6200 31460 10000 630

Table1 ESA statistics related to space debris



The study of scientific issues such as the dynamics and 

control of the space debris de-orbit removal process of space spin 

tether systems can provide important theoretical support for space 

debris mitigation and is of great research significance.

By selecting appropriate system parameters, such as system 

configuration, tether length, system mass and spinning angular 

velocity, researchers can use the system to provide a wide range of 

velocity variables to the payload to satisfy a variety of payload 

transfer tasks.

Because the components of the on-orbit STS is not 

repairable, in order to increase the STS's autonomy of the 

operation, it is required that STS can effectively deal with 

component failures without any maintenance to be able to deal 

with component failures efficiently.
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Mechanistic analysis of space debris removal through the spinning tether system

Debris removal at perigee 

with common apse line

Debris removal  with 

common apse line

Debris removal without 

common apse line

Noncoplanar debris removal

At the instant of space debris 

ejection, its orbital velocity is 

synthesized by the system's orbital 

motion velocity and the linear velocity 

relative to the center of mass motion, 

which is equivalent to generating an 

instantaneous velocity impulse to 

complete the orbital maneuver relative to 

the orbital velocity of the previous free 

on-orbit operation, and is capable of 

realizing debris removal.



Dynamic model



Generalized coordinate transformation



In this paper, we consider the mission scenario that the space tug is located at the true anomaly of the Keplerian 

orbit at 
4

5
𝜋 after the completion of the capture, with an orbital eccentricity of 0.05 and a semi-long axis of 40489.5km, 

and is tangent to the graveyard orbit (orbital altitude of 42514km) at apogee, and the debris will be released from the 

apogee after the rotation from the completion of the capture. The velocity and flight path angle of the debris at the 

moment of release are obtained by superimposing the in-plane/out-of-plane rate and in-plane/out-of-plane angle on the 

velocity and flight path angle of the tether system at the moment of release, after which the debris enters the graveyard 

orbit to complete the removal.

Situation of the mission



fuel optimal cost function

boundary conditions

state constraint

Infinite time transform

Dynamical equation fitting

Optimal control problems for 

continuous systems（OCP）

Nonlinear program for discrete 

systems（NLP）

numerical integration 

of cost function

Optimal trajectory

Prescribed performance adaptive robust fault-tolerant control

Spin trajectory planning



Prescribed performance adaptive robust fault-tolerant control



Prescribed performance adaptive robust fault-tolerant control

Dynamic Model Controller and Fault 

Coefficient Adaptive Law

Virtual Control Law

Barrier Lyapunov function

Adaptive Perturbation Observer

Neural network weights adaptive law



Optimal trajectory



Controller Numerical Simulation



Controller Numerical Simulation



Control output and observer error



Thank you for your attention!


