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Abstract

To address the stable deployment of space tethered systems subject to unknown bounded disturb-
ances and model uncertainties, an improved smooth adaptive super-twisting control method is pro-
posed. To overcome the inherent control chattering and discontinuous switching of conventional
sliding-mode control and standard adaptive super-twisting algorithms, a smooth saturation func-
tionisintroduced into the control law to replace the discontinuous signum function. The adaptive
gain mechanism is retained to compensate for unknown bounded disturbances while ensuring con-
tinuous control input and suppressing chattering. The stability of the closed-loop system is analyzed
using Lyapunov theory. It is demonstrated that the sliding variable can reach a small neighborhood
of the origin within finite time and remain uniformly ultimately bounded within the introduced
boundary layer. Numerical simulations under disturbance-free and composite strong-disturbance
conditions show that, compared with standard adaptive super-twisting control and sliding-mode
control with a power reaching law, the proposed method provides a smoother tether-tension input,
a smaller root-mean-square tether-length tracking error, and stronger robust suppression of in-plane
libration while maintaining a comparable convergence rate. The results demonstrate the engineer-
ing advantages of the proposed method in reducing actuator wear and improving deployment sta-
bility.
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Figure 1. Schematic diagram of the two-dimensional rigid dumbbell model
of the space tethered system (redrawn from Refs. [1] [4] [6] [7])
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Figure 2. Time history of the system control input without disturbance
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Figure 4. Time history of the tether deployment rate without disturbance
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