
Accepted Manuscript

Dynamic modeling and Super-Twisting Sliding Mode Control for Tethered Space
Robot

Yakun Zhao, Panfeng Huang, Fan Zhang

PII: S0094-5765(17)31285-7

DOI: 10.1016/j.actaastro.2017.11.025

Reference: AA 6556

To appear in: Acta Astronautica

Received Date: 12 September 2017

Revised Date: 26 October 2017

Accepted Date: 22 November 2017

Please cite this article as: Y. Zhao, P. Huang, F. Zhang, Dynamic modeling and Super-Twisting
Sliding Mode Control for Tethered Space Robot, Acta Astronautica (2017), doi: 10.1016/
j.actaastro.2017.11.025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.actaastro.2017.11.025


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Dynamic Modeling and Super-Twisting Sliding Mode 

Control for Tethered Space Robot 

Yakun Zhao1,2, Panfeng Huang1,2,*, Fan Zhang1,2 

1. National Key Laboratory of Aerospace Flight Dynamics, Northwestern Polytechnical 

University, Xi’an 710072, China 

2. Research Center for Intelligent Robotics, School of Astronautics, Northwestern 

Polytechnical University, Xi’an 710072, China 

* Corresponding author. Prof. Panfeng Huang, Email: pfhuang@nwpu.edu.cn，Tel：

+86 29-88460366 Ext: 801, Fax: +86 29-88460366 Ext: 803 

 

Abstract: Recent years, tethered space capturing systems have been considered as one of the 

most promising solutions for active space debris removal due to the increasing threat of space 

debris to spacecraft and astronauts. In this paper, one of the tethered space capturing systems, 

Tethered Space Robot (TSR), is investigated. TSR includes a space platform, a space tether, 

and a gripper as the terminal device. Based on the assumptions that the platform and the 

gripper are point masses and the tether is rigid, inextensible and remaining straight, the 

dynamic model of TSR is presented, in which the disturbances from space environment is 

considered. According to the previous study, the in-plane and out-of-plane angles of the tether 

oscillate periodically although the tether is released to the desired length. A super-twisting 

adaptive sliding mode control scheme is designed for TSR to eliminate the vibration of the 

tether to assure a successful capture in station-keeping phase. Both uncontrolled and 

controlled situations are simulated. The simulation results show that the proposed controller is 
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