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Summary In this paper, base on the multi-body dynamic theory, the dynamic equations of a free floating space robot are derived 
during capturing a free motion target. The dynamic equations of the space robot are derived with the Lagrange formulation, and the 
dynamic equations of the free motion target are derived with the Newton-Euler formulation. The combination equations are obtained 
base on the above equations of space robot and target during capture operation. The final combination equation can be decomposed 
in a linear form about the uncertain parameters, base on the above decomposition, a robust control are design for the space robot 
which will calm down the space robot and overcome the effect of uncertain parameters 

 
INTRODUCTION 

 
As the development of the space technology, more and more equipments are applying in the outer space. The servicing 
works for these equipments are becoming heavier than before. The space robot is becoming a good assistant for the 
astronaut [1]. The free floating space robot is a kind of special robot; the base of the robot is free under the micro 
gravity condition when the robot works in the outer space. This is different with the robot which works in the earth, so 
there are strong dynamic coupling between the links and the base of the space robot. The main assignment of the space 
robot is capture operation. The impact between the robot and the target can not avoid when the robot capture the target. 
The impact force will affect the state of the robot, and the uncertain parameters of the target will affect the control 
[4][5][6]. 
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Fig.1. The model of the space robot and the target during capture operation 

 
DYNAMIC MODEL 

 
The model of the space robot during target capture operation shown in Fig1. The free motion base and the links 
comprise the space robot, and the target is free motion. The dynamical equations of the space robot are derived with 
Lagrange formulation: 
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The dynamical equations of the target are derived with Netwon-Euler formulation: 
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Base on the Newton law, the impact forces have the relation: 
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Upon the combination of Eq.(1),Eq.(2) and Eq.(3) the following is obtained: 

                                     τCqD  cc                                      (4) 

The Eq.(4) is the combination equations of space robot and the target. The left part of Eq.(4) can be rewritten in a new 
form: 

                                      τWΦ                                         (5) 

The  is a matrix which do not contain the uncertain parameters, and the  is a vector which contain the 
uncertain parameters. The left side of the new equations has a linear relation with the uncertain parameters, so the 
robust dynamic control can be used for the space robot during capture operation. The robust control will calm down the 
space robot during the capture operation, and it will overcome the difficulty of the parameters uncertain. 
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