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Abstract: As the dynamic equations of space robots are highly nonlinear, strongly coupled and nonholonomic constrained, the efficiency 
of current dynamic modeling algorithms is difficult to meet the requirements of real-time simulation. This paper combines an efficient 
spatial operator algebra(SOA) algorithm for base fixed robots with the conservation of linear and angular momentum theory to establish 
dynamic equations for the free-floating space robot, and analyzes the influence to the base body’s position and posture when the 
manipulator is capturing a target. The recursive Newton-Euler kinematic equations on screw form for the space robot are derived, and the 
techniques of the sequential filtering and smoothing methods in optimal estimation theory are used to derive an innovation factorization 
and inverse of the generalized mass matrix which immediately achieve high computational efficiency. The high efficient SOA algorithm is 
spatially recursive and has a simple math expression and a clear physical understanding, and its computational complexity grows only 
linearly with the number of degrees of freedom. Finally, a space robot with three degrees of freedom manipulator is simulated in 
Matematica 6.0. Compared with ADAMS, the simulation reveals that the SOA algorithm is much more efficient to solve the forward 
and inverse dynamic problems. As a result, the requirements of real-time simulation for dynamics of free-floating space robot are solved 
and a new analytic modeling system is established for free-floating space robot. 
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