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Orbit-Attitude-Structure Coupled Dynamic Simulation for Ultra-large Structure
Assembled by Robot

WANG Qisheng, JIANG Jianping, LI Qingjun, JIANG Guoqi, ZHOU Lingsong
(School of Aeronautics and Astronautics, Sun Yat-sen University, Guangzhou 563100, Guangdong, China)

Abstract: Using robot to assemble spatial components is an essential way to build ultra-large spacecraft. Available
studies on space assembly mostly focus on small structures, without considering the effects of gravity gradient and orbit-
attitude-structure coupling. In this paper, an orbit-attitude-structure coupled dynamic model is established for the space
assembly system including space robot and flexible structure to study the effects of gravity gradient and orbit-attitude-
structure coupling on the assembly process. First, the space robot is regarded as rigid, and the main structure and the
structure to be assembled are regarded as flexible. Moreover, natural coordinates are used to model the rigid space
robot, and absolute nodal coordinates are adopted to model the flexible structures. Then, the Hamilton equation of the
system is derived with the consideration of the kinetic energy, the gravitational potential energy, and the elastic energy
of the rigid and flexible bodies, taking the effects of gravitational force and gravity gradient into account. Finally, orbit-
attitude-structure coupled dynamic simulations are conducted by trajectory planning and trajectory tracking control, and
the dynamic responses of the system are studied, including the orbital motion, attitude motion, control results in both
the joint space and the Cartesian space of the robot, and structural vibrations of the flexible structures. The results show
that the effects of gravity gradient and orbit-attitude-structure coupling are vital to the control moment of the space robot
and the assembling precision, which must be considered in the assembly process design and control system design.
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