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Impact Motion Analysis and Optimization of Redundant
Serial Robot Considering Collision
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(1. College of Mechanical Engineering, Tianjin Polytechnic University, Tianjin 300387, China
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Abstract; According to the different operating environment and working conditions, the collision can be
divided into unconstrained collision and constrained collision, including immovable-point collision and
movable-point collision. Firstly, the impact dynamics model of the serial robot system was established
based on Lagrange equation, and the solving model of external impulse was derived from classical
collision theory and recovery coefficient equation. Secondly, with respect to unconstrained collision, the
concept of impact motion mapping matrix was proposed on the basis of impact dynamics analysis, and the
evaluation index named impact motion performance was constructed for evaluating the ability to maintain
motion stability under external impulse action. Finally, the ideas and methods for solving problems of
immovable-point collision and movable-point collision in kinematically redundant serial robot were
transformed into optimizing robot’ s pre-collision posture by choosing the minimum external impulse
generated during the collision as the objective for optimization. Taking the planar three-bar robot as an
example, the impact motion analysis and optimization design of unconstrained collision and constrained
collision were carried out respectively. The results showed that the external impulse would rise
significantly when robot was in or near singularity, and its structural parameters had a great effect on the
impact motion performance. The external impulse generated from collision can be reduced effectively by
means of pre-collision posture optimization, which was very useful for improving the stability and security
of the system.
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Design and Analysis of Actuated Metamorphic Parallel Spherical
Joint of Three Configurations

HU Xuyu LIU Hongzhao
( Faculty of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048 , China)

Abstract. Different from the existing methods by using constraint singularity or the chain singularity to
synthesis metamorphic parallel mechanisms, an actuated metamorphic parallel spherical joint of full
rotation of the one-dimensional, two-dimensional and three-dimensional rotation by way of opening and
locking actuated kinematic pair was presented through the method of finite screw. Using the screw theory,
the degree freedom of three configurations of the actuated metamorphic parallel spherical joint was
analyzed, the mechanism kinematics was studied according to the structure characteristics and geometric
constraints of the actuated metamorphic parallel spherical joint. Finally, SmPU actuated metamorphic
chain was obtained according to integrating the actuated metamorphic parallel spherical joint (Sm) with P
kinematic pair and U kinematic pair serial limb. Based on the SmPU actuated metamorphic chain, 3 —
SPS/SmPU actuated metamorphic parallel mechanism of six motion modes was presented. The method of
the type synthesis actuated metamorphic parallel spherical joint can also be applied to type synthesis other
actuated metamorphic parallel joints, the metamorphic method was simple and effective, and constraint
singularity and the chain singularity could be avoided effectively in the metamorphic process.

Key words: actuated metamorphic; three configurations; metamorphic spherical joint
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