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A novel 3-DOF force-controlled end-effector and its
kinematics and performance analysis

ZHANG Lin"*?, YANG Gui-lin**, LIU Li-tao"*?, LI Jian-gang™*, LIU 1i"*
( 1.Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China;

2 Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;

3.Key Laboratory of Robotics and Intelligent Equipment Technology of Zhejiang Province, Ningbo 315201, China )

Abstract: A three-degree-of-freedom (3-DOF) force-controlled end-effector to realize three translations is
proposed. It can be attached to an industrial robot to perform force-controlled polishing task in a narrow space. A

3-PPaR parallel robot configuration is selected for achieving compact and symmetrical structure design. In order
to improve high positioning accuracy and high force-controlled performance, the end-effector is driven by three
voice coil motors. Firstly, the mobility of the 3-PPaR parallel mechanism is verified by the modified G-K
formula, the forward and inverse solution of the mechanism is analyzed by position constraint equation.
Secondly, the Jacobian matrix is employed to determine the singularity configuration of the mechanism and the
workspace is analyzed by a numerical approach. This research work provides theoretical foundation for the

design optimization and prototype development of the force-controlled end-effector.
Key words: force-controlled end-effector; parallel mechanism; degree of freedom; kinematics; singularity



