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The asymmetrical pneumoelectric robotic end-effector
and its static force control characteristics

ZHANG Guolong'*?, YANG Guilin®", ZHANG Jie¢?, LIU Litao**, DENG Yimin®
( 1.School of Mechanical Engineering and Automation, College of Science & Technology Ningbo University, Ningbo 315300,
China; 2.Key Laboratory of Robotics and Intelligent Manufacturing Equipment Technology of Zhejiang Province, Ningbo Institute
of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China; 3.Faculty of Mechanical
Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: To address the problem of low precision and slow response of the existing pneumatic robotic
end-effector with force control, a novel asymmetrical pneumoelectric end-effector is proposed. Pneumatic force
of asymmetric cylinder and electromagnetic force of Permanent Magnet Linear Synchronous Motor (PMLSM)
are coordinated by variable parameter PID controller to achieve real-time compensation and precise control of
the contact force in continuous contact operation of robot. Through modeling and simulation analysis of
pneumatic system, PMLSM and controller, the control characteristics and force-displacement characteristics are
both studied. The result shows that the pneumoelectric force control system can eliminate effectively the
hysteresis and crawling phenomenon caused by friction and following errors compared to the pneumatic control
system. The maximum error of the control characteristic is reduced from 9.2 N (double the maximum static
friction + dynamic and static friction difference) to 1 N as well, and that of the force-displacement characteristic
is also reduced from 9.6 N (double the dynamic friction + pneumatic force fluctuation) to 1 N. The quality of
continuous contact operation can be improved by the pneumoelectric robotic end-effector with increased force
control accuracy.

Key words: pneumoelectric; end-effector with force control; pneumatic force; electromagnetic force;
coordinated control; control characteristic; force-displacement characteristic; robot



