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Structure analysis and design optimization of

pneumatic soft manipulator

LIU Zhuoqun' , ZHANG Xiang® , HUANG Yiyong® , CHEN Xiaogian® , ZHAO Yong'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;

2. National Innovation Institute of Defense Technology, Academy of Military Sciences, Beijing 100071, China)

Abstract; The motion and mechanical characteristics of pneumatic soft manipulators are significantly affected by their structural

characteristics. At present, it is urgent to improve the support reaction force and inclination angle of the pneumatic soft manipulator. Based on the

script interface provided by ABAQUS, Python script was developed to establish a parametric simulation model of gas control software drive, using

the size factor as the optimization variable, linking Isight and ABAQUS, and to determine the high sensitivity influence factor of inclination angle

and support reaction force by single factor test method. The normalization and weighting strategy and the evolutionary optimization algorithm were

used to optimize the inclination angle and the support reaction force, thereby obtaining optimal parameter combination. The results show that the

support reaction force and inclination angle are increased by 29% and 136% respectively compared with the initial value of the response. The

combination of finite element calculation and multi-variable optimization of the pneumatic soft manipulator is realized and the bending deformation

capacity and load capacity of the pneumatic soft manipulator are improved simultaneously.

Keywords: pneumatic manipulator; parameterization; sensitivity analysis; multi-objective design optimization
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Fig. 1 Schematic diagram of pneumatic manipulator
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Fig. 19  Optimization results of inclination angle
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Tab.3 Design variables and optimization results of

inclination angle
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Fig.22  Simulation analysis diagram of

optimized pneumatic manipulator
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