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Mechanism design and joint drive analysis of snake-arm manipulators

Ma Ke* ™ | Li Bin®, Wang Cong” , Zhang Liangquan ™" , Chang Jian"

( " State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016)
( ™ University of Chinese Academy of Sciences, Beijing 100049 )

( ™ College of Information Science and Engineering, Northeastern University, Shenyang 110819)
Abstract

Considering that compared to traditional six-axis manipulators, a snake-arm has the obvious advantages in

terms of movement flexibility and obstacle avoidance, a study on snake-like manipulator is conducted. In order to

make a snake-like arm adapt to various types of unstructured environments, a new design method for snake-like

arms based on wire driven is given, a kinematic model for snake-like arms is established by using the method for

description of equivalent rotating shaft, and a static force module analysis is performed. The modules are connected

in series. Fully driven of the snake-arm is based on the rope-driven approach. In the static force module analysis,

the influence of the rope friction force is considered. An optimization function is introduced to analyze the traction

force of the joint drive rope, so as to compensate the elongation of the rope displacement. Further, a closed-loop

control system based on CAN bus is established to improve the accuracy of joint pose. Finally, the kinematic simu-

lation is carried out in ADAMS simulation environment. The feasibility of the displacement compensation method is

verified by comparing with the snake-arm’ s ideal pose, and the effectiveness of the control system is verified by the

prototype test.

Key words: snake-like arm, wire-driven, joint drive analysis, redundant arm
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