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Multi-Mode Motion Analysis of Modular Soft Robot

MIN Jian, LIU Zhaoyu, WANG Jiangbei, FEI Yangiong
(Research Institute of Robotics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To investigate the influence of driving pattern of the modular soft robot on the oneway
advancement, a six-module soft crawling robot is designed and the multi-mode motions are
discussed. The six-module soft crawling robot is designed by connecting differential drive
modules in serial which can move forward by transmitting traveling waves on the body. Analyzing
the relationship between the force state of inflating or deflating modules and their position
interval during crawling process, the position interval model is obtained, which meets the
necessary condition of one-way advancement, where the module gains advancement as inflating
and the movement is transmitted forward as deflating. And 10 feasible motion modes are elicited
by consulting the model. The Lagrangian dynamics model is established by taking advantage of
lumped mass method, and the feasibility of the motion modes is verified by simulation in
ADAMS. The feasible motion modes of the robot are verified by experiments and the crawling
speeds in different modes are obtained. This approach shows that it is feasible and accurate to
analyze the motion mode of modular crawling robot by using the position interval relationship

formula of the inflating and deflating modules. The multi-module soft robot has rich motion
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modes, and the movement speed can be changed by adjusting driving modes. The mode A1D2

enables the robots to achieve a maximum speed of 13. 2 mm/s.

Keywords: modular soft robot; position interval relationship; multi-mode motion
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