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Optimal design of self-adaptive climbing mechanism for

landing in the amphibious bionic robot

YIN Qian'*, WANG He* , SONG Zhen® , SHANG Jianzhong® , LUO Zirong’
(1. College of Energy and Power Engineering, Changsha University of Science & Technology, Changsha 410114, China;

2. College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: The amphibious bionic robot is an unmanned system which can work both underwater and on land, which has been widely used in

the fields of disaster rescue, environmental detection and resource exploration. An amphibious robot compounded with wheel and fin with the ability

of self-adaptive climbing was proposed in this paper. The kinematic and dynamic mechanics of the self-adaptive climbing process was analyzed. The

torque required of the critical obstacle crossing point was set as the objective function, and the optimized design structural and operational

parameters were obtained by applying the genetic algorithm. Meanwhile, the climbing ability of the amphibious robot in this work was compared

with others. The results illustrate that the required torque of the amphibious robot was reduced by 718.4 N « mm. The robot compounded with

wheel and fin can climb the vertical obstacle of a larger height. The self-adaptive climbing process of the optimized robot was simulated. The

simulation results illustrate that the variation of the propulsive velocity, the displacement and the torque in the processes of moving forward and

climbing the obstacles. The experiments of the obstacle climbing was investigated for verifying the structural and operational parameters design.

Keywords: amphibious robot; self-adaptive; obstacle-climbing robot; optimal design
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Fig. 1 Structure of the amphibious robot
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Fig.2  Structure of the obstacle climbing wheel
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Fig.4  The force of the obstacle climbing in the critical state
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Tab.1 The optimized structure parameters and
required torque for obstacle climbing compared with

the values before optimization
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Tab.2 Comparison of the obstacle-climbing ability of
the amphibious robot compounded with

wheel and fin with other robots
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Fig.5 The critical torque of the obstacle climbing versus 8
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Fig.6 The required torque of the obstacle climbing versus o
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Fig.9 Simulation of the amphibious robot
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Fig. 10 Velocity and displacement of the robot
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Fig. 12 Contact force between the robot and land
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