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Motion Mechanism and Test Study of Vibration-Driven Robot
with External Fins
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Abstract; To satisfy the demand of vertical pipe inspection, a vibration-driven robot with external
fins is designed and the motion mechanism is studied. Based on the structure of the robot, the
non-smooth multibody dynamics model of the robot system is developed, and the two non-smooth
nonlinearities, which are friction and impact, are considered. Numerical simulation analysis of the
frequency and time domain response of the robot are carried out and the effects of different load
quality parameters on the robot are studied. The robot prototype is developed, including
microcontrollers,, wireless control modules, etc. The robot is tested for vertical pipe crawling, and
additional mass is added to the robot to verify the load capacity of the robot during the test. The
test results verify the correctness of the numerical simulation results and the maximum upward
crawling speed of the robot is 10. 8 mm/s.

Key words; vibration-driven; non-smooth system; vibration impact; vertical crawling ; multibody
dynamics
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Fig. 1 Vibration-driven robot model with external fins
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Fig. 2 Dynamics model of the robot with external fins
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Simulation parameters of the robot with
external fins

Table 1

S8 AL B 28 A (=1
k, N/m 300 H, mm
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M, g 45 S N 3.6
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Fig. 4 Velocity-frequency response curve of the robot system with external fins
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Fig. 5 Analysis of the influence of the load mass on the
speed of the robot system with external fins
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