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Abstract

This paper discusses the system design of coaxial double eccentric spherical robot, aiming to improve
their flexibility and accuracy of motion. Firstly, the design principle, structural characteristics and

SCES|F: B, TORUK, RERE. R OEIEALES N RGBT SRTTED]. 5153, 2025, 14(4): 1212-1224.
DOI: 10.12677/mos.2025.144367


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.144367
https://doi.org/10.12677/mos.2025.144367
https://www.hanspub.org/

operating mechanism of the robot are analyzed in detail. The focus is on the performance of the
robot under various operating conditions, focusing on key indicators such as motion accuracy, re-
sponse speed and stability. Lagrange dynamic equation is derived for spherical robot driven by co-
axial double eccentric mass, including linear, steering and climbing motion and primary dissipation
function. Simulation and experimental results show that the robot has excellent dynamic character-
istics, especially in accuracy and stability. In addition, the startup strategy based on S-curve is in-
troduced to optimize the startup performance. By gradually accelerating and decelerating the robot,
this method can reduce the vibration and impact caused by rapid acceleration and ensure a smooth
transition in the starting process. The improved starting stability and dynamic response enhance
the overall stability and reliability of the robot. This research provides theoretical and practical
insights for the operation of spherical robots, and provides a solid foundation for future research
and application in this field.
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Figure 1. Structure diagram of spherical robot
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Figure 2. Structural design drawing of driving unit
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Figure 3. Schematic diagram of robot running in a straight line
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Figure 4. Simplified model structure diagram
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Figure 5. Linear travel speed curve
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Figure 6. Linear stroke displacement curve
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Figure 7. Linear travel vibration curve
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Figure 9. Diagram of the motion velocity of a spherical robot
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Figure 10. Diagram of the motion velocity of a spherical robot
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