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Design of Motion Planning Safety and Condition Monitoring
System for Heavy-duty Robots in Steam Generator Heat
Transfer Tube Maintenance at Nuclear Power Plants

Bibo Zhu Dongli Wang Minrong Ji

Abstract

The heat transfer tubes of steam generators in nuclear power plants are the critical pressure boundary between the primary and
secondary loops, and their integrity is crucial to the safety of the unit. Due to the high radioactivity, limited space and high precision
requirements in the maintenance environment, inspection and positioning robots are required for operations to reduce the radiation
dose to personnel. To address the safety needs of heavy-duty robots in this scenario, this paper proposes a kinematics-based collision
detection algorithm, which uses bounding box technology and the separating axis theorem to achieve risk assessment; establishes an
anti-entanglement model through algorithm planning; and develops an integrated management system that incorporates condition
monitoring, log tracking and visual maintenance. Experiments show that the system achieves the unity of robot motion planning
safety and tasks in tube bundle-dense environments, providing technical support for the subsequent application of robots.
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