BAS8EERNE - $£03% - £ 108 - 2025 10 A DOL: https://doi.org/10.12345/dlynyqy.v3i10.32979

Research on motion path planning of heavy-load robot for
primary side maintenance of nuclear power plant steam
generator

Minrong Ji Bibo Zhu Dongli Wang
CGN Nuclear Power Operation Co., Ltd., Shenzhen, Guangdong, 518124, China

Abstract

In-service inspection and maintenance of primary-side tube sheets and heat transfer tubes in nuclear power plant steam generators
are critical for ensuring nuclear safety and operational efficiency. This environment, characterized by high radioactivity, limited
space, and extremely precise operational requirements, poses significant challenges for maintenance robots. This paper investigates
the motion path planning and design of a cantilever-type heavy-load positioning robot specifically designed for primary-side
steam generator maintenance. The robotic system integrates dual working modes (automatic/manual) and dual payload/light-
load configurations to handle complex and variable task scenarios. In motion planning, this study focuses on global path planning
methods combining A* and RRT algorithms. To address the issue of robot cantilever structure displacement under heavy loads, a
“small-step” path planning algorithm is proposed. Through software-based logical constraints, the system intelligently regulates the
robot’s movement range, effectively ensuring equipment stability and operational safety. Although not yet deployed in actual nuclear
power plants, experimental verification on 1:1 scale mock-ups demonstrates that the designed motion planning system excels in path
precision, obstacle avoidance capability, and payload adaptability. These features meet the stringent requirements for primary-side
steam generator maintenance, establishing a solid technical foundation for future engineering applications.
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