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Development and application of key technologies for intelligent welding robots
in nuclear power steam generators
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(1. China Nuclear Power Engineering Co. , Ltd. , Shenzhen 518124, Guangdong, China;
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Abstract: Tube-to-tubesheet welding is the core process in the manufacturing of nuclear power steam generators. Aiming at the problems of
traditional welding such as labor dependence, low efficiency and insufficient quality stability, this paper develops a whole-process intelligent
welding robot for tube-to-tubesheet of nuclear power steam generators by designing and integrating four key technologies, including
positioning combining laser scanning and mandrel insertion, multi-head collaborative intelligent welding, intelligent interactive cleaning and
detection of welds, and digital monitoring and management. The robot breaks through the limitation of partial automation in traditional
welding, and realizes the whole-process intelligent operation of accurate tube hole positioning, automatic welding, weld cleaning and quality
detection. Engineering verification shows that the welding quality of welds formed by this robot meets the strict nuclear power standards, and
the overall welding efficiency is three times higher than that of traditional processes, greatly shortening the manufacturing cycle. The robot
has been successfully applied to the manufacturing of Hualong One nuclear power steam generators. The whole-process intelligent welding
robot developed in this study provides key technical support for the digital and intelligent transformation of nuclear power equipment
manufacturing, and has important engineering value and demonstration significance for promoting the intelligent manufacturing upgrading of
China’s high-end nuclear power equipment.

Keywords: nuclear power steam generator; whole-process intelligence; tube-to-tubesheet welding; welding robot; multi-head collaboration;
welding quality
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Fig. 1 Tube-to-tubesheet welding robot
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Fig.2 The nose switching system at the front end of the manipulator
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Fig.3 Multi-head cooperative intelligent welding
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Fig. 4 Intelligent interactive weld cleaning and detection
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Fig.5 The collected real-time data of welding
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Fig. 6  Operation logic diagram of tube-to-tubesheet whole process intelligent welding robot
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Fig.7 Welded joint
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