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Abstract: A nuclear power reactor coolant pipeline (main pipeline) is the main pressure equipment that connects the
reactor pressure shell and steam generator, known as the “aorta” of nuclear power. Gas tungsten arc weld-
ing (GTAW) is usually used for the all-position welding of the main pipe, which is conducted by a welding tractor.
However, because of the consistency of the groove and the stability of the equipment, the relative position between
the welding wire and the weld pool (referred to as the wire feeding position) is inevitably offset during the welding
process. The stability of the weld pool is damaged, and the welding quality is seriously affected. In addition, the
strong arc light and the high temperature in the welding process further increase the difficulty of wire feeding position
sensing. To solve this problem, based on the structured-light visual sensing method, this study analyzes the influence
mechanism of the wire feeding position on the weld pool morphology, studies the corresponding relationship between
the weld pool morphology and the reflection pattern, and obtains a sensing method that can effectively judge the wire

feeding position in the GTAW welding process of the main pipeline. The experimental results show that the structured-
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light visual sensing technology can amplify the oscillation of the weld pool surface using the mirror characteristics of
the weld pool surface. When the welding wire was fed to the front edge of the weld pool, a sunken area appeared,
and the dot matrix was dense on the right side of the reflection pattern. When the welding wire was fed into the weld
pool, the wire feeding position could be divided into the following two situations according to the melting pattern of
the welding wire: low-current welding and high-current welding. As for low-current welding, the welding wire was
melted by the heat of the pool and the arc, which resulted in an internal sunken area in the weld pool, and the dot
matrix was dense in the middle of the reflection pattern. As for high-current welding, the welding wire was melted by
the heat of the arc, and then the molten wire dropped into the weld pool and caused weld pool oscillation.
Therefore, the relative position relationship between the welding wire and the weld pool can be obtained effectively
based on the structured-light vision technology.

Keywords: structured-light visual sensing; gas tungsten arc welding (GTAW) ; wire feeding position; reflection
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Fig.1 Experimental system of structured-light visial sensing
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