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Abstract: To discuss the feasibility of direct underwater laser beam welding (ULBW), an optical fiber laser was used to
investigate the effects of the laser power, the defocus distance and the depth of water on the underwater wet welding of 45
steel. The microstructure and properties of onshore welding and underwater welding was comparatively studied. Results show
that a ‘beam channel’ is formed in the water between the incident laser beam and the surface of workpiece during the process
of direct underwater laser welding. The stability of the welding is upon that of the ‘beam channel’. The water depth thresholds
vary according to different laser powers. Once the water depth exceeds the certain threshold, a strong hindering effect on the
laser induced by the water is formed, which leads to the failure of the welding. The laser power, the defocus distance and the
depth of water have significant influence on the quality of the weld bead. The increase of laser power improves the
welding quality, and the appropriate negative defocus leads to the higher depth-width ratio welds. However, the increase of
water depth has the negative effects. The microstructure of onshore welding is mainly composed of pearlite and ferrite.
However, it is martensite and a small amount of residual austenite in underwater welding. The microhardness of the
underwater welding is higher than that of the onshore welding. The tensile strength of the underwater welding is 606 MPa,
which is 94.8% of the substrate, while the percentage elongation after fracture is only 3.1%.
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(b) Under the water depth of 10 mm
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Fig.1 Process of direct ULBW under various water depths
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