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Experimental Research on Curved Surface Cladding Based on Robotic
Technology and Inside-Laser Powder Feeding Technology
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Abstract Laser cladding technology is based on horizontal or small-angle reference plane at present. The poor
powder converging characteristic when the nozzle is inclined is solved by adopting the technology of “hollow laser
beam and internal powder feeding”. The variable postures moving of nozzle with larger inclined angle are realized
by controlling laser processing robot. The axis direction of powder feeding nozzle is always coincident with curved
surface normal direction. The uniform coating on the curved surface with large inclined angle are accomplished.
The forces of molten pool on the curved surface are analyzed. The influences of different inclined angles on molten
pool size and scanning path on cladding layer are also analyzed. The width of cladding layer keep stable by
controlling the collimating gas rate, and the morphology and performance of curved surface cladding layer with
different inclined angles are investigated detailedly. The results show that the thickness of cladding layer is uniform,
the section microstructure is dense without obvious cracks and pores and the cladding layer is combined well with
substrate. A new method for repairing complex metal parts is provided.
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Fig.1 Schematic of the inside-=beam coaxial powder feeding nozzle and powder feeding picture
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Fig.2 Schematic diagram of the experimental setup
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Fig.3 Dimension of substrate cross—section (mm)
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Fig.4 Schematic diagram of scanning path
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Fig.5 Force analysis of molten pool on curved surface and morphology of molten pool with different inclined angles
collimating gas speed
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Table 1 Process parameters of laser cladding
Powder Laser defocusing Scanning speed / Collimating gas Overlap rate
Laser power /W
mass flow rate /(g/min) distance /mm (mm/s) speed /(m/s) 1%
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Fig.8 Picture of cladding layer Fig.9 Thickness of cladding layer
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Fig.10 Top microstructures of cladding layers of different channels
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Fig.11 Top microstructures of cladding layers of different positions
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Fig.12 Bonding zone microstructures of cladding layers of different positions
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Fig.13 Microhardness of cladding layer
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