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Welding gun manufacturing and cladding process analysis of
coaxial powder-feeding TIG cladding

ZHOU Canfeng, ZHAO Yuhang, LI Wenlong, GAO Hui
(Beijing Higher Institution Engineering Research Center of Energy Engineering Advanced Joining Technology,
Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: [Objective] The aim is to solve problem of poor adaptability of pre-placed powder and lack of experimental data in conventional
tunsten inert gas (TIG) cladding. [Methods] This paper designed and fabricated tubular and annular coaxial powder-feeding TIG guns. A three-
dimensional numerical model was established to compare arc morphology, flow field and powder utilization rate, followed by process
experiments in which welding heat input, powder-feeding rate and SiC concentration were varied to produce and evaluate cladding layers.
[Results] The results showed that annular coaxial powder-feeding maintained a complete “bell-shaped” arc, eliminated annular vortices and
achieved significantly higher powder utilization rate than tubular structure. Process trials revealed that tubular powder-feeding cladding layers
had pits at arc extinguishing position, non-straight welds and uneven weld width, whereas the annular powder-feeding cladding layers presented
a smooth surface, uniform geometry and higher cladding efficiency. [Conclusion] Annular coaxial powder-feeding TIG cladding is better than
tubular configuration in arc stability, powder utilization rate and forming quality, making it more suitable for high-efficiency surface-repair

applications.
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Fig. 1 Welding torch 3D model of tubular coaxial powder-feeding
TIG cladding
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Fig. 2 Annular coaxial powder-feeding structure. (a) schematic of
structure; (b) external annulus; (¢) powder-feeding part; (d)

annular narrow slit
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Fig. 3 Curve of specific heat capacity of argon with temperature
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Fig. 4 Curve of thermal conductivity of argon with temperature
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Fig. 5 Simulation model and mesh generation of tubular coaxial

powder-feeding. (a) simulation model; (b) meshing
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Fig. 6 Simulation result of temperature field and flow field; (a)

temperature field; (b) flow filed
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Fig. 7 Simulation result of particle trajectory. (a) 0 s; (b) 2 s; (c)
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Fig. 8 Simulation model and meshing of annular coaxial powder-

feeding. (a) simulation model; (b) meshing
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Fig. 9 Simulation result of temperature field
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Fig. 10 Simulation result of flow field. (a) cloud map of velocity

and pressure; (b) variation trends of velocity and pressure
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