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Simulation of ultra-high speed laser cladding
head powder flow by unsteady tracking
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Abstract : Ultra-high-speed laser cladding technology replaces chromium plating, which can solve the industrial appli-
cation problem of heavy metal pollution caused by chromium ion (Cr®*) in chromium plating process. Hard chromium
plating on the surface of metal workpiece is a combination of corrosion resistance protection and decoration, which has
a great application prospect. The research and development of ultra-high speed laser cladding technology in China
mainly focuses on equipment integration and process experiment research,but lacks the simulation model of cladding
process. In this paper,the ultra-high speed laser cladding ring cladding head is taken as the research object,and a
CFD simulation model based on unsteady particle tracking technology is established by using FLUENT, and a flow
field model of laser cladding powder for ring cladding head is developed. The ultra-high speed laser cladding process is
tested and analyzed. The theoretical model of the process is established. Through simulation results, it is found that
powder spots with a radius of 0. 8 mm can be formed by ultra-high speed laser cladding ring cladding head, and the
powder concentration is the highest in the space of 15 ~19 mm below the cladding head. The feasibility of the model is
verified by experimental comparison.
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Fig. 2 Modeling of laser head and quarter computing domain
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Fig. 3 Grid division of annular cladding by

ultrahigh speed laser cladding
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Tab. 1 Material parameter table used in the model

Material properties Value Unit
Normal temperature density p, 7950 kg + m®
Specific heat capacity c, 470 J-kg™' oK'
Thermal conductivity & 13.4 W - mK ™!
Latent heat of phase change L, 2.6 x10° Jkg!
Melting point 7', 1723.0 K

Laser absorptivity ¢ 0.5 -

Wall rebound coefficient 0.9 -
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Fig. 4 Velocity streamline diagram of cladding head
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Fig. 6 Spatial concentration distribution of powder in

ultra-high speed laser cladding ring cladding head
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