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Numerical simulation of the effect of laser power on heat
transport in laser cladding

ZENG Ling-lan' ,REN Song”, LEI Chao-jiao’
(1. Department of Mechatronics and Urban Construction, Guizhou Agricultural Vocational College , Guiyang 551400, China;
2. School of Mechanical Engineering, Guizhou University , Guiyang 550025 , China)

Abstract : Laser cladding is favored in the fields of parts repair and coating preparation due to its significant advanta-
ges. The quality of laser cladding is affected by a number of process parameters,among which the laser power deter-
mines the heat input of the molten pool and directly affects the heat transport. In order to explore the influence of laser
power on heat transport ,a three-dimensional heat transport model of laser cladding is established , and the reliability of
the model is experimentally verified, and the grid independence of the model is analytically demonstrated. The results
show that under different laser powers,the time required for the molten pool to reach dynamic equilibrium is consist-
ent,and the trend of temperature change in the molten pool is approximately the same. The peak temperature rises with
the increase of laser power,and the peak temperature at 600 W is about 11 % and 22 % lower than that at 700 W and
800 W ,respectively. The molten pool under the three powers has an annular flow mode from the inside to the outside,
and the velocity of liquid metal increases with the increase of laser power.
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Fig. 1 Numerical model region division and grid division
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Tab. 1 Parameter values of the numerical model

Physical parameter Value Unit
Room temperature 7' 293. 15 K
Liquid thermal conductivity &y, 36 Wem-' - -K-!
Liquid Specific heat ¢, 824 J-kg-K™!
Liquidus temperature Ty;, 1673 K
Liquid density py;, 6893 kg - m™3
Solid thermal conductivity &, 25 W-em' - -K!
Solid Specific heat ¢, 604 J+kg-K™!
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5.67x1078% |[W-m™2-K™*

Stefan-Boltzmann constant o

Emissivity & 0.7 1

Thermal expansion coefficients a., |5.85 x 10 -3 K-!

Dynamic viscosity u 6x1073 kg - m-! g7t

Latent heat of fusion L 2.5%x10° J- kg_l
Convective heat transfer coefficient h,, 80 W-em=2.K!
Laser absorptivity n 0.38 1
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Tab. 2 Process parameters of the thermal

transfer model

process parameter Value Unit
Laser power P 0.6,0.7,0.8 kW
Scanning speed v 600 mm - min !
Powder feeding rate m, 10.2 g - min~!
Powder beam radius R, 4 mm
Equivalent radius of laser beam r; 1.2 mm
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morphology of cladding channel
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Fig. 5 Temperature distribution on trajectory 1 under different grids
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under three kinds of power
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