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Evolution of Molten Pool Shape in the Process of Laser Rapid Forming

CHEN Jing, TAN Hua, YANG Hai-ou, LIU Zhen-xia, HUANG Wei-dong

(State Key Laboratory of Solidification Processing , Northwestern Polytechnical University, Xi’an, Shaanxi 710072, China)

Abstract The high-speed photography has been employed to realize in situ observation on the formation and
evolution of the molten pool in the process of laser rapid forming. The results show that the substrate begins to melt
and produce a liquid molten pool with the laser beam scanning on it. After a rather short time (about 1.0 s) the
molten pool depth increases to a certain value while the molten pool length fluctuates surrounding an invariableness
figure. The depth and width of the molten pool decrease gradually with a constant flow rate powder being fed into
the molten pool. And the lifespan of the molten pool turns to be short. Simultaneously the tail of the molten pool
runs up that means the thickness of the cladding layer increases continuously with the powder ejecting into the
molten pool. The angle between the normal of the free surface of the molten pool and the laser beam axis increases
from a few degrees to 20~30 degree. There is an “island heave” emerging and vanishing seasonally at the tail of the
molten pool free surface by in situ observation. This is the result of forced convection on the fused liquid of the
molten pool induced by surface tension gradient, which has been proved by numerical simulation.

Key words laser technique; molten pool shape; high-speed photography; free surface; laser rapid forming; fused
liquid evolution
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Table 1 High-speed photography specification

Frame Shutter Record Shooting
rate /(frame/s)  speed /s medium time /s
300 1/1500 10 mm film 10
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Fig.1 Formation of the quasi-steady state molten pool

(f) =205

during the laser surface melting process
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Fig. 2 Representative molten pool in the process
of laser surface melting
(a) original image; (b) image being trimmed;

(¢) fit result of molten pool surface
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Fig. 3 Evolvement of the molten pool shape during

the laser surface melting process
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Fig. 4 Fused liquid evolution velocity vector map of the

longitudinal section of the molten pool
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Fig. 5 Influence of the continuous feeding powder jet

on the molten pool shape
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Table 2 Influence of the powder jet on characteristic parameters of the molten pool

Type of molten pool L, /mm W, /mm D, /mm H, /mm o /mm™" ¥/ bmax /S
Laser surface melting 4,63 3.9 0. 83 — 0. 063 1.47 0.926
Laser cladding 4,16 3.6 1.30 0.05 0. 030 25.24 0. 832
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