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Experimental Research on Laser Direct Sintering of Metal Parts

ZHOU Jian-zhong, GUO Hua-feng, XU Da-peng, JI Xia
(School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract This paper analyses the mechanism of dynamical condensation of the laser molten pool and balling effect.
Direct metal laser sintering process was used to carry out series of sintering experiments of Fe powder and Ni45 alloy
powder. The result indicated that it was easy to appear warpage deformation and balling effect during direct sintering
metal powder, and the formation quality of the parts was bad, though getting multi-layers sintered part by adjust
process parameters, the density was low. But by using appropriate process parameters, much densification sintered
parts by sintering small grain size Ni45 alloy powder can be obtained, its microstructure was fine and uniform,

surface smooth and bonding firmly with substrate.
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Fig. 1 Schematic of the moving laser molten pool
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Fig. 2 Schematic of balling effect. (a) stable diagram liquid
phase wet solid phase; (b) schematic of balling effect
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Fig. 3 First line scan balling of Fe powder sintering
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Table 1 Processing parameter combination and sintering quantity appreciation of Fe powder sintering

Group Laser scanning Spot Scanning . .
. . Forming quantity
number power /W rate /(m/min) diameter /mm space /mm
Sintered layer has lots of gully and crack , sintered part appears
1 180 1 0.4 0.2 7 e part app
warption and distortion
2 230 1.5 0.4 0.2 Sintered layer has lots of cracks
Sintered part bonded well with substrate ,but surface quantity
3 230 3 0.4 0.2 .
is poor
Appearing lots of cracks which direction are perpendicular
4 230 6 0.4 0.2 e o
scanning direction, sintered part appears lamination
5 230 6 bonding quantity is poor,sintered layer sloughs off
6 330 3 bonding quantity poor,sintered layer sloughs off from substrate
7 330 6 0.4 0.2 Sintered part has lots of pore, bonding quantity is poor
Sintered track cannot bond nearly , the whole sintered layer
8 330 6 0.4 0.3 _
appears reticular
9 535 1 0.4 0.2 Power density oversize, sintered part has lots of pore
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Fig. 4 Effect on powder sintering formability of laser power
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Laser power P /W 900
Scanning rate v /(mm/min) 1200
Spot diameter ¢ /mm 0.9
Scanning space d /mm 0.45
Powder thickness 2 /mm 0.15
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Fig.5 Two-layer sintered part
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Fig. 6 Cross-section microstructure
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Fig. 8 Micro-morphology of two-layer sintered part
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