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Table 1 Parameters of the LSF process for TC4 alloy

Number Laser power/W  Overlap rate/% Vibration
of samples (Yes/No)
No.1 1000 50 No
No.2 1200 50 No
No.3 1500 50 No
No.4 1500 30 No
No.5 1500 40 No
No.6 1500 30 Yes
No.7 1500 40 Yes
No.8 1500 50 Yes
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Fig.1 Hilbert fractal scanning pattern
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Fig.2 Forming features of fractal scanning pattern: (a) overall

morphology and (b) local morphology
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Fig.3 Height of sediment layer with the location change
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Fig.4 Surface morphology with different laser powers: (a) P=1.0 kW, (b) P=1.2 kW, and (c) P=1.5 kW
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Fig.5 Variation of number of holes with different laser powers
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Fig.6 Surface morphology change with different overlapping rates: (a) 30%, (b) 40%, and (c¢) 50%
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Fig.8 Effects of semi-spot vibration on fusion defects: (a) with vibration, (b) without vibration, and surface morphology,

(c¢) with vibration, and (d) without vibration
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Research on Laser Solid Forming of TC4 Alloy Based on Fractal Scanning

Ma Liang, Huang Weidong, Xu Xiaojing
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The application of fractal scanning pattern in laser solid forming (LSF) of TC4 alloy was investigated through experiments. The
forming characteristics of the fractal scanning path were discussed and the influence of process parameters (laser power, overlap rate etc)
on the forming quality of TC4 alloy was studied. A method of eliminating the formation defects under fractal scanning pattern was
proposed. Study shows that under fractal scanning pattern, the main defects of TC4 alloy formed by the LSF process are ill bonding and
porosity, because the height of deposition at the corner of the fractal path is larger than that under linear scanning pattern resulting in the
concave on the formation surface. The defects including ill bonding and porosity are relieved to some extent with the increase of the laser
power and overlap rate, but still obvious. According to the obtained conclusion and formation characteristics of fractal scanning pattern, a
“semi-spot vibration” strategy is proposed. The strategy means that the beginning scanning position of each layer offset by half a laser spot
along x and y direction to make the concave; therefore the convex formed by two adjacent deposition layers respectively overlap each
other and thus the deterioration of surface quality is restricted effectively.
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