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Fig. 1 Laser wire melting deposition head. (a) Device; (b) principle diagram
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Table 1 Chemical element component of 304 stainless steel
unit: %
Element C Si Mn Cr P Ni S Fe
Substrate 0.05 0.40 1.12 18.13 0.026 8.20 0.030 Balance

Wire  0.01 0.52 1.90 18.46 0.015 8.57 0.007 Balance
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Fig. 2 Hollow annular laser beam. (a) Three-dimensional model diagram; (b) diagram of negative defocus light path
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Fig. 3 Diagram of energy distribution model. (a) Three-dimensional model; (b) contour cross section and scanning diagram
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Fig. 4 Diagrams of laser irradiation. (a) Three-dimensional model; (b) irradiation without wire; (c) irradiation with wire
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Fig. 5

Mathematical model of irradiation situation. (a) Three-dimensional model of irradiation situation; (b) simplified diagram of

irradiation model
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Table 2 Deposition process parameters

Parameter Value

Power P /W 3800
Feeding speed V,, /(mm-s™") 26
Scanning speed Vg / 5

(mm-s ")

Defocus amount F /mm 0, —1, —2, —3, —4, —5

#3 WOLHIEESH

Table 3 Main parameters of laser

Parameter Value
Rated output power /W 6000
Center wavelength /nm 1080+5
Photoelectric conversion efficiency /% =35
Output fiber diameter /pm 100
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Table 4 Geometric parameters of deposited tracks and their

cross sections

Width ) Dilution
Image Height Depth /
W/ rate /
(Pg) H /mm mm
mm %

Fig. 9(a) (36%) 8.20 1.82 4.50 1.00  34.2
Fig. 9(b) (50%) 7.84 2.02 3.88 0.94  31.4
Fig. 9(c) (58%) 7.02  2.16 3.25 0.82  24.2
Fig. 9(d) (65%) 8.00 1.64 4.87 1.52  38.2
Fig. 9(e) (70%) 8.24  2.32 3.55 1.60  30.4
Fig. 9(f) (73%) 8.42  2.48 3.39 1.84  40.9
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Influence of Substrate Irradiation Proportion on Stability of Laser Coaxial

Wire-Melting Deposition
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Abstract

Objective

Laser wire-melting deposition is a directed energy deposition technology that uses the laser as a heat source to

melt the wire materials. During the wire feeding and melting processes, the annular laser beam is blocked and separated by

0414003-9
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the central wire material. As a result, only part of the beam is irradiated onto the substrate. Therefore, research needs to

be conducted to investigate the influences of the beam irradiation proportions of the wire and the substrate on the stability of
laser coaxial wire-melting deposition. The mechanisms and effects of two different transition processes in wire-melting
deposition, namely, "droplet" transition and "bead" transition, are analyzed and explained through the relationship between

the laser irradiation proportions of the wire and the substrate.

Methods To study and analyze the mechanism and effect of the laser coaxial wire-melting process, this paper explored
the influence of the proportion of the laser energy absorbed by the substrate with a self-developed inside-laser coaxial wire-
feeding processing head. The mechanism of the melting transition process was analyzed with a high-speed camera at
500 frame/s. In addition, the deposition process and the relationship between the dynamic process and the experimental
parameters in the wire-melting deposition technology were studied by mathematical model calculation and experiment

verification.

Results and Discussions By geometric beam conversion, this paper obtained a mathematical model of the energy
intensity of the annular laser beam in the negative defocus region (Fig. 3). Laser irradiation (Fig. 4) and the mathematical
model of irradiation situation (Fig. 5) were illustrated. The substrate irradiation proportion was defined and calculated.
The energy distribution (Fig. 6) in the irradiated area was obtained by combining the mathematical model and the shape
form. Two types of transition processes in wire-melting deposition were photographed by a high-speed camera, and the

irradiation proportion curves (Fig. 8) were drawn to characterize the stability condition of wire-melting deposition.

Conclusions  According to the laser melting deposition experiment using the coaxial wire feeding technology, the
substrate irradiation proportion, which is between 36% and 73% , increases as the defocusing amount increases. The wire-
melting deposition process is closely related to the substrate irradiation proportion. Specifically, a small proportion will
cause the "droplet" transition behavior that is in a critical state between stability and instability. The surface morphology of
the melting track is discontinuous and droplet-like, and the intervals among the droplets increase as the proportion
decreases. In contrast, a large proportion will lead to the "bead" transition behavior that is in a relatively stable state during
the whole wire-melting process. The aspect ratio of the melting track is between 3. 39 to 4. 87. In the following laser wire-
melting deposition experiment, a better melting track shape is achieved when the laser power is 3700 W, the wire-feeding
speed is 25 mm-s ™', the scanning speed is 3 mm+s~ ', and the defocusing amount is 4.5 mm. In this case, the substrate

irradiation proportion is 71. 8%.

Key words laser optics; laser melting deposition; inside-laser coaxial wire feeding; substrate irradiation proportion;

process stability; high-speed photography
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