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Impact of Hollow Ring Laser Defocused Amount on Melting Channel
Bump Defect Self Healing Effect
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Abstract “Morphology self healing effect” is an important phenomenon that may happen in the direct laser
melt forming process, which can adjust the process parameters of itself and control the multi-level melting
channel accumulation surface from a bump unstable state to a stable state in the process of accumulation. By
adopting the new process of “hollow laser, internal laser powder feeding”, adjusting the ring laser defocused
amount can effectively result in self healing effect of melting channel bump defect. The impact of laser
defocused amount on monolayer thickness accumulation is theoretically analyzed and resulted in a curved
diagram between laser defocused amount and monolayer thickness accumulation and it has been tested as
accumulate multiple thin wall samples in 304 stainless steel substrate with “fence bulge”. At the same time, the
thin wall width, microstructure and thickness have been analyzed by venire caliper, scanning electron
microscope and micro hardness instrument. The study has shown that there is a significant impact of different
laser defocused amounts on the self healing capabilities. When the defocused amount is 0~—3 mm, the surface
topography of the thin wall is undulating, and “the self healing phenomenon” has not been shown. While the
defocused amount is -3 mm~-5 mm, the thin wall undulating surface will become smooth gradually in several
levels, and the “self healing phenomenon” has been verified. The thin wall by self healing repair combines well
with the substrate metallurgy and the width slightly changing. The structure is dense and uniform, and the

hardness value from the wall top to the substrate increases slowly.
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Table 1 Chemical composition of Fe313 alloy powder (mass fraction, %)

Element C Si Cr B Fe

Content 0.1 2.5~3.5 13.0~17.0 0.5~1.5 Bal.
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Fig.1 Schematic diagram of circular laser beam cladding head Fig.2 Powder gathering rendering
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Fig.3 Experimental system diagram
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Table 2 Processing parameters

Laser Power /W Scanning speeds /(mm/s) Powder feeding rate /(g/min) Carrier gas flow /(L/min)
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Fig.4 Graph of single layer accumulation thickness
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Fig.6 (a) Cladding single channel and (b) section outline with laser defocused amount of -6 mm
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Fig.7 Schematic diagram of self-healing effect

P 8 T 7 S AN () 5 i T e A M BR S TR O RCRIE B RT o 18] 8(a) O B AR O =2 mm I i 35 AR %
n AN EG A0, IS0 MY R P R BT A BT B B 5 K] 8(b) S O B AR O 4 mm I, B HE R E BOR
Wi n B B T g R R . R I AT A T 4 i

K8 AllE s FHEEHE . (a) Z=-2 mm; (b) Z=—4 mm
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Fig.9 Accumulation morphology under different defocused amounts
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Fig.10 Macrostructure of cross section fabricated by self-healing method

11 HEFUZ SEM B ZUES . (a) 1G5 (b) 256 X (o) TS
Fig.11 SEM micrograph showing microstructure of accumulation layer. (a) Melting line; (b) accumulation zone; (c) layer top
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