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Influence of thermal behavior on microstructure evolution of TIG arc

additive manufacture for 316L stainless steel
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Abstract The single-pass multi-layer components were prepared by TIG arc additive manufacture method using 316L stainless steel wire
with diameter of 1.0 mm as the filler materials. The results show that the top microstructure of the monolayer deposited layer in the heat
accumulated non-equilibrium state is mostly skeleton-like dendrites and equiaxed grains, and the bottom is mostly short dendrites. The top
microstructure of the monolayer deposited layer in the heat accumulated equilibrium state is mostly dendrites and equiaxed grains, and the
bottom microstructure is mainly short dendrites, with a small amount of long dendrites. Under the repeated heat of the arc plasma, the
microstructure of the monolayer deposit layer evolves, thus forming the final component structure. In the process of microstructure evolution
in the heat accumulation non-equilibrium state, the degree of super-cooling changes during solidification due to the increase of heat
accumulation, the microstructure of the bottom layer is gradually changed from skeleton-like ferrite to dendrite, while in the heat
accumulation equilibrium state, the microstructure is changed from dendrite to lath ferrite.

Keywords: TIG additional manufacture stainless steel microstructure
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Fig.1  Additive experimental system
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Table | Process parameters of TIG stainless steel component

No Welding rate/  Wire feed rate/ Welding Cooling
' (mm/min) (mm/min) current/A time/s
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Fig.2 Experimental approaches
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Table 2 Composition analysis of the 316L stainless steel

wire (mass fraction, %)

C Cr Ni Mn p S Mo Si Fe
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Fig.3 Microstructure of single layer (&) top microstructure (b) middle microstructure

(c) bottom microstructure; (d) single layer weld diagram
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Fig.4 Top layer microstructure of three-layer (a) top microstructure of top layer

(b) bottom microstructure of top layer (c) three-layer weld diagram
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Fig.5 Top layer microstructure of four-layer (a) top microstructure of top layer

(b) bottom microstructure of top layer (c) four-layer weld diagram
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Fig.6 Top layer microstructure of five-layer (a) top microstructure of top layer

(b) bottom microstructure of top layer (c) five-layer weld diagram
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Fig.7 Top layer microstructure of ten-layer

(a) top microstructure of top layer

(b) bottom microstructure of top layer (c) ten-layer weld diagram
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Fig.9 Microstructure of bottom layer which near the matrix with different additive layers

(a) single (b) double (c) three (d) four (e) five
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