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Thermal balance and process stability analysis of aluminum

alloy MIG arc additive manufacturing

BAO Xulei', HAN Yongquan', HAN Fubiao’, DU Maohua'

(1.School of Materials Science and Engineering , Inner Mongolia University of Technology , Hohhot 010051, China; 2.Institute of
Water Conservancy in Pastoral Area,China Research Institute of Water Resources and Hydropower, Hohhot 010020, China)

Abstract Al-Mg alloy was formed using MIG arc additive manufacturing. High-speed imaging was simultaneously captured, and
current/voltage signals were collected to compare the evolution of droplet transter behavior under different current conditions and
to explain its influence mechanism on the cladding formation process. Thermal cycle data from multi-layer cladding under
various current parameters were obtained. Based on the equivalent heat dissipation power, a heat transter model was constructed
to calculate the corresponding equivalent heat dissipation power, thereby revealing the key influencing factors of molten pool
instability. The results indicate that when the forming current exceeds 140 A, the droplet transfer frequency increases, and the
arc heating area expands, which i1s unfavorable for achieving a cladding layer with a smaller forming coefficient. Additionally,
the lateral force on the molten pool significantly increases. Through the calculation and experimental analysis of the equivalent
heat dissipation power, it was found that in the initial stages of cladding, due to favorable heat dissipation conditions, the
heat dissipation power for each layer changes gradually. As the number of cladding layers increases, the decrease in

equivalent

equivalent heat dissipation power becomes more pronounced, leading to significant heat accumulation and making the liquid

molten pool highly prone to instability. At a lower current of 140 A, maintaining a constant equivalent heat dissipation power
results in optimal forming quality.
Keywords MIG arc additive manufacturing ; transitional characteristics of droplet ; equivalent heat dissipation power ; thermal

stability of molten pool ; forming technique
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Fig.1 Experimental system construction
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Table 1 Composition of ER5356 aluminum alloy (mass fraction/%)

s Mg S1 Fe Mn Cu /n B Ti Al

ER5356 5.10 0.04 0.09 0.15 001 0.01 0.07 0.08 &

&2 60615nE TS (RESTE/%)

Table 2 Composition of 6061 aluminum alloy (mass fraction/%)

s Mg Si Fe Mn  Cu  Zn Cr Ti Al

6061 1.0 06 05 011 024 01 0.1 0035 4
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Fig.2 Schematic diagram of contour extraction results based on least square method
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Fig.3 Macroscopic morphology of single-layer single-track

cladding layers under various currents
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Fig.4 Droplet transition times and droplet transition ratio
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cladding layer under three different currents
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