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Research status of numerical simulation of TIG arc additive molten pool behavior
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Abstract: TIG ( Gas tungsten arc welding) arc additive manufacturing has become a hot spot in manufacturing industry because of its high
material utilization and good forming effect. From the point of view of numerical simulation, this paper summarizes the important results of
TIG three aspects: droplet transition, thermal accumulation and molten pool behavior. The forming process parameters determine the
droplet transition form and frequency, while the droplet transition form and transition frequency directly affect the forming quality of the
deposition layer. The thermal accumulation affects the microstructure and stress of the forming parts, which can be reduced by controlling
the interlayer cooling time. The gaussian heat source and the double ellipsoidal heat source model are selected for the numerical simulation
of the TIG additive pool. Based on the above analysis and research of TIG arc additive manufacturing, the future research direction of the
TIG arc additive manufacturing is prospected: one is to establish the physical coupling model of molten drop and molten pool, and the

other is to improve the arc heat source model.
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Fig.1 Droplet transition process at different wire feeding speeds

(a) 35 mm/s; (b) 45 mm/s(the protective gas flow rate is 5 L/min and the wire feeding angle is 45°)
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Fig.2 Droplet transition simulation diagram of rotating arc TIG wire filling welding'*' (a) simulation diagram of droplet transition

in rotating arc TIG wire filling welding(U=17 V) ; (b) simulation diagram of droplet transition in rotating arc

TIG wire filling welding( /=175 A)
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Fig.3 Simulation diagram of steady-state molten pool ™ IR T 28O A 0 1 I, R —

(welding current of 150 A welding speed of 15 ¢m/min and

wire feeding speed of 100 em/min)
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Fig.4 Simulation diagram of temperature field evolution
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(a) evolution process of temperature field at the middle point of the forming path of the 10th layer;

(b) evolution process of temperature field at the middle point of the forming path of the 20th layer
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Fig.5 The temperature field evolution of the deposition process of the second additive layer ™’

(a) the temperature field at 10 s; (b) the temperature field at 30 s; (c¢) the temperature field at 50 s
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Fig.6  Coupling calculation results of the temperature field and the velocity field in the X direction of the deposited layer surface &

(a) surface temperature distribution of deposited layer; (b) velocity distribution in the X direction of the X7 plane
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