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Fig. 1. Schematic diagram of deposited layer model: (a) Planar substrate; (b) single-pass bead; (c) single-

pass two layers bead; (d) overlapping weld bead.
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Table 1. Boundary conditions.
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Fig. 2. Section of planar substrate deposition model.
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Table 2. Mild steel and other physical properties.

ZH 5 {8 (%)
R p 7200 (kg-m—3)
B p 700 (J-kg= 1K)
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FRAT RN B 0.4
iR o 7.7 x 10° (S'm~1)
X R AL heonv 100 (W-m—2.K—1)
B BE Tomb 300 (K)
5% 10 1.26 x 1076 (H-m~1)
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Fig. 3. Thermophysical properties of argon: (a) Density; (b) specific heat; (c) thermal conductivity; (d)

viscosity; (e) electrical conductivity; (f) net radiative emission coefficient.
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Fig. 4. (color online) Distribution of the temperature field at Y'Z section: (a) Planar substrate; (b) single-
pass bead; (c) single-pass two layers bead; (d) overlapping weld bead.
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Fig. 5. Comparison of distribution of isotherm between experiment and simulation (unit: K).

K6 DUFEOLT I RITESR

5 mm

() PN (b) FIEHBL (o) HIEPRKERG () HBkEH

Fig. 6. Arc morphology: (a) Planar substrate; (b) single-pass bead; (c) single-pass two layers bead; (d) over-
lapping weld bead.
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Fig. 7. Distribution of the velocity field at Y Z section:
(a) Planar substrate; (b) single-pass bead; (c) single-
pass two layers bead; (d) overlapping weld bead.
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Abstract

The stacking deposition and the overlapping deposition are usually employed in arc based additive forming process,
which will result in different surface topographies of deposited layer. Consequently, the shape and state, heat and mass
transfer of electric arc will be affected by the surface topography of deposited layer. A three-dimensional numerical
model of electric arc based on magnetic fluid dynamics, local thermodynamic equilibrium and optical thin assumption
for arc based additive forming process with pure argon shielding gas is presented. Simultaneously, four kinds of deposited
layer model with different surface topographies are established, which are the deposited layer model of planar substrate,
namely the substrate without weld bead, deposited layer model of single-pass single-layer, deposited layer model of
single-pass two-layers, and deposited layer model of overlapping. The numerical calculation is performed on condition
that deposition current and the distance between the electrodes are constant. And the simulation results include the
profile of electric arc, corresponding temperature field, flow field, current density, electromagnetic force, and the arc
pressure distribution. The temperature field of planar substrate accords well with other researcher’s experimental result,
and the profiles of electric arc are in good agreement with images captured by high-speed camera. Surface topography
of deposited layer plays a decisive role in determining the profile of electric arc under the same process conditions. The
comparison of evolvement among the distributions on specified paths shows that the electric arc of planar substrate
has higher temperature, velocity, current density and pressure in the arc center, arising from completely symmetrical
deposition layer model and smaller contact area between the arc and the substrate; the number of layers of single-pass
multi-layer deposited layer has little influence on various parameters of electric arc, but because the deposited layer
height changes, the temperature and pressure on the outside of deposited layer have small deviation; asymmetric arc
profile will form when the overlapping deposition is performed. There is a relatively low temperature in the arc center,
resulting from larger contact area between the arc and the surface of deposited layer. In addition, the distributions of
current density, electromagnetic force and pressure deflect to the deposited layer. The above conclusions can provide
a theoretical basis for basic research and process decision of arc based additive forming, and it can also provide the

parameters for the subsequent weld pool dynamics and metal transfer simulation.
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