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A multi-scale approach is adopted to optimize calculation times. A 
2D axisymmetric model is used to solve the electromagnetic 
equations. These results are synchronously integrated into a 3D heat 
transfer and fluid flow model, allowing electromagnetic effects to be 
taken into account.
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The TIG pulsed process is simulated with coupling between the 
arc column and the melting pool. This model can be used, for 
example, to analyse the dynamic behavior of the melting pool. 
Some modifications of fluid-fluid interface are developed and a 
multi-scale approach is used.
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FIGURE 2. Temperature field in the arc column and metal
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The ALE (Arbitrary Lagrangian-Eulerian) moving mesh 
method is used to simulate the deformation of the melting 
pool under the effect of arc pressure and filler metal. A 
numerical artefact has been developed to optimize control 
of the moving interface in areas of high viscosity gradient.

𝐸𝑟
𝐸𝜃
𝐵𝜃
𝐵𝑧 𝟐𝑫 𝒂𝒙𝒊

→

𝐸𝑥
𝐸𝑦
𝐵𝑥
𝐵𝑦
𝐵𝑧 𝟑𝑫

Gas

Metal
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FIGURE 4. Schematic representation of multi-scale resolution

- Experimental validation of the 2D axisymmetric model from the
entire characterized material parameters

- Progress of 3D model development

- Integration of particle tracing and transport equation to
understand the formation of defects

FIGURE 3. Application of stiffness to control the displacement of the gas-metal interface

FIGURE 5. Numerical and experimental comparison of the weld in TIG spot 
configuration

With 𝑭𝒔𝒐𝒍𝒊𝒅 𝒊𝒏𝒕𝒆𝒓𝒇𝒂𝒄𝒆; an added stiffness to control « solid interface »
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this leads to a change of the melted zone.
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FIGURE 1. Simulation of TIG process with filler metal

- 𝑧𝑠𝑜𝑙𝑖𝑑

𝑧

𝑣 = 0.7 𝑚/𝑠
𝑇 = 2300 𝐾




