


Mathematical Modelling of Weld Phenomena 13 

128 
 

Framatome has developed numerical tools. Originally, numerical simulation of welding 
techniques focused on Thermo-Mechanical-Metallurgical (TMM) studies to predict the 
distortions and residual stresses of the manufactured assembly. Although the power of 
computational tools has considerably increased during last decades, assumptions are made 
to simplify the global physical model and thus reduce computational times. Since 2013, 
Framatome has been developing predictive tools for numerical simulation. These 
multiphysics models are based on the process parameters (electric current intensity, arc 
height, shielding gas flow) to simulate a welding operation. The development of these 
models enables to study the influence of the process parameters on the physical quantities 
relevant to TIG (Tungsten Inert Gas) (weld pool, electric arc, detachment of the drop from 
the filler wire or other), to have a better understanding of the phenomenon involved in 
welding. 

Before developing the different aspects of the model, the physics of arc welding 
processes is explained in a first section. The numerous physical phenomena involved are 
described, with particular emphasis on the magnetothermo-hydraulic ones. Then, the 
results from a simplified model of the pulsed TIG welding process with filler metal in a 
narrow groove, known as Orbital Narrow Gap GTA (Gas Tungsten Arc) welding, are 
presented in a second section. The model studied here is considered as simplified because 
the filler metal is not directly modelled but only included in a source term. 

MATHEMATICAL FORMULA TION AND GOVERNING EQUATIONS 

The mathematical description made in this section focuses on the modelling of the melt 
pool. The plasma, the tungsten electrode used for TIG welding and the filler wire 
integrating the detachment of the drop are not modelled. 

The main purpose of this section is to describe the physical phenomena (Fgi. 1) in a 
mathematical form, essential to implement the code defining the numerical model. The 
calculation code used in this study is the COMSOL Multiphysics® software (version 5.6). 
As a reminder, the physics explained here is related to electromagnetism, heat transfer 
and fluid mechanics. The ALE method (Arbitary Lagrangian Eulerian) is used to describe 
the free surface. 
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RESULTS AND DISCUSSION 

EXPERIMENTAL VALIDATION  

The development of the model is based on the TG4 model of the NeT network (Neutron 
Techniques Standardization for Structural Integrity) [6]. The material used is 316L 
stainless steel. The geometry of the TG4 groove as well as its dimensions are shown in 
Fig. . To reduce the duration of the calculation, a local adaptation of the mesh is 
performed (limiting the number of elements) and only the thermal equations are solved on 
the totality of the geometry. Consequently, fluid mechanics and electromagnetism are 
treated in a restricted domain encompassing the melt pool and slightly larger than its size. 
It is in this domain that the mesh is refined. Moreover, the model being symmetrical with 
respect to the plane (xz), only half of the geometry is modelled (Fig. 2).  

Table 1 Welding parameters used for TG4 groove [6] 

Intensity Voltage Travel speed Wire feed speed Wire diameter 

220 A 10 V  76.2 mm/min      29.67 mm/s       0.9 mm 

The welding parameters used to fill the TG4 groove are presented in Table 1 [6] and are 
used in the numerical model. As the model does not consider the cycles of variation of the 
wire feed speed, the average value of this wire speed is chosen for the simulation. 

 

Fig. 2 Experimental and numerical geometries of the TG4 mock-up groove [6] 

The results presented below focus on the behaviour of the melt pool. First, one can 
observe in Fig. 3 the thermal field as well as the shape of the weld pool, highlighted by 
the purple curve formed by the Iso-value corresponding to the melting temperature (fixed 
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at 1700 K). Then in Fig. 4 are represented the velocity field and vectors of the fluid flow 
within the melt pool.  

 

Fig. 3 Temperature field (in K) in the melt pool of the first bead 

 

Fig. 4 Velocity field and vectors (in m.s-1) of the fluid flow in the melt pool of the first bead 

To estimate the validity of the model, comparisons between numerical and 
experimental results are made. More specifically, are compared: 

- Macrographs; 
- The thermal evolution obtained by thermocouples. 

Fig. 5 shows a good agreement between the melted zones obtained experimentally in 
the case of the TG4 study (surface in the centre of the figure in light grey) and the melted 
zones generated by numerical simulation (represented by the purple outline). 


















