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Abstract. The paper describes the numerical model developed to predict the thermo-mechanical behaviour during 

welding process. FEM combined with an efficient mesh refinement technique accurately predicts the Heat Affected 

Zone and therefore mechanical distortions or residual constraints in the assembly. Thanks to a level-set method, the 

weld’s shape is no longer considered as an input but becomes a result. Likewise, potential air gap between assembled 

parts is considered. Recent applications are reviewed and future developments are discussed.  

1 Introduction  

Numerical modelling plays a major and increasing role in 

controlling welded assembly characteristics. The 

challenge is therefore being able to:  

• predict the geometry of the welded assembly, including 

weld bead shape, 
• report as accurate as possible, thermal and mechanical 

evolutions in the weld bead and in the part during 

process, 

• predict the final mechanical properties of the assembly 

(mechanical distortions or residual stresses). 

Given those objectives, Transvalor and CEMEF have 

developed a three-dimensional finite element model for 

arc welding processes, named TRANSWELD®. It is 

based on coupled solutions of heat transfer, and 

mechanics. Since the thermal-mechanical model is not 

presented here, one can refer to the reference [1] for a 

fully description. But, it can be noticed that all properties 
are temperature-dependent and mechanical model handles 

elasto-viscoplastic, viscoplastic and Newtonian 

behaviours respectively for solid, mushy and liquid 

elements.  

 The present paper focuses on two issues, often 

considered as critical for the finite element simulation of 

welding processes, namely: 

• modelling of material deposit, 

• mesh refinement technique.  

2 Modelling of material deposit  

Two classic methods are usually mentioned in the 

literature: the "quiet element" method and the "inactive 

element" or "element birth" method [2]. The metal supply 

is modelled by gradual activation of the finite elements 

that constitute the weld bead. Therefore, two major 

drawbacks appear: 

 • geometry of the weld bead must be defined a priori and 

consequently is not a result of the simulation, 

• simulation setup is rather painful and time consuming, 
since each deposit layer must be defined via a set of finite 

elements. 

 In this paper, an alternative approach is presented in 

which the material deposit is modelled in a more physical 

way and with a quite simple simulation setup. During arc 

welding process, droplets of filler material arising from 

the fusion of the electrode fall down into the weld pool 

after a flight through the electric arc. Partial and 
progressive solidification of weld pool gives birth to the 

weld bead. Consequently, the material supply may be 

modelled by a source term in the mass conservation 

equation, for a set of finite elements located in the fusion 

zone. For this purpose, a virtual cone is attached to the 

electrode tip and moves with it (Figure 1).  

 
Figure 1. Schematics for modelling of material deposit 

An additional source term is then taken into account 
for each element K, which is in a liquid state and located 

in this cone (named    , hatched area on the figure). 

Element contribution to the weak form of mass 

conservation is expressed by:  
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and, 

                             ̅̇     ∑           (2) 

where v denotes the velocity,  the density, p* a test-

function and  ̅̇ is the additional term standing for average 

volumetric change rate (s-1), Q (m3/s) being the effective 

flowrate of filler material and    
 the volume of element 

K belonging to     . 
The bulging of elements induces an evolution of the 

weld pool surface, which is nothing else but the weld 

bead shape, after complete solidification. The metal/air 
interface is tracked using a level-set method, described 

hereafter. 

3 Level-set method for tracking the 
air/metal interface 

The thermal-mechanical problem is solved on an 

extended domain, including a region in which the weld 

bead is supposed to form. This domain extension must be 

neither too large (in order to limit the mesh size), neither 

too restricted (since it must contain the whole weld bead). 

At any time of the process, the air/metal interface is 

identified thanks to the definition of a level set function, 

 corresponding to the signed distance of any point M to 

this interface [3]. Therefore, all material properties have 
to be averaged using a smoothed Heaviside function (for 

instance) in a transition zone around the interface define 

by  equal 0 (Figure 2). Values of material properties 
outside the transition zone correspond to the values in 

either air or metal. They continuously evolve only in 

transition zone as a function of the signed distance to the 

interface . The level-set method is an Eulerian based 
technique (fixed mesh) and therefore enables to 

overcome numerical and modelling difficulties due to 

contacts between material filler and parent metal. 

 

 
Figure 2. Air/metal interface (=0) and transition zone around 

4 Mesh refinement technique 

During welding process, huge thermal gradients are 

generated. In order to accurately calculate thermal field 

and consequently mechanical behaviour, mesh must be 

adapt: fine in large gradient areas (including air/metal 

front) and quite coarse elsewhere. An anisotropic edge-
based mesh adaptation is used [4]. It is based on a a 

posteriori error estimate with fixed number of nodes. It 

enables dynamic and anisotropic mesh adaptation and 

handles multi-criteria adaptation. 

 

5 Numerical results  

Figure 3 consists of illustrating outstanding output of the 

mesh refinement technique while a levelset based 

criterion was used.  

 

Figure 3. (a) Initial mesh, the cylindrical part represents the 
region where a weld bead will form; (b) Mesh obtained after 
two iterations of refinement technique; (c) Zoom around the 
cylindrical part before mesh adaptation; (d) Zoom in the same 
region but after remeshing operations. 

As shown in Figure 4, a simulation was carried out in 

order to weld two separate 18m5 steel plates (200mm x 

10.5mm x 2.5mm). The assembly gap between parts is 

about 0,1mm. Welding energy is about 2kW, while filler 
material effective flow rate is about 10-8m3s-1. As material 

deposit occurs, the gap between the plates first increase 

(due to thermal dilatation) and then decrease 

continuously. One can observe a high level of stress 

along weld bead.  

 
 

Figure 4. Welding of two plates with assembly gap. von Mises 
constraints (Pa) are shown. 

Figure 5 illustrates 18m5 steel L-shape welding. 

Welding process parameters are those of the previous 

example. As weld bead forms (right part), due to huge 
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thermal gradients, part suffers from mechanical stress. At 

the end, some distortions can be observed.  

 
Figure 5. Magnified view of assembly distortions at the end of 
welding process. Representation of von Mises constraints (Pa) 
 

Figure 6 illustrates first layer deposit in a 18m5 steel 

chamber.  
 

 

Figure 6. Layer deposit in a chamber. Initial chamber (left), 
and chamber while material deposit occurs (right). Levelset  
isovolume is shown (positive values). 

5 Conclusion and forecast 

Key features for modelling of welding process have been 

presented and are available in TRANSWELD®. This 

software is fully predictive for welding simulation. Some 

numerical results have been reviewed. Comparisons with 

experimental measurements will be carried out in a near 

future in collaboration with industrial partners. 

Furthermore, a model for the grain structure development 
will be available in TRANSWELD® by the end of the 

year.  

References 

1. O. Desmaison, PhD thesis, Mines ParisTech (2013) 

2. L.E. Lindgren, H. Runnemalm, M. Nasstrom, Int. J. 

Num. Methods Eng. 44, 1301-1316 (1999) 

3. S. Osher, J.A. Sethian, J. Comput. Phys. 79, 12-49 

(1988) 

4. F. Cremonesi, M. Khalloufi, F. Cauneau, L. Bovet, 
Y. Mesri, E. Hachem, Int. J. Num Methods in Fluid, 

(to be published). 


