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Abstract: As the efficiency of technological processes is becoming increasingly more and more important nowadays, simulation 
computations are gaining a broader usage in various sectors. By help of numerical analyses it is nowadays possible to simulate the whole 
technological welding process and to better understand, on the basis of the acquired results, how the individual input parameters affect the 
whole technological process, mainly the quality of the resulting material structure and the level of the final deformations and distortion. The 
submission presents the so called local-global approach method, which enables to deal with even complex car body parts with more welds, 
like the front rail. By applying the local-global approach method we can obtain final deformations or distortions, including the overall effect 
of the individual welds. This method is often successfully applied to predict distortions and deformations before the welding itself. 

Keywords: WELDING SIMULATIONS, DISTORTIONS, LOCAL-GLOBAL APPROACH, FRONT RAIL 

 

1. Introduction 
Automotive industry is a dynamically developing branch of 

ingeneering. On one hand, the time needed to design a new car 
model is shortening, on the other hand, demands on the quality, 
reliability and safety are getting higher. It is for this reason that 
simulation computations are used more and more often in this 
branch where they play an importnat role in designing and 
producing a new car model. By the help of simulation computations 
we can simulate all the technological processes, welding being one 
of them. Welding is a highly complex technological process, where 
the resulting quality is influenced by a series of variables.  

Due to high demands on the quality of welds there is a need for 
a bigger number of experimental check welds, which are carried out 
before the proper welding of real elements. These experiments 
make production more expensive and at the same time they are 
highly time-consuming (especially in heavy constructions). 
Consequently, numerical welding simulations find wider 
application not only in the development studios, but also during the 
production preparation phase.  

In the last few years there was a big expansion of such 
numerical analyses, which in some cases already replace 
experimental tests. We may expect that in near future numerical 
analyses will reflect the reality much better than experimental 
measurement of the individual parameters of the process. Sysweld 
programme by the ESI Group is one of the most complex 
programmes for welding simulations. It is used in a large extent 
mainly in the automotive and aircraft industry.  

2. Sysweld Programme 
On figure 1 we can see an example of the output from thermal-

metallurgical analysis. The heat source is in the middle of the 
weldment. On the detail there is a scheme of the same temperature 
field, now using boundary temperature level on the whole profile of 
the weldment[5].  

 
Fig. 1 Temperature fields graphical ilustration on the shape surface  

The mechanical analysis always comes after the thermal-
metallurgical analysis; it is not possible to carry it out without a 
previous thermal load of the scale. It makes it possible to compute a 
time curve of the individual stress tensor factors, main stress values, 
spatial stress-strain state according to the HMH theory, as well as 
the shear stress Tresca analysis. Elastic and plastic deformation 
computation of the individual components as well as of the resulting 
stress tensor is also possible. It is, inter alia, able to compute e.g. the 
stress energy density. 

Figure No. 2 shows an example of the output from a mechanical 
analysis. There are computed distortions after welding of a plate 
clamped only on three sides. In this case the maximum value of the 
distortion is 2 mm[5]. 

 
Fig. 2 Computed distortions after welding 

In case a standard SYSWELD methodology is used for solving 
simulation computations, the required mesh (i.e. fine meshing) 
leads to an excessive model size and consequently to unbearable 
prolongation of the computation time. A simplified method called 
the a local-global approach is proposed to overcome this limitation 
and to provide a solution to simulate complicated constructions. The 
size of the model is therefore not limited. Another advantage is that 
the individual welding sequences and clamping conditions can be 
further adjusted to minimize distortions. The main idea is to create a 
local model that represents only a part of the weld with its results 
(constraints and strains). This model is then projected on the global 
model depending on the trajectories (paths) of the various welds. 
The input data is then completed by the order in which the welds 
are carried out and by the clamping conditions of the structure[1,5].  

A Local-Global Approach is based on physical observations. 
High temperature and material non-linearity appear in very small 
areas around the welding joint; and plastic strains are concentrated 
around this small zone (local phenomenon). Global distortion of the 
assembly is due to local plastic strains induced by the welds; while 
the behaviour of the global structure can be considered to be elastic 
(global phenomenon). The simulation of the welding joints (residual 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 ISSN 1310-3946

YEAR XX, VOLUME 4, P.P. 30-32 (2012)30



plastic strains and stresses) can therefore be separated from the 
global computation (distortion) [1-3]. 

3. Projection Methods 
They are methods for extraction and projection from local to 

global model. In practice there are two types of projection from 
local to global model, independent of the type of a weld joint, 
whereas the effects of the welding joints are applied to the global 
model through a tensor field of plastic strains computed during the 
welding simulation for a local model. A projection method called 
extrusion can be used in case of steady state welds, where the 
results of the mechanical analysis are identical for the whole weld. 
The principle of this method is demonstrated on Figure 3. The 
results of the mechanical analysis for the local model are extracted 
and projected to the global model. The condition is that both the 
local and global mesh must be identical[2,4]. 

 
Fig. 3 Principle of extrusion method 

For geometrical reasons, a block method can by used in case of 
short joints or in case intersections appear between welds. This 
method is mainly suitable for short joints in non steady state and all 
other configurations. In this case the plastic strain distribution is not 
continuous along the welding path. The principle is that the whole 
local model together with the respective results is projected to the 
rough mesh of the global model as shown on Figure 4[3,4].  

 
Fig. 4 Principle of block method 

4. Application of Extrusion Method 
The extrusion method is well suitable for the present case, 

which is optimizing the welding sequence of the front rail with 
respect to deformations and distortions after welding. This basic and 
highly important element of the car´s body is welded of five parts 
by means of seventeen welds. Figure 5 shows its 3D model in the 
Sysweld programme as well as the individual welded parts. 

 

 
Fig. 5 3D simulation model of a front rail  

During the extrusion as well as the block method we must pay 
special attention to the creation of the local method. The reason is 
that the residual plastic strains in the welding joint strongly depend 
on the global stiffness of the assembly structure, including the 
effects of the clamping tools. That is why the quality of the global 
simulation results depends on the quality of the local model 
simulation. The user must pay a special attention to the choice of 
the local models chosen and the clamping conditions applied to the 
local models[3]. 

This is the key point for the success of the method. Twelve local 
models were necessary for the computation of the front rail.     
Figure 6 shows an extrusion method applied for one weld, i.e. the 
procedure of projecting outputs from the local to global model. In 
this case it is a fillet weld between the rail and a clamp[4]. 

   

Fig. 6 Principle of extrusion for one weld  

5. Results and Discussion 
According to the method described above all the twelve types of 

the local models were extracted into a global model. These twelve 
types were sufficient for the simulation of all the seventeen welds of 
the front rail. Several options of welding sequences, i.e. laying of 
the individual passes during welding of the final part, were 
simulated. Figure 7 shows an example of a sequence, which 
demonstrated the lowest values of final distortions out of all the 
tested cases. Figure 8 shows a computation model with the 
distribution of distortions after welding for this most suitable 
option. The highest values of distortions reach 0,433 mm. 

 

 

Welded section of the global model 

Extraction of results of 
one section 

Projection by extrusion 

Plastic strains of the local model 

Plastic strains of the local model Welded part from the global model 

Front Rail 

Torque Box 
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Cross-Car Component 
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Fig. 7 Selected welding sequence  

  
Fig. 8 Computation model with the distribution of distortions after welding 

It is also possible to study resulting distortions in specific parts 
of the final model in more detail. It provides a better idea about the 
influence of a welding sequence on the distortions of a specific part 
of the front rail. Resulting distortions of the front rail´s clamp were 
taken as an example (see figure 9). Here we selected two points and 
monitored the maximum distortion in the direction of the axis x. 

 
Fig. 9 Resulting distortions in selected points, bumper 

Further we monitored the distortion of a cross car component in 
the beforehand selected points in the direction on figure 10. A real 
experiment, i.e. welding of the front rail by the given welding 
procedure, was carried out to verify the acquired outputs. The 
outputs from the measurements of distortions on a real piece have 

shown a good conformity and small differences in comparison with 
the simulation computations, where the average deviation from the 
computed values was 0.2 mm. There were also places where the 
distortions even reached 0.31 mm. This only confirms that it is 
difficult to keep the conditions and parameters invariable during the 
whole period of welding. 

    
Fig. 10 Resulting distortions in selected points, cross-car component 

6. Conclusion 
As the article has shown, by means of local-global method it is 

possible to solve even complex construction units with more welds 
without the necessity to create complex simulation models and 
disproportionate prolongation of the computation times. Thanks to 
this method we can predict the size of distortions before the actual 
welding of the real piece. It is thus possible to optimize the welding 
procedure, i.e. the sequence of laying of the weld beads, the amount 
of the input temperature and distribution of the individual weld 
beads. 

However, we must keep on mind that the quality of the 
simulation results highly depends on the quality of the local model 
simulation, and that the residual stresses and plastic strains in the 
welding joint are highly dependent on the global stiffness of the 
assembly structure, including the effects of the clamping tools. That 
is why it is necessary to pay a special attention to the choice of the 
local model simulations and especially to the boundary conditions 
applied to the limits. This is the only way to make the application of 
this method successful and to obtain relevant results from the 
simulations. 
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