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Abstract 

 

This paper summarizes the latest developments on numerical simulation and optimization of 

resistance welding and mechanical joining. Numerical simulations and optimizations have been 

applied for solving design-oriented problems by modeling welding combinations of geometric 

shape and dimensions in various materials. With increasing accuracy and integration of 

engineering expertise, they are also applied more and more for solving production-oriented 

problems by optimizations and planning of welding process parameters. Weld quality can be 

modelled in terms of microstructural phase changes, resulting hardness distribution and weld 

strengths under different loading conditions. New developments are further moving towards 

interaction with welding control by machine learning and artificial intelligence (AI). 

 

 

1. Introduction  

 

Numerical simulations have been widely applied in nearly all engineering fields for saving time, 

reducing costs, improving product quality and inspiring innovations. 

 

The general applications of numerical simulations have first started with structural modeling 

for computer aided design. With increasing accuracy of process simulations and especially 

integration with engineering expertise, numerical simulations are more and more applied for 

optimization of manufacturing processes thereby getting into computer aided manufacturing. 

 

In the past three decades, dedicated simulation software has gained more applications in 

simulation and optimization of welding and joining processes [1-4]. It has helped engineers to 

make better product design, get optimized welding processes and find the root cause of welding 

problems. 

 

The welding problems that are bothering the welding engineers and designers every day can be 

summarized into the following three categories: 

 

1) Design related problems due to geometric dimensions and choice of materials. 

2) Production related problems due to poor settings or less optimized welding parameters. 

3) Control related problems due to lack of dynamic response to process disturbances. 

 

Numerical simulations have been widely used for solving design related problems. But, it needs 

much more knowledge and engineering expertise to apply numerical simulations for solving 

production related problems. It is even more demanding for solving the control related problems 

with numerical simulations, which could be feasible in the near future with the potential of 

interaction by machine learning and artificial intelligence (AI). 

 



 

SORPAS is a dedicated welding software system with many advanced functions of numerical 

simulations and optimizations for solving design-related problems and production-related 

problems. It is developing further into a more advanced system towards control-related 

applications by introducing new functions to interact with the welding controls. Fig. 1 shows 

the software system of SORPAS. 

 

 
Fig. 1: The software system of SORPAS with released modules and new developments. 

 

In this paper, we will present our latest research and development in numerical simulations and 

optimizations with SORPAS on the following three aspects: 

 

¶ Design-oriented simulation and optimization. 

¶ Production-oriented simulation and optimization. 

¶ Control-oriented optimization with machine learning and artificial intelligence (AI). 

 

 

2. Design-Oriented Simulation and Optimization  

  

Many welding problems are caused by design factors including the geometric dimensions of 

the parts to be welded, the combination of materials and the local design of the weld contacts. 

Below are some examples of numerical simulations and optimizations for solving design related 

problems. 

 

2.1 Design of workpieces (products) 

 

In spot welding, different combination of sheet thickness and materials would make the welding 

process totally different, which also require different welding parameters. The thickness ratio 

and strength ratio of the sheets are important to indicate the difficulty of the welds. Fig. 2 shows 

eight examples of spot welding of three sheets with a thin low carbon steel sheet and two thicker 

sheets of higher strength steels. Each case needs different welding parameters but all showed 

difficulties in obtaining weld nugget into the thin low carbon steel sheet, [5]. 

 



 

 
 
Fig. 2: Spot welding of 3-sheet with different thickness and steels simulated with SORPAS 2D [5] . 

 

In special cases of spot welding, it is only possible to access the weld location from one side 

due to the geometry of parts to be welded. Fig. 3 shows an example of 3D simulation of single-

sided spot welding of sheet to tube. The welding process is particularly challenging due to 

elastic deflection of the tube and its interaction to the thickness and strength of the sheet. 
 

 

In projection welding, the design of the local weld projection could determine whether the weld 

can be successfully made. The local projection is needed for concentrating the current to heat 

up the weld interface, but it shall be deformed during the welding to get sufficient weld size. It 

needs optimizations to achieve the best projection design. Numerical simulations can save a lot 

of costs to make the virtual welding tests on the computer by screening out the bad designs 

 

 
 

 
(a) 3D model for welding sheet to tube. (b) Simulation results for welding sheet to tube. 

 

Fig. 3: 3D simulation of single-sided welding of sheet to tube. 
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before making real parts for physical experimental tests. Fig. 4 shows the simulation of 

projection welding with a vertical sheet welding to a flat sheet with long embossment. 

 

 

 
(f)                                                             (g) 

 

Fig. 4: Projection welding of vertical sheet to sheet with long embossment simulated by SORPAS 3D. 

 

In electrical and electronics products, many welds are directly made between the parts by 

utilizing the shape of the parts. In such cases, the design of the parts especially at the weld 

contact is very important. With support of simulations, it is possible to test and evaluate the 

welding results with each design of the parts and then select the best design. It is even easier to 

simulate with the same geometric design but different materials for each part and then select 

the best material. Fig. 5 shows a micro welding example to join a wire to electrical connector. 

 

           
(a) 3D model.            (b) Peak temperature and final form.               (c) Real welded part. 

 

Fig. 5: Hot staking (fusing) for joining wire to connector simulated with SORPAS 3D. 

 

2.2 Design of rivet and die 

 

In mechanical joining, the design of rivet is key to decide whether a joint can be made 

successfully. Similarly, the design of die is also critical to the quality of joining.  In case of self-

piercing riveting (SPR), if the rivet is too short or too long comparing to the total thickness of 

the sheets to be joined, or even with the correct size but the material of the rivet is not strong 

enough to penetrate into the sheets, the joint cannot be made properly. A lot of trial and error 

tests need to be done in order to find the suitable rivet for a given combination of sheets with 



 

specific thickness and materials. For this purpose, numerical simulations are very useful to get 

the optimal design of rivets before doing any physical tests. 

 

Fig. 6 shows an example of SPR with different designs of the rivet tip geometry. It shows that 

by a small change in the radius at the rivet tip, the resulted joint is with different interlock 

length, where the maximum setting force is also changing with different rivet designs. 

 

           
(a) Design factors of SPR.                                          (b) Quality measures of SPR. 

      

      
(c) SPR with design no.1 (R4=0.8, R5=0.2).                   (d) SPR with design no.6 (R4=1.1, R5=0.25). 

         
(e) Setting force changing with design factors.           (f) Interlock varying with design factors. 

 

Fig. 6: Influence of design factors in self-piercing riveting (SPR) simulated with SORPAS 2D. 

 

2.3 Design of electrodes 

 

In spot welding, the shape and material of electrodes are important to produce different weld 

results. Fig. 7 shows an example of spot welding aluminum alloy. By changing the electrode 

tip face radius from 40mm to 150mm, the weld nugget size has reduced significantly with the 

same welding current, force and time. 

 



 

       
(a) Electrode tip face radius R=40mm.                        (b) Electrode tip face radius R=150mm. 

 
Fig. 7: Spot welding aluminum alloy with different design of electrodes simulated with SORPAS 2D. 

 

 

2.4 Weld properties after welding 

 

The material properties after welding is an important quality measure that is also a design factor 

related to the product structural design. It is possible to model the microstructures and hardness 

distribution after welding. Fig. 8 shows the predicted distribution of martensite, bainite, pearlite 

and ferrite, and also the hardness distribution with contributions of all phases. 

 

 

 
 

 

2.5 Prediction of weld strengths 

 

Evaluation of the weld strengths is essential for the car body design and for weld quality 

assurance. Already in the design phase when designing the welds and selecting materials to be 

welded, it would be good to know the possible weld strengths to be obtained from the welding 

production. This is possible to be simulated based on the optimized welding process parameters 

and then with the 3D simulation of the weld strength testing. 

 

    
(a) Martensite.                                    (b) Bainite.                                        (c) Ferrite/pearlite. 

       
                                (d) Hardness.                                        (e) Comparison of measured and simulated hardness. 

Fig. 8: Microstructure and hardness distribution in spot welding of DC06-DP600. 


