
 

 

Modification of Coupling Parameters for a more accurate numerically coupled 
Simulation of the Resistance Spot Welding Process 

 
Authors: W. Ernst1,2, M Galler1, R. Vallant1, N. Enzinger1 

 
1Graz University of Technology, Institute for Materials Science and Welding 

2voestalpine Stahl GmbH, Linz, Austria 
 
 

ABSTRACT 
 

The finite element modeling of the resistance spot welding process was performed on 
single and double sheet uncoated dual phase steel HTC600X. SYSWELD specific 
coupling parameters such as coupling ratio between electro-thermal and mechanical 
simulation and definition of the electro-thermal contact surface were modified to 
output a more accurate temperature evolution in the sheets. The radius of the heat 
affected zone and the radius of the molten zone were used as a measure of quality of 
the results and were compared to experimental data. In addition, the SYSWELD 
resistance spot welding advisor interface was modified and extended, which allowed 
user friendly modifications of the important calculation parameters to assist in a more 
accurate simulation of the welding process.  
 

1 Introduction 
Resistance spot welding is a very important process for joining automotive components due to its 
high productivity, low operation cost, and reliability of welded joints. In the automobile industry, 
the spot welding process must be optimized in terms of production cost and spot weld quality. 
The modeling of the resistance spot welding process can be used as a tool to optimize the 
process parameters such as current, time, and force in order to save production cost and ensure 
the formation of acceptable welds in terms of size and strength in safety relevant automobile 
components. An accurate spot welding simulation requires the correct coupling of electrical, 
thermal, metallurgical and mechanical interactions, especially at the contact interfaces, where 
effects such as electrode geometry and sink in can play an important role in overall temperature 
evolution.  
 
Many researchers have used the finite element modeling program SYSWELD for the resistance 
spot welding simulation [Srikunwong, 2005]. Specifically, the coupling phenomenon between the 
electro-thermal and the mechanical part of the calculation at the electrode/sheet (E/S) interface 
has been a major topic of investigation [Feulvarch, 2006]. The SYSWELD spot welding advisor 
has two possibilities to investigate the coupling at the E/S interface: weak and strong coupling 
option [ESI Group, 2004].  
 
In the weak coupling option, the thermal analysis is performed during the current application, and 
then the mechanical analysis is first performed at the end of the current application. In the strong 
coupling option, the mechanical analysis is coupled with thermal analysis during the current 
application, which accounts for the electrode sink in and evolution of contact radius at the E/S 
interface. Although this option more closely represents conditions of the real welding process, 
researchers discovered that there was very little difference in the coupling options when 
performing a spot welding simulation [Robin, 2002].  
 
A more detailed investigation into the contact parameter at the E/S interface must be performed 
in order to have an accurate simulation which accounts for the evolution of the contact radius 
during welding.  
 



 

 

In this paper, temperature evolutions in the sheet and at the electrode surface were investigated 
when simulation the welding of DP600 steel using modified coupling and contact parameters with 
the aid of a newly created resistance spot welding interface. The new interface allows for easy 
integration of user defined electrical, thermal and mechanical coupling parameters to change the 
iteration time and electrode contact radius at the E/S interface. The goal of this paper is to 
discuss the simulated results with the focus on improving the efficiency and accuracy of the 
SYSWELD finite element modeling program for resistance spot welding. 
 

2 Overview of spot welding interface  
 
The spot welding advisor in SYSWELD is a SIL (SYSWORLD interface language) interface to 
manage the pre-processing, processing and post-processing of spot welding simulation in 
SYSWELD [ESI Group, 2007]. The new part of the spot welding interface, which deals with the 
pre-processing, creation and modification of a spot welding simulation project, will now be 
described as well as the important improvements made to the old part of the interface. A 
comparison of the input dialogue sequence between the old and new interface can be seen in 
figure 1.  
 
The sequence of definition of the required data for the pre-processing was restructured, modified 
and extended, which allowed for a more user friendly modification of the important calculation 
parameters. The input dialogue now consists of five main groups:  

- File management 
- Mesh, material and contact resistances 
- Electrical load 
- Mechanical load 
- Calculation parameter 

 
In addition to the old dialogue it is now possible to select the type of applied current:  

- alternating current AC, direct current DC or user defined current function from 
an external file (defined by simplified FORTRAN).  

- Furthermore, the time function of the mechanical load can be imported from an 
external input file with a time-force table. 

  
In the last, new added dialogue window, the user can define main calculation parameters. There 
are four analysis options the user can choose:  

- thermal analysis,  
- thermal analysis with a subsequent mechanical calculation respectively weak 

coupling,  
- strong coupling pressure controlled, and  
- strong coupling distance controlled.  

 



 

 

 
Figure 1: Overview of changes made in the new spot welding interface 

 



 

 

2.1 Thermal calculation 
 
For the electro-thermal calculations, the electro-thermal contact is established if the distance 
between the opposing surface elements is lower than a user defined threshold value.  

2.2 Weak coupled, thermo-mechanical calculation 
 
Subsequently to the thermal calculation a mechanical calculation is carried out. 

2.3 Strong coupled thermo-mechanical calculation, pressure controlled 
 
The electro-thermal contact surface (electrode contact radius) is recalculated and defined from 
the mechanical contact surface (all nodes having a normal contact force different of zero) at each 
coupling step [ESI Group, 2007] with a threshold value of zero, respectively. 

2.4 Strong coupled thermo-mechanical calculation, distance controlled 
 
For the strong distance controlled simulations, the electro-thermal contact is established similar to 
the thermal analysis if the distance between the opposing surface elements is lower than a 
threshold value. 
 
In addition to the analysis options, it is possible to define and alter the following parameters: 

- coupling rate (and iteration time respectively) for the strong coupled simulations 
- maximum calculation time respectively the cooling time after the removal of the 

electrodes. This option allows to save computation time if you are e.g. only interested 
in the processes during the welding process and not in the residual stresses after 
cooling. In the old spot welding advisor, the standard value was 50 seconds. 

- storage frequency of the calculated results; of interest for accurate studies of the 
process parameters especially in the early stages of the weld process. 

- maximum time step for adaptive time stepping to increase the accuracy and time 
resolution of the results, especially for only thermal analysis.  

- threshold value for electro-thermal contact definition of thermal analysis, weak 
coupled thermo-mechanical analysis and strong coupled thermo-mechanical 
analysis, distance controlled. 

 
In the past, the type of current wave form and the type of analysis were defined in the 
spw_interface.cmd file, which had to be edited manually. The defined values of the new 
parameters are added in addition to the spot welding project file (*.spw) for traceability of the 
simulation and its parameters. 
 

3 Numerical and Simulation Procedure  
 
The pre-processing for the numerical simulation of the resistance spot welding process was 
performed with the newly created SYSWELD interface. An overview of the different simulations 
presented here can be seen in table 1.  
 
 



 

 

Table 1: Overview of the simulation procedures performed in this paper 
 

Calculation 
type 

Simulation 
procedure Label

Current 
Value 

Original 
contact 
radius 

definition 
(100 mm 

threshold)

User 
defined 
contact 
radius 
= 1.5 
mm 

Original 
coupling 

ratio: 
0.25 

User 
defined 

coupling 
ratio: 0.1

Original 
contact 
radius 

definition 
(100 mm 

threshold)

User defined 
contact 

radius = 1.5 
mm 

Thermal T1 1.5, 5.5, 
9.5 x      

Thermal T2 1.5, 5.5, 
9.5  x     

Strong pressure 
controlled S1 1.5, 5.5, 

9.5   x    

Strong pressure 
controlled S2 1.5, 5.5, 

9.5    x   

Strong distance 
controlled SD1 1.5, 5.5, 

9.5     x  

Single 
sheet  

 
weld time: 
1 Period,  

 
hold time: 
1 Period 

Strong distance 
controlled SD2 1.5, 5.5, 

9.5      x 

                    

Thermal T3 1.5, 5.5, 
6.2, 7.7 x      

Thermal T4 1.5, 5.5, 
6.2, 7.7  x     

Strong pressure 
controlled S3 1.5, 5.5, 

6.2, 7.7   x    

Strong pressure 
controlled S4 1.5, 5.5, 

6.2, 7.7    x   

Strong distance 
controlled SD3 1.5, 5.5, 

6.2, 7.7     x  

Double 
sheet  

 
weld time: 
13 Periods, 

  
hold time: 
1 Period 

Strong distance 
controlled SD4 1.5, 5.5, 

6.2, 7.7      x 

 



 

 

Two different coupling ratios (iteration time between the electro-thermal and mechanical 
simulation to the duration of one period of 50 Hz AC) were chosen for the pressure controlled 
simulations (S): 0.25 and 0.1. These coupling ratios represent iteration times of five and two ms, 
respectively. 
 
Two different threshold values were used for the thermal calculations (T) and strong coupled 
distance controlled simulations (SD), which represent different initial values of the electrode 
contact radius. For T1 and SD1, the electrode contact radius is three mm and for T2 and SD2, the 
electrode contact radius is 1.5 mm. For the strong distance controlled simulations, the coupling 
ratio was again 0.1.  
 
Single and double sheet simulations were performed on uncoated dual phase steel HTC600X 
material with a thickness of 1 mm. A chemical composition of the steel used in the experiment is 
given in table 2.  
 

Table 2: Chemical composition and mechanical properties at room temperature of dual 
phase steel HTC 600 X according to EN 10336 

 
Chemical composition [wt%] 

C Si Mn Al V 

Yield  
strength 

[MPa] 

Tensile 
strength 

[MPa] 
max. 0.17 max. 0.8 max. 2.2 max. 2.0 max. 0.2 340 - 420 min. 600 

 
Performing single sheet simulations allowed for an easier analysis of the influence of the different 
contact parameters on the temperature evolutions at the E/S interface. Figure 2 shows the mesh 
used in the single sheet simulation. The dotted lines represent the opposing surface elements at 
E/S contact. The electrode radius for all simulations was 2.75 mm and the curvature was 50 mm. 
An example of the contact radius definition by threshold value for the T2 simulation is included in 
figure 2. 
 

 
Figure 2: Overview of electrode mesh with attention to contact at the E/S interface 

 
One period of AC was used for the single sheet simulation, while the normal 13 periods of AC 
were used for the double sheet simulation. The reason for using one period for the single sheet 



 

 

simulation was to compare the accuracy of the different simulation techniques at the very early 
stages of weld current [Galler and Ernst, 2009]. Simulations were performed on the single sheet 
using the different simulation procedures described above with three different current values: 1.5, 
5.5 and 9.5kA. The force was 3.5kN for all of the single sheet experiments including mechanical 
simulations, S and SD. In the double sheet experiments, 5.5kA welding current was used and a 
force of 3.5kN. The holding time was one period for all simulation because the interest was only 
in the temperature evolution in the simulation.  
 
To assist in the comparison of the simulation procedures, the current density, electrode force, and 
pressure across the electrode surface contact group were evaluated at specific times during the 
simulation. The results from the simulation were compared to real cross sections from both single 
and double sheet with regards to radius and shape of the heat affected zone and molten zone.  
 

4  Results and Discussion 
 
An effort will now be made to compare the thermal analysis from the previous SYSWELD 
interface with a given threshold value for electro-thermal contact of 100 mm (T1) to an analysis 
with a lower threshold value, user defined, in the newly created interface (T2). In figure 2, the T1 
simulation defines the initial E/S contact along the dotted line across the E/S interface, and up the 
electrode side. In T2, the initial E/S contact radius is 1.75mm because the threshold is set to a 
much lower value. As previously described, the change of the threshold value defines the contact 
radius for the electro-thermal contact.  
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Figure 3: Maximum temperatures for thermal simulations with original (T1) and modified 

definition (T2) 
 
Figure 3 shows the maximum temperature taken from the simulation plotted against effective 
welding current for single sheet thermal simulations with one period of current application. Curve 
labeled T2 is higher at all current values. It is also important to note that melting occurs (above 
1500°C) with T2 at 9.5 kA after one period of current application. The reason for the trend seen in 
figure 3 can be explained when examining the electrode contact radius.  
 



 

 

In order to confirm this value from the simulation, the current density in the y-direction through the 
welding electrode is plotted in figure 4 during the peak in the first and second half waves of 
current application. In this analysis, the electrode contact radius is taken from the last node with a 
significant current density flow. It can be seen that the electrode contact radius does not increase 
from the first to the second half wave of current application.  
 
In curve T1, due to a very large threshold value, the contact radius is the entire length of the 
contact group, which extends along the side of the electrode. With the new threshold value, the 
contact radius is at 1.75 mm, which is a much more realistic value. Also, the current density 
shows a peak at the edge of the electrode radius, which represents a concentration of current 
flow at this point. This peak in current density in curve T2 is similar to results from other spot 
welding simulations [Khan, 1999]. It is known that the current flow will concentrate at the point 
where the equipotential lines are the closest, which is present at the edge of the contact interface. 
Overall, the increase in temperature with the new simulation procedure from thermal coupling is 
due to an increase in current density through the electrode from a smaller contact radius.  
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Figure 4: Current density through the electrode contact surface for thermal simulations 

with original (T1) and modified (T2) approach.  
 
The maximum temperature from simulations using the strong coupling procedures can be seen in 
figure 5. The lowest maximum temperature evolution occurs from the SD1 simulation, while the 
highest maximum temperature is taken from the S1 simulation. Melting did not occur in any of 
these simulations. An investigation into the contact surface will provide a better understanding of 
the trends in this graph.  
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Figure 5: Maximum temperature from strong coupling simulations 
 
Figure 6 displays the current density in the y-direction as a function of distance from the electrode 
center at the E/S interface at the times of the first and second half waves of current application. A 
number of important observations must be discussed in this curve.  
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Figure 6: Current density through the electrode contact surface for strong coupling 

simulations 
 
The discussion can be enhanced with the aid of figure 7, which plots the evolution of electrode 
contact radii from all simulations. Here, the electrode contact radius is taken at the last node 



 

 

current density flow. There is no increase in electrode contact radii for the thermal simulations T1 
and T2, because no mechanical analysis is included. For the strong coupling simulations, an 
increase in the electrode contact radius is related to a time where the mechanical coupling step 
occurs. However, this mechanical step can also occur without an increase in contact radius. It 
can be seen that the highest and lowest current density values in figure 6 are related to the 
smallest and largest values of electrode contact radii from figure 7, respectively.  
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Figure 7: Evolution of electrode contact radius for all simulations 

 
The two highest values of current density in figure 6, from S1 and S2, are from the first half wave 
of current application. However, these current density values decrease and are the same during 
the second half wave of current application. From figure 7, it can be seen that at 5 ms, which 
represents the time of the first half wave, the contact radius for S1 is greater than for S2. Thus, an 
increase in the electrode contact radius occurs at an earlier time in the welding process for the S2 
simulation due to a faster iteration time for the mechanical calculation step. This greater contact 
radius explains a lower current density value in figure 6. At 15 ms, which represents the time of 
the second half wave of current application, the electrode contact radii are the same, leading to 
very similar values of current density.  
 
Figure 8 plots the evolution of current density for both S simulations. It can be seen that the 
current density changes with the electrode contact radius. These curves schematically show the 
influence of coupling rate and simulation type on current density evolution during resistance spot 
welding. The coupling parameters at the E/S interface must be an integral part of the resistance 
spot welding simulation. 
 



 

 

0 5 10 15 20

-800

-600

-400

-200

0

200

400

600

800

 S1
 S2

Weld time [ms]

C
ur

re
nt

 d
en

si
ty

 [A
 m

m
-2
]

 
Figure 8: Evolution of current density for two strong coupled simulations at a current of 

9.5 kA 
 

5  Comparison to Experimental Results 
 
An effort will now be made to compare the simulation results from all simulation types to the 
experimental data when welding double sheet DP600 steel. The radius of the heat affected zone 
(HAZ) is shown plotted against the effective weld current in figure 9 for both simulation and 
experimental data. It is seen that the experimental data for the HAZ radius fits very closely to the 
SD2 simulation at all investigated current values.  
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Figure 9: Comparison of HAZ to experiment for double sheet welding 



 

 

Figure 10 plots the molten zone radius as a function of effective weld current for experimental and 
simulation results. The SD4 fits to the experimental data at higher values of weld current, but 
does not fit at 5.5 kA. However, similar to the HAZ comparison, the SD4 simulation is the best fit 
curve with regards to HAZ.  
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Figure 10: Comparison of molten zone radius to experiment for double sheet welding 

 
A comparison of an experimental cross section to SD4 and to S4 at 6.2 kA is shown in figure 11. 
It is shown that the HAZ and the molten zone radius fit nicely to SD4. However, the shape of the 
weld nugget and thus the volume of the weld correspond to S4.  
 

 
 

Figure 11: Comparison of experimental cross section to that of SD2 and SP2 at 6.2 kA 



 

 

5.1 Discussion of validity of simulation 
 
A few important factors must be discussed regarding the accuracy of the spot welding simulation. 
It is clear that the new interface has made an improvement with the only thermal simulation due 
to the possibility of a new definition of initial electrode contact radius by the user defined threshold 
value for the electro-thermal contact. Perhaps an improvement in the input data could further 
improve the accuracy of the spot welding simulation.  
 
It was previously determined [Galler and Ernst, 2009] that the real shape and values of the 
electrical contact resistance curves for DP600 uncoated steel are different than those used in the 
SYSWELD simulation. Since these values are very important to the weld nugget formation, this 
could be a very significant reason for the difference in weld nugget shape between the simulation 
and experimental data.  
 
 

6 Conclusions 
 
A new resistance spot welding interface was proposed which takes special consideration of the 
electro-thermal and mechanical coupling parameters at the E/S interface.  
 
Resistance spot welding simulations were performed on single and double uncoated HTC600X 
dual phase steel using three different simulation types: thermal, strong coupling, and strong 
coupling distance controlled. Coupling parameters were changed to produce different evolutions 
of electrode contact radii during the spot welding simulations. It was determined that the electrode 
contact radius during welding plays is a significant role in temperature evolution, and that small 
alteration in the contact parameter can significantly change the output temperature values during 
the simulation.  
 
For the single sheet simulation, the thermal simulation with a constant contact radius (T2) 
produced the highest temperature values for one AC application. For the double sheet 
experiments, a strong coupling simulation, pressure controlled with the ratio of 0.25 produced the 
highest temperature values and the largest molten zone radii.  
 
When comparing simulation to experimental results, the SD4 simulation was the best fit regarding 
the HAZ and molten zone radii due to the increased initial contact radius compared to the 
pressure controlled simulations. However, the shape of the nugget shows much better 
comparison to the strong pressure simulations. It is recommended, when comparing the HAZ and 
molten zone radii to experimental results, to use the SD simulation option. When comparing the 
volume and shape of the molten zone, it is recommended to use the strong pressure controlled 
simulation option.  
 
It has to be noted that an increased contact radius can be taken into account as well for the 
pressure controlled simulation (mechanical contact equals the electro-thermal contact) by 
adjustment of the curvature of the electrode contact surface, which is a subject of further 
investigations to achieve more accurate results in radii and the shape of HAZ and molten zone as 
well. 
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