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Summary 
The basis for performing a thermo-mechanical staggered coupled heat source analysis of a welding simulation 

is implemented into LS-DYNA. In this report, three methods for initiating the heat source’s mechanical motion 
during girth and tubular joint welding are developed and evaluated. The first method is a reformulation of the 
equations used at Det Norske Veritas, the second is an incorporation of the equations into excel and the third is a 
standalone third party software. The most efficient of the developed methods turned out to be the software which 
creates k-files which are implemented into the main k-file using LS-PrePost. All methods have been visually and 
numerically evaluated using Excel, LS-DYNA and LS-PrePost. 

 

1 Introduction 

A welding simulation is a complex and exten-
sive process which contains large temperature 
changes, distortions and residual stresses. Finite 
element (FE) simulations of the welding process are 
becoming more and more common with the devel-
opment of higher computational performance 
which led to substantially decreased simulation time. 
FE simulations of welding in the past have mostly 
been utilized in high risk industries, due to safety 
aspects. Such industries were nuclear plants and gas 
industries. Nowadays finite element simulations of 
welding have been adopted in various areas of 
manufacturing due to the possibilities of cost saving 
by producing with less defects. 

The International Institute of Welding (IIW) 
has developed two Round Robin Benchmark stud-
ies for predicting residual stresses. These tests are 
called Phase 1 and Phase 2. Whereas Phase 1 is a 
simulation benchmark, Phase 2 is a critically re-
formed simulation based on the knowledge from 
the Phase 1. In addition Phase 2 has an experimen-
tal weling procedure to verify result [1]. 

Recent experiments conducted at Det Norske 
Veritas (DNV), using IIW Round Robin butt 
welded pipe model as the benchmark, has shown 
that the use of simplifications such as axi-symmetry 
yields inaccuracies in the resulting residual stresses 
when more than one pass is analysed [2]. 

This project focuses on developing a method 
to describe the motion of the heat source in the 
three dimensional space during girth- and tubular 
joint welding. The method is compared to the 
present method used at DNV and will be used with 
the FE software LS-DYNA. IIW’s Round Robin 
Phase 1 Butt Welded Pipe Benchmark is a platform 
fo comparison [2]. 

1.1 Aim and limitations 

The aim of this project is to develop a method 
or tool that simplifies the initiation of the weld head 
motion in LS-DYNA. The initiation should be easy 
and user friendly with the ability to choose where 
the weld should start, which direction the weld 
should move in and which velocity the weld head 
should have. 

The method will be compared with the present 
methodology used at DNV with IIW Round Robin 
Phase 1 butt welded pipe model as the benchmark. 
The project will be limited to comparing the motion 

of girth and tubular joint welding using LS-PrePost 
as help software. 

 
 

2 Background 

Historically the process of performing a weld-
ing simulation has been carried out in one of two 
ways. The first approach uses a fluid- and thermo- 
dynamic method which simply focuses on the weld 
pool and the HAZ. The second approach uses a 
global thermo mechanical method which focuses on 
the heat source with the heat transfer carried out by 
conduction [3]. 

In the 1930’s Fourier developed a model which 
describes the heat flow in a welding process. This 
method was applied to a moving heat source in the 
40’s by Rosenthal [4]. 

A model for carrying out thermo mechanical 
welding simulations was developed in 1975 by 
Friedman. He used a finite element method to 
calculate temperatures, stresses and distortions 
which occur during welding [5].  

The simulations in this project are done with 
the FE software LS-DYNA which uses a “Goldak 
double ellipsoidal weld heat source” as its standard 
heat source model. This method can be used either 
to perform simple thermo-dynamical analysis or to 
perform thermo-mechanical staggered coupled heat 
source analysis [6]. The advantage of performing the 
latter is that the 3-D movement of the heat source 
can be regarded as a simply mechanical problem. 
This makes it possible to exclude the thermal solver 
from the control of the heat source [2]. A descrip-
tive explanation of the Goldak double ellipsoidal 
heat source model is presented in [7]. 

LS-DYNA has applied a feature to the stan-
dard Goldak heat source which allows the torch 
angle to be adjustable. This in turn makes the mo-
tion control of the weld head somewhat more 
complicated when the weld head is moving along 
elaborate weld paths. The first use of this feature 
was recently presented [8].  

Simulating a welding procedure presents diffi-
culties with complex geometries, boundary condi-
tions and non-linear material properties [9]. Recent 
developments of the computational performance 
have made it possible to use more accurate models 
in the simulation process and to a lesser extent use 
general assumptions. Studies such as [10][11] [12] 
either uses axi-symmetry or linear 2D motion to 
describe the moving heat source. It has been sug-
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gested by Lindström and Josefsson [2] that the use 
of axi-symmetry yields inaccurate residual stress 
results when analysing multi-pass butt welding of 
pipes. The same article suggest thtat using a fully 
three dimensional model yields more accurate re-
sults which means a more complicated motion 
description model for the heat source. 

Rhodin [13] suggests that a major problem 
with assuming axi-symmetry is applying a 3-
dimentional heat source to a model which has been 
reduced to 2-dimensions. What is recommended in 
this work is to use a fully 3-dimentional model to 
perform the simulations since this would eliminate 
the uncertainties which is connected to this kind of 
assumption. 

The task of mechanically controlling the heat 
source, i.e, weld head along a given weld path is not 
always an easy task. The lack of educative documen-
tation examples and the absence of an application 
or toolbox to control the weld head in LS-DYNA 
make the task of initiating a welding simulation 
difficult [2]. 

 

3 Method 

A system engineering methodology [14] has 
been adapted during this project. The limitation of 
the present method has been investigated; literature 
studies have been conducted to investigate the 
present solution of the mechanical motion control 
of the heat source in LS-DYNA. Methods for 
initiating the weld head motion has been developed 
using traditional engineering methodology and has 
been numerically evaluated. 

3.1 LS-DYNA 

LS-DYNA is a commercial finite element 
solver and is best known for its capabilities to simu-
late structural responses to dynamic loads. LS-
DYNA has also drawn much attention as a solver 
for research where academics use it for complicated 
problems. [15] LS-DYNA uses the file extension .k 
which can be opened in most standard text editors 
although this author recommends using a more 
advanced text editor which can process larger text 
files. The k-file consists of keywords which is the 
information LS-DYNA uses to execute the simula-
tion. The order in which most keywords are placed 
within the k-file is not important for LS-DYNA but 
the format must be correct with a maximum of 8 
character per data field and 80 characters per line 
[16]. LS-PrePost is a support software that can be 
used to create k-files with help of a graphical inter-
face. It can be benefitial to chop up a k-file into 
multiple files and include them in the analysis using 
the *INCLUDE_INCLUDE keyword [15]. This 
allows the user to create templates for simulation 
parameters that is often repeated. 

3.2 DNV Girth weld motion control 

DNV’s present method to describe the weld 
heads circular motion during girth welding is calcu-
lated from case to case using the 
*DEFINE_CURVE_FUNCTION keyword in 
LS_DYNA. This keyword allows the user to define 
or design a self-made expression to describe, for 

example, load versus time or as in this case, disloca-
tion versus time [16]. The LS-DYNA Goldak mov-
ing heat source is controlled by coupling it to a set 
of nodes which is controlled by using the previously 
mentioned method with these parametric equations: 

 
Velocity node 1: 

 
Equation 1 

       
  

   
         

 

  
          

 

Equation 2 

       
  

   
         

 

  
          

 
Velocity node 2: 
 
Equation 3 

       
  

   
         

 

  
          

 

Equation 4 

       
  

   
         

 

  
          

 
Where VY1 and VZ1 denote the coordinates of the 
inner node in the Y-direction and Z-direction and 
VY2 and VZ2 denotes the coordinates of the outer 
node in the Y-direction and Z-direction. V1 is the 
velocity of the inner node (m/s) and V2  refers to 
the velocity of the outer node (m/s). t is the itera-
tion time which is counting up during the simula-
tion (s) and tt is the termination time on which the 
iteration time stops to count (s), dispNy1 and dispNz1 

refers to the distance from the origin of the coordi-
nate system to the inner node in the Y- and Z-
direction (m) and dispNy2 and dispNz2 refers the 
distance from the outer node to the origin of the 
coordinate system in the Y- and Z-direction (m). 

Node 2 will determine the length of the weld 
wire and will have a higher velocity since it moves 
with a larger distance to the centre of the pipe. 

 

4 Girth welding 

Three methods for describing the weld head 
motion has been investigated where the first is a 
reformulation of equations 1-4. The second is an 
incorporation of the formula into Excel which 
writes out the correct equations. The third is a 
software that creates a separate k-file which con-
tains the necessary keywords to initiate the motion 
of the weld heat source.  

4.1 Reformulating of equations 

In equation 1-4 there are four variables that 
needs to be calculated for each initiation. These are: 

tt, dispNy, dispNz and V2. Equation 5 and 6 
were used to reformulate the equation so LS-
DYNA performs the calculations which previously 
where performed manually by the user.  
 
Equation 5 
              
 

Equation 6 
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Where   is the angular velocity (rad/s),   is the 
frequency (hertz) and R is the radius of the pipe 
(m). 

Equation 5 and 6 were inserted into equation 1 
– 4 which resulted in equation 7 – 10. The equations 
have been simplified using the commercial numeri-
cal computation software MATLAB®.  
 
Velocity node 1: 
 
Equation 7 

          
   

   
 
   

 
            

 

   
   

 

Equation 8 

          
   

   
 
   

 
            

 

   
   

 
Velocity node 2: 
 
Equation 9 

               
   

   
 
    

 
                 

 

   
   

 
Equation 10 

               
   

   
 
   

 
                 

 

   
   

  
Where wl is the length of the weld head (m) and A is 
the phase angle of the heat source (degrees). 

Note that the “±” indicates the welding direc-
tion, if “+” the weld direction is counter clockwise 
and if “-“ the weld direction is clockwise. 

This formulation allows for direct modifica-
tions in the girth weld motion control of the heat 
source. However, the termination time and the start 
positions of the weld nodes still need to be calcu-
lated and inserted into the keywords 
*CONTROL_TERMINATION and *NODES. 
This is done using the following formulas. 
 
Coordinates node 1: 
 
Equation 11 

           
 

   
  

 

Equation 12 

           
 

   
  

 

Coordinates node 2: 
 
Equation 13 

                
 

   
  

 

Equation 14 

                
 

   
  

 
 

Termination time: 
 
Equation 15 

   
     

 
    

 

4.2 Create equations with excel 

Excel has been used to incorporate the calcula-
tions into a more user friendly environment. The 
reason to why excel has been used to do this is 
because excel is a well-established commercial 
software which most companies already has license 
for. It is also a powerful software which allows the 
user to create macros that runs in the background 
of the interface. In Appendix A, the excel user 
interface is shown. The excel sheet consists of input 
fields and output fields. In the input fields the 
welding velocity, the pipe radius, start point and so 
forth, are entered. In the output fields the paramet-
ric motion equations, node coordinates and termi-
nation time is generated. The data in the output 
fields are manually copied into LS-PrePost or di-
rectly into the k-file. 

The excel sheet also has a scatter plot diagram 
which graphically describes the weld path, start 
point and welding direction. For this to work 
smoothly a macro has been implemented in the 
background of the excel sheet which updates the 
scatter plot data fields. 

4.3 Motion control software 

As mentioned in the introduction, LS-DYNA 
works with k-files which contain all information and 
instructions that the solver uses for the simulation. 
This file type is a standard extension. A program 
(software) has been developed using C++/CLI 
programming language with Microsoft Visual 2010 
as compiler. The software automatically generates k-
files which contain the parametric velocity equa-
tions, node coordinates and the terminations time. 
The user interface is shown in Appendix A. 

The software calculates and writes out the pa-
rametric equations in Y- and Z-direction, creates the 
nodes for the heat source and determines the termi-
nation time. 

The k-file which is generated with the devel-
oped software may be imported into the main k-file, 
using the import function in LS-PrePost. It is then 
important to use the offset function in LS-PrePost 
to ensure that the imported nodes and equations 
don’t overwrite any already present data. It is also 
possible to include the separate k-file using the 
*INCLUDE_INCLUDE keyword. 

 

5 Tubular joint welding 

A Tubular joint is the intersection between two 
or more hollow circular profiles which are joined 
together by welding [17].  

During a tubular joint weld simulation the heat 
source needs to move in all three dimensions at the 
same time. To accomplish this a third equation is 
required to describe the motion along the x-axis. 
Parametric equations which describe the curve of 
the T-joint intersection are described by Stockie 
[18]. These equations where redefined to work with 
LS-DYNA, see Appendix B. 

The motion control of the tubular joint weld-
head motion has also been implemented into an 
excel sheet and into the weld motion software. A 
simple reformulation of the equations has been 
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excluded in this case since the x- and z-equations, 
especially for the outer nodes, are too extensive for 
easy manipulation by the user; see equation B.9 and 
B.11 in Appendix B.  

As with the excel sheet for the girth weld mo-
tion, the scatter plot function has been used for the 
tubular joint weld motion. To create the scatter plot 
the excel template [19] has been used, see Figure 1. 

 
The interface of the excel sheet and the weld 
motion software for the tubular joint welding 
operation is presented in Appendix C. 
 

6 Validation of motion control 

To validate the different methods of motion 
description a few different methods has been used. 

During the formulation of the equations the 
scatter plot function in excel has been used, the 
alternative being conducting numerous simulations 
in LS-DYNA. The scatter plot tool has allowed for 
instant feedback of the changes in the equations 
which have shortened the development time of the 
methods significantly.  

To evaluate the motion control in LS-DYNA 
the trace function has been used. The trace function 
is a post evaluation tool which has been used to 
trace the nodes during the welding simulation. This 
tool draws lines and stores coordinates during 
simulation of the motion in LS-PrePost. This has 
been done for a number of experiments one of 
which is presented in Figure 2.  

 
This simulation is of a 10 mm pipe which is 

welded on a 20 mm pipe with a 45 degree angle. 
The accuracy of the inner node’s motion is very 
close to the models intersection curve which can be 
seen in Figure 2. The model in Figure 2 has been 
reduced to only show the common volume of the 
intersecting pipes. 

 
The nodes coordinates during the motion has 

been exported and compared to the calculated result 
in the excel sheet and shows a maximal deviation of 
approximately 7*10^-5 m which is deemed accept-
able since the lowest precision in the calculations is 
at 1e-5 m. The largest deviations are shown in the 
outer node which controls the angle of the weld 
head.  

The angle of the weld head is not controllable 
by the user but is instead set to automatically be half 
the angle between the pipes. This means that at the 
start point where the angle between the pipes is 45 
degrees the weld head angle is 22.5 degrees. After 
performing half the weld revolution the angle be-
tween the pipes is 135 degrees and the weld head 
angle is 67.5 degrees. This has been confirmed from 
the exported coordinates from the trace.  
 

7 Results and discussion 

All methods and tools which have been devel-
oped have successfully been used to initiate the 
motion of the weld heat source. However, there are 
some issues that will be discussed in this chapter. 

7.1 Reformulation of equations 

By reformulating the circular motion descrip-
tion is has been possible to choose the welding 
parameters and insert them all in LS-PrePost with-
out using any third party software. However the 

 
Figure 3 A visualisation of the weld motion with only the com-
mon volume visible. 

 

 
Figure 2 A visualisation of the weld motion of the outer and 
inner node using the trace command in LS-PrePost. 

 

 
Figure 1 Scatter plot of the 3-D motion of a tubular 
joint welding operation. 
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reformulated equations are long and some values 
need to be inserted multiple times in each of the 
four equations. This leaves room for mistakes by 
the user which may miss to change a value or types 
the wrong value. 

There is also a limitation in LS-DYNA which 
doesn’t allow more than 80 characters per line. [16] 
This generated problems repeatedly during tests, see 
Figure 4. However, it is possible to insert the for-
mula into multiple lines and still acquire the same 
result, see Figure 5. This is however yet another step 
which contributes to the risk of mishaps and lowers 
the user-friendliness of the method. 

7.2 Create equations with excel 

The excel sheet is a more user-friendly ap-
proach which doesn’t generate as long motion 
description equations as the previously mentioned 
method. It is easy for the user to choose the differ-
ent parameters and insert them into the fields and 
generate the equations, node coordinates and termi-
nations time. 

This method do however demand that the user 
changes the standard setting in excel from using “,” 
as the standard decimal separator to “.” as the 
decimal separator. This is because LS-DYNA uses 
“.” as standard decimal separator and don’t perform 
the calculations correct if “,” is used. 

7.3 Motion control software 

The software that has been developed gener-
ates the k-file directly which is imported into the 
main k-file in LS-PrePost or included as a separate 
file to the solver. This is a fast and user friendly tool 
which helps the user to initiate the motion control 
of the heat source without any major hassle. 

The k-file generator has yielded great success in 
terms of fast and easy initiation of heat source 
motion in girth- and tubular joint welding. The 
former mentioned problem with 80 character lines 
is avoided with line breaker at points in the equa-
tions which are at risk of reaching 80 characters. 
The user does not have to pay attention to which 
decimal separator is used, since this is solved within 
the software. 

An extra function which is not possible to do 

with the two other methods has been implemented 
into the software. The constraints in the 
*PRESCRIBE_MOTION_NODE keyword is 
automatically generated in the k-file which the 
software generates and which marginally shortens 
the initiation time.  

As mentioned earlier, the k-file which is gener-
ated with the motion control software can be im-
ported into the main k-file or included with the 
main k-file in the solver. It is the author’s recom-
mendation to import the motion control k-file into 
the main k-file with LS-PrePost since there are 
keywords which needs to be coupled with the weld 
heat source which the developed software doesn’t 
address. For the software to initiate the complete 
weld heat source motion; the material data of the 
heat source, part defining and more needs to be 
handled in the developed software. This seems 
redundant since this is fairly easily handled in LS-
PrePost. 

7.4 Future Work and Research 

The software works as a complement to LS-
PrePost and helps the initiation of girth welding 
operations and tubular joint welding. 

However, the software is in an early stage of 
development and can be improved to take the 
welding initiation to a new level. If the software is 
implemented into LS-PrePost the user can have 
access to the model when choosing the start posi-
tion, radii and welding direction. LSTC has a history 
of implementing third party software which im-
proves the LS-PrePost user experience; one exam-
ple of this is the roll hemming application which 
originally was developed as a third party software. 

7.5 Critical Discussion 

The present formulation of the weld head’s 
equations doesn’t allow for choosing the angle of 
weld head. The weld head’s angle automatically 
changes with the changes in the intersecting pipes 
angle and is set to 45 degrees when the pipes are 
perpendicular to each other. During tryouts, see 
example in Figure 2, it has been shown that the 
angle of the weld head is half of the angle of the 
intersecting pipes. This is not an unreasonable angle 

 
Figure 4 Equation of the motion in the y-direction for the outer node. The equation reaches more than 80 characters. 

 
Figure 5 By inserting the equation on two rows the equation may be longer than 80 characters. 
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but since the weld angle should be equal to that 
which is used in experimental welding conditions, it 
becomes a shortcoming of the weld motion descrip-
tion. 

 

7.6 Conclusion 

1. All of the developed methods have a lower 
initiation time than that of the present DNV 
method and are easier to manage. 

2. Due to the similarities of the different meth-
ods and the fact that the developed motion 
control software displays the smallest number 
of shortcomings, the motion control software 
is the most effective of the three methods. 

3. Both the girth weld motion and the tubular 
joint welding motion have a close correlation 
to the actual intersection curve within an accu-
racy of 1e-5 m. 

4. The angle of the weld head during tubular 
joint welding is automatically set to be half of 
the angle of the intersecting pipe angle which 
gives the heat source the highest amount of 
access to the weld joint. 

5. The length of the simulated weld head differs 
in length during the weld simulation; this does 
not pose any problems since the purpose of 
the outer node merely is to control the angle 
of the weld head. 
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Appendix A:1 

A. User interfaces girth welding 

 
The interface of the excel sheet which is used for auto generating the parametric equations, node coordinates and termination time. 

 
The interface of the weld description software which has been developed to generate k-files. 
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Appendix B:1 

B. Tubular joint weld equations 

In this appendix the equations which describe the motion of a tubular joint welding simulation are presented. 
In [18], the parametric equations of intersecting tubes are explained, these equations can be seen in B.1 – B.3. 
 

Equation B.1 

     
    

    
         

  

 
Equation B.2 

             
 
Equation B.3 

  
                     

    
    

         
  

      
 

 
Where X, Y and Z are the coordinates which describe the curve in the X, Y and Z-direction, respectively, R1 is the radius 
of the base pipe (m) and R2 is the radius of the intersecting pipe (m). θ2 is cylindrical description of the intersecting pipe 
(rad) and φ is the angle between the pipes (degrees). 

The difference between the reformulation of the tubular joint curve and the girth welding curve is that the velocity 
can’t be calculated with the help of equation 15 in this case, because the length of the curve can’t be defined by either of 
the circumferences of the pipes. The velocity in this case is therefore calculated by first calculating the length of the curve 
by summarising the translation of the coordinates of the tubular joint curve and then using equation B.4 to calculate the 
average velocity. 

 
Equation B.4 

  
 

 
 

 

Where   is the velocity (m/s),   is the distance (m) and   is the time (s).  
The translated distance of nodes in the 3-D space is calculated using equation B.5. 

 
Equation B.5 

              
           

           
 

 

   

 

 
 
The re-formulated equations, which describe the weld heads motion during tubular joint welding, are shown in below. 
 
Velocity node 1: 
 
Equation B.6 

       
    

    
      

   

   
 
      

  
 
 

         

 

Equation B.7 

           
   

   
 
      

  
          

 

Equation B.8 

    
       

   

   
 

      

  
        

 

   
     

    
    

      
   

   
 

      

  
 
 
 

      
 

   
 

         

 

Velocity node 2: 
 

Equation B.9 

                                    
   

   
 
      

  
          

 
Equation B.10 
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Equation B.11 

    
            

   

   
 

      

  
        

 

   
     

    
    

      
   

   
 

      

  
 
 
 

      
 

   
 

         

 
Where Vx1, VY1 and VZ1 denote the coordinates of the inner node in the X-, Y- and Z-direction and Vx2, VY2 and VZ2 
denotes the coordinates of the outer node in the X-, Y- and Z-direction. R1 is the radius of the base pipe (m), R2 is the 
radius of the intersecting pipe (m), v is the velocity of the heat source (m/s), wl is the length of the weld head (m) and φ is 
the angle of the intersecting pipe in comparison with the base pipe (degrees). t is the iteration time which is counting up 
during the simulation (s), A is the phase angle of the heat source (degrees), lc  is the length of the intersection curve (m). 
dispNx1, dispNy1 and dispNz1 are the distance from the origin of the coordinate system to the inner node in the X-, Y- and 
Z-direction (m). dispNx2, dispNy2, and dispNz2 are the distance from the outer node to the origin of the coordinate system 
in the X-, Y- and Z-direction (m). 



Degree Project for Master of Science with specialization in Robotics 
Short descriptive title of the work - User interface tubular joint welding 

Appendix C:1 

C. User interface tubular joint welding 

 

 
The interface of the excel sheet for the tubular joint welding which is used for auto generating the parametric equations, node coordinates and 
termination time. 

 
The interface of the weld description software for the tubular joint welding which has been developed to generate k-files. 
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D. Press release 

DNV’s LS-DYNA Development project 

 

PRESS RELEASE 2013-06-11 

 

DNV announced today the release of a newly developed software which is a part of 

their effort of developing a more realistic model for their weld simulations in LS-

DYNA. The software is a third party software which is used to initiate the heat source 

mechanical motion in LS-DYNA. This will help the engineers with initiate lifelike 

welding paths although this first release is restricted to pipe welding operations.  

The project of developing more realistic welding simulations in LS-DYNA is an on-

going project which started a couple of years ago and is a part of vision of reducing the 

number of experiments to develop a weld procedure specification (WPS). It is still a 

common practice to use trial and error to develop a new WPS which sometime leads to 

a large number of experiments to find the process window for a successful welding op-

eration.  If DNV succeeds, a weld procedure specification can be developed solely from 

the result given by the weld simulation with only a few experimental welding proce-

dures to verify the result. This will result in less welding operations and a more precise 

WPS which leads to a more environmentally friendly and energy efficient practice.  

In “Welding Journal 89(11): 40–45” an example of the cost of trial and error was 

presented. During the construction of an 8000-ton an estimate of 16 000 labour hours 

where allocated to straighten out weld induced distortions, resulting in millions of SEK 

to correct the problem. This problem originates from poor welding procedures which 

were developed by trial and error. This example is not unique, similar problems can be 

found in almost every production environment which utilises welding as a production 

method. Problems such as these can be avoided in the future with the use of welding 

simulations. 

The motion control program has been developed for the past 10 weeks by a Master 

student at University West named Andreas Nilsson and have been a part of his thesis in 

mechanical engineering. 

He believes that the effort DNV is putting into simulations of welding procedures is 

interesting. 

 

- “I believe that this is the future of developing WPS since it can be used instead of 

performing actual experimental welding procedures with a short lead time. With 

powerful computers dozens of simulations can be performed simultaneously without 

any other consumables than the electricity from the computers. This also makes it an 

economically and environmentally viably alternative to performing actual welding 

procedures.” 

 

Simulations of welding procedures have also shown to be a good alternative in haz-

ardous environments such as, gas, oil, deep sea and nuclear industries. Due to the high 

risks in these environments a second try to weld may not be an alternative. Welding 

simulations are then a useful tool to ensure safety. 


