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Abstract: Numerical simulations in the welding area, which work on the finite element method base, are more frequently used for design 
and optimization of welding process, prediction of deformations and distortions and final structure of weld metal. One of the most suitable 
simulation program for fusion welding simulations is the Sysweld simulation program. The submission deals with the modification and 
calibration of heat source at this simulation program as a basic premise on its fulfillment is dependent validation ability of computed results. 
Without right calibration of heat source for concrete welding method lost the simulation results their valid ability and thus utility for solving 
concrete problems. 
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1. Introduction 
Current times are characterized by increasing requirements on 

the productivity of production processes. At the same time the stress 
is laid on reduction of costs and the shortest possible developing 
phase of a new product. These requirements can be fulfilled only by 
implementing new technologies and technological procedures. 
Numerical simulation computations find their usage more often as 
an important support by implementation and optimization of new 
technologies.  

The dynamical development of computer technology in the last 
few years has markedly contributed to the development of 
numerical analyses. This is also true for the welding area, where 
numerical simulations can solve even more complex tasks by 
shorter computation times. 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. 
Welding is a highly complex technological process, where the 
resulting quality is influenced by a series of variables[4]. Sysweld 
program developed by the ESI Group is one of the most complex 
programs for welding simulations[1]. It is used in a large extent 
mainly in the automotive and aircraft industries, because of very 
high requirements concerning quality of the produced welds with 
regard to traffic safety.  

Sysweld program was used for solving calibration dilemma of 
heat source model. It is sophisticated program in light of custom so 
in way of financial. There are only few installations in the Czech 
Republic. Some of them are used to commercial purposes and rests 
of them are installed on universities and colleges. Sysweld is 
simulation program which works on finite element method base 
(FEM). This access arisen reason was to requirement of high shape 
variability and needs to solve individual subgroups of solid model 
separately[4]. That is the reason why it is there possible to use 
random shape of individual elements, comparing in case to finite 
difference method. In mathematical aspect finite element method is 
used for finding an approached solution of partial differential and 
integral equations, for example heat convection equation. 

2. Mathematical description of the heat source 
The only burden effect during numerical welding simulations is 

the thermal field distribution at several time instants. Temperature T 
(x,y,z,t) is an axis function in space and time. The exact thermal 
field determination during welding (i.e. smelt area form and size in 
particular) is the first and very important step towards the real 
determination of the appropriate material structure actual, strains 
and residual stresses[5]. Thus in relation to the welding simulations 
it is fundamental to define an accurate mathematical description of 
the heat source.  

For the prediction of a weld bath, so that it matches to real 
experiments a number of input parameters are needed from many 
different areas. This is however very demanding both from the 
economical point of view as well as the determination of a 
sufficient amount of relevant edge conditions. That is why in 
commercial simulation programs there are specific simplifications 
as regards the creation of a heat source model. When defining the 
heat source, these numerical simulations do not take into account 
the flowing in the weld bath, the influence of active elements, type 
of shield gas, wire diameter, or the changes of mode during metal 
transmission into the material.  

The impact of these parameters can be in commercial 
simulation programs partly compensated by help of modification of 
a mathematical description of the definite heat source model, or a 
connection of several different model types. Heat source models can 
be divided into three basic groups and thus: One-dimensional 
(unidimensional), Two-dimensional (bidimensional), Three-
dimensional (tridimensional)[10]. 

This division at the same time suggests the complexity of the 
process when computing the following temperature fields. At 
present time, when common hardware equipment is on sufficient 
level, three-dimensional models are mostly used. For the heat 
diffusion description in places with long-distance from the heat 
source, it is possible for practical purposes and according to the 
characteristic dimensions of the weld bath, weld type and used 
technology to identify the following types of heat sources for the 
fusion welding: 

a. Point source – in the case of deposition on thick section 
parts surfaces. 

b. Linear source – in the case of thick section plates welding, 
where it is possible to disregard the temperature gradient 
in the direction of their thickness. 

c. Planar surface – using for flash welding of rods. 

d. Planar surface with Gaussian distribution mode – comes 
out from point source and is used mainly for surface 
hardening simulation. 

e. Hemispherical surface – also comes out from the point 
source and is used for arc welding, where it reflects 
reality better than the Gaussian distribution. 

f. Ellipsoid source – enhances the hemispherical source 
where it better reflects reality. It is not used anymore. 

g. Double-ellipsoid source – in its modified form exhibits 
the best match with reality for majority of arc welding 
methods. Nowadays is used for the majority of 
commercial simulation programs. 

Volumetric source with Gaussian distribution mode, commonly 
marked as 3D Gaussian – the newest heat source for laser and 
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electron beam welding simulations. Nowadays is used for the 
majority of commercial simulation programs[2,7]. 

3. Double-ellipsoid heat source model 
This model of heat source is at present time most often used as 

pre-defined model applied in commercial welding simulation 
programs. It is a combination of two together fitted ellipsoidal, 
which have the same intersection in plane given by source location 
and vertical to welding direction. So far, this model provides the 
best description of the real state for arc welding methods. In 
contrast to other shape models used for arc welding simulations, the 
double-ellipsoid model is described by two equations, individually 
for each ellipsoid. Schematic illustration of a double-ellipsoid 
model is shown on figure 1. 

 

 

 

 

 

 

 

 

Fig. 1 Double-ellipsoid heat source model[9] 

As mentioned before, a double-ellipsoid model of the heat 
source is described by two equations (2) and (3), each of them 
belonging to one of the ellipsoids. The parameters f1, f2 decide about 
how much of overall heat produced by source goes to individual 
ellipsoids. These are invariables influencing energy flow intensity 
distribution to the material, which to a certain degree are able to 
compensate the influence of a welding torch curl. It is a common 
practice to point 60% of energy to the frontal and 40% to the rear 
ellipsoid. For f1, f2 parameters must pay at the sane tine the equation 
(1).  
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Where: 

q(x, y, ξ) - thermal flow density into the material               [ W.m-3 ] 

Q - total source power Q = U . I . η                                           [ W ] 

a, b, c1, c2 - parameters of the melting area                                [ m ] 

ξ - source location in dependence on the welding                     [ m ] 

k, l, m -  parameters enabling the                                               [ m ] 

x, y, z - point´s coordinates                                                        [ m ] 

f1, f2 - constants which influence energy flow intensity             [ m ] 

When using a double-ellipsoid model it is necessary to know 
the size of the fusion zone parameters: a, b, c1, c2. These parameters 
are determined on the basis of carried out experiments and are taken 
from the macro scratch patterns. At present time double-ellipsoid 
models of heat source in modified form are commonly used. 
Modification and calibration consists in changing of parameters k, l, 
m in exponents[10]. This way the modified and calibrated heat 
source can be used for the majority of fusion welding methods, 
besides laser, plasma and electron beam welding. The example of a 

double-ellipsoid model modification and calibration will be shown 
in the following part of this submission]. 

4. Gaussian heat source model 
A 3D Gaussian, is an example of a heat source model where its 

conical shape enables to model high energy of the welding process 
by laser or by an electron beam. From the parametric point of view 
this model is defined by means of the heat source power, radius of 
the effected surface and by the throughput depth. Mathematically it 
is possible to describe the 3D Gausian by the following equations 
(4) and (5). The equation (4) describes the heat flow density into 
material in dependence of spatial coordinate data. The equation (5) 
supplements the equation (4) by the definition of the radius change 
in the direction of the throughput depth. Figure 2 shows a schematic 
view of all the parameters needed to define this model of the heat 
source. 

 
Fig. 2 Gaussian 3D model of the heat source[3] 
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Where: 

q0 - heat flow density                   [ W.m-3 ] 

re, ri - determinate 3D Gaussian radiuses                      [ m ] 

ze, zi - determinate length of 3D Gaussian                                  [ m ] 

x, y, z - point coordinates                                                      [ m ] 

 

A three dimensional model with the Gauss heat distribution is 
used for simulations of laser welding, or of electro-beam welding. 
Except that it can be used in combination with a different heat 
source model, for example for plasma welding simulations [2,4].   

5. Example of calibration of the heat source 
For the proper heat source adjustment it is necessary to work 

with experimentally determined and measured values. It is mainly 
the overall heat Q, the parameters of fusion zone a, b, c1, c2 (see fig. 
1) and the efficiency of the heat transfer from source into material 
η. Quantities by means of which it is possible to geometrically 
modify the heat source represents coefficient in exponent k, l, m see 
equation (1) and (2) and constants influencing heat flow intensity 
distribution into material, see equation (1). 

The overall heat output Q is calculated as a product of both the 
current and voltage. Such result also needs to be multiplied by the 
heat transfer efficiency η from source into material. For the GMAW 
welding method, the efficiency of the heat transfer does not change 

(4) 

(5) 
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so much and according to standards it matches the value 0,86–
0,88[6]. 

The magnitude of values a, b can be deducted from macro-
scratch patterns (see fig. 3), where “a” matches half of the bead 
width and parameter “b” corresponds to depth of penetration. 
Parameter „c1“ defines the length of the first ellipsoid and parameter 
„c2“ length of the second (rear) ellipsoid (see fig. 4). The size of 
these parameters changes in dependence of the welding rate and 
heat power. Figure 3 and 4 show the way how to measure the size 
of these parameters a, b, c1, c2. 

 
Fig. 3 Determination method of fusion zone parameters a, b 

 

Fig. 4 Determination method of fusion zone parameters c1, c2 

As shown before in the above text, a double-ellipsoid model of 
the heat source is described by two equations (2) and (3). To make 
it possible to define on the basis of these equations the 
corresponding model of the heat source, it is important to know the 
dimensions of the melt area, but also of the source power, welding 
rate as well as the efficiency of the heat transfer from source to 
material. As an example we shown the determination of parameters 
for one weld performed on steel 11 373, with a melting electrode of 
1,2 mm in shield gas Corgon 18, sheet thickness 5 mm. 

From the macro-scratch patterns and from the weld end 
parameters a, b, c1, c2 were obtained (see fig. 3 and 4). Having 
performed scanning on the light microscope and a dimensional 
evaluation, we obtained the following dimensions (a = 3,3; b = 5,1; 
c1 = 3,4; c2 = 11.2). How are these data inserted in the computation 
file “therm.dat“, it can be seen on the figure 5. 

 
Fig. 5 Parameters a, b, c1, c2, f1, f2 in computation file “therm.dat” 

Process parameter values needed for the determination of the 
whole source power, were measured during the welding process. 
The equation (6) for computation of the whole source power is 
derived from the formula of measured input heat. The efficiency of 
the heat transfer from source to material η is set by a norm. In case 
of welding by a melting electrode in shield gas the value is 0,86–
0,88 and it changes only slightly once the value of the electric 
current decreases[6]. After substitution of values from table (table 1) 
to the equation (6), the resulting source power is 6887 W.  

ozdroj IUQ η⋅⋅=            (6) 

Where: 

Qsourc - source power            [ W ] 
U - rms voltage                         [ V ] 
I - rms current                                         [ A ] 
ηo - efficiency of heat transfer                         [ - ] 
 

Table 1: Quantity process values from experiment  

Quantity Real current Real voltage Welding rate 

Unit [ A ] [ V ] [ m.min-1 ] 

Value 292,5 27,1 0,8 

Using such determined parameters it is possible to define the 
double-ellipsoid model of the heat source. We only need to add the 
coefficients f1, f2 which influence the distribution of the energy flow 
intensity into material and select coefficients k, l, m. As stated 
before, it is a common practice to select constants f1, f2 according to 
formula (1.1), thus it will be f1 = 1,2 and f2 = 0,8, see figure 5. 

As regards the coefficients k, l, m the situation is more difficult. 
In case of using a non-calibrated model of heat source, all the 
coefficient values will be equal to 3. The non-calibrated heat source 
is useful mainly for metal arc welding simulations. In case of using 
this model for fusion welding simulations it is important to calibrate 
this model. 

The calibration consists in changing the coefficients k, l, m. The 
change of coefficients is done on the basis of experiences and is 
verified by simulation computation. For the given weld the 
coefficients k = 4,5; l = 3,7; m = 7,6 were optimized. Figure 6 
shows how these coefficients are inserted in the computation file 
“therm.dat“. 

 
Fig. 6 Coefficients k, l, m in computation file “therm.dat” 

From the figure 7 and 8 is than evident, that with such a 
modified model, that means with calibration of k, l, m coefficients 
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the simulation results are very close to real state. After this 
calibration we can thus start the whole computation of welding 
process.  

 
Fig. 7 Result of welding simulations with calibrated k, l, m parameters 
(detail of the fusion zone) 

 

 

Fig. 8 Result of welding simulations with calibrated k, l, m parameters 
(detail of the heat source movement during welding) 

6. Results and Discussion 
It is evident, that a heat source model calibration by fusion 

welding simulations has its important place in the preproduction 
phase of the proper simulation computation. Only than it is possible 
to assure a corresponding temperature field, and consequently, also 
the size of the fusion zone which corresponds to real conditions. 
The actual modification of the k, l, m coefficients is a time-
consuming process. It is important to run several control simulation 
computations with different coefficient values and thus obtain an 
overview of the values that we need to use to find final solution of 
the ideal setting up. For these computations it is enough to set a 
shorter computation time. That means, it is not necessary to run 
whole welding process but, for example, only one third. 

Concerning the heat source analysis it is recommended to 
monitor the fusion zone in the section, which is well distant from 
the beginning of welding. This way of inaccuracies different values 
can be prevented by means of a different heat transfer at the 
beginning and during the welding process[8]. Another step is setting 

up the coefficient of the heat transfer to the environment, so that it 
corresponds to real conditions, by which a weld would be 
effectuated. This concerns the tool,  the kind of material needed for 
the welding process, how the sample in this tool will be positioned, 
and in which premises the welding process will be performed, as far 
as the surface absorption and distance from walls are concerned, 
and others. Setting up of all these conditions is very important, 
wrong calibration of the heat source model can cause differences in 
the resulting stresses or distortions in ten or more of percentage 
points[4]. These are already differences, which can lead to wrong 
suggestions regarding welding procedures, and consequently to 
wrong predictions of the resulting monitored values.  

7. Conclusion 
The present submission deals with the basic principles of a 

double-ellipsoid model of heat source. Using concrete examples it 
describes the procedure of reading individual parameters of weld 
bath and their following setting into several formulas which 
characterize double-ellipsoid heat source model. The submission 
further shows the way of calibration of coefficients, which 
influences the final shape of the individual ellipsoids, meaning the 
final shape of the heat source. The submission also refers to 
possible obstacles when solving this issue, from the point of view 
the other parameters are set up, and form the point of view of 
setting up the edge conditions. 
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