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Abstract
Knowledge of temperature distribution patterns is useful in any welding process to predict the micro structure and distortion. In the current
work a 2D model has been developed to predict the thermal cycles during the Tungsten Inert Gas welding of Aluminum 2219. This paper
describes the step by step procedure adopted to get the actual cooling rate during the TIG welding process. The model was developed in the
COMSOL Finite Element Package and considered a Gaussian heat distribution. Temperature measurements were performed using Infrared
Camera. Results show a good comparison between model and experiment.

on the arm of the weld torch as shown in fig (1). The welding
was carried out in two passes. The first pass was welded
autogenously and in the second pass AA 2213 was used as
filler wire. The IR camera was focused to an area 150 mm
away from the weld torch to avoid the saturation of detector
due to the higher temperature near the weld pool region. The
schematic of the experimental setup is shown in Fig. 2.

The thermal maps produced by infrared thermal imaging
instruments are called thermographs. Thermograph is defined
as a 2D radiance function g(x,y), where x and y denotes
spatial coordinates and the value of g at any point is
proportional to the radiance of energy emitted from the scene
at that location. Traditionally, low intensities are represented
by dark shades and high intensities by bright shades. The
location of the field of view in the present study is shown
in Fig. 2. Here the work piece is moving with a velocity and
the welding torch is held stationary.

Model Description

The Heat transfer module was used in COMSOL to
create a model that combined conduction, convection and

Introduction

Automatic TIG welding is best suited in nuclear aircraft
and space industries. Mathematical modeling of welding
phenomena has become extremely popular in academic
researchers to predict process performance. The problem
investigated here is to model heat flow in semi automatic TIG
welding process. The focus has been to predict thermal
histories of welding process.FEA simulations have been the
most common numerical method and many papers have been
presented. Large complex three-dimensional simulation
models are, still rare, mainly due to the lack of computational
power. One reason is that to be able to compute the
temperature fields in the affected zone a very fine
discretization of the space variables required. Another
complexity concerns the heat transfer between the electrode
and the part to be welded. This is a complex phenomenon
with several interaction effects. The phenomenon can be
divided into three different groups, the plasma arc, the weld
pool and solid material. Modeling the plasma arc is
complicated since chemical reactions, ionizations, and
vaporizations of both electrodes and the surface of weld
pool have to be considered. Developing a model of the weld
pool is also complicated since, driven by various forces such
as surface tension forces, electromagnetic and buoyancy
forces the melted material undergoes vigorous circulation.
The weld pool surface is also strongly influenced by a drag
force that depresses the surface and induces a surface flow.
The solidification process in the liquid-solid boundary region
is also complicated to model. The numerical modeling has
done in a GUI based program called COMSOL Multiphysics.

Experimental Data

A circumferential welding was carried out between shell
and dome structure of a propellant tank. IR Camera was tied

Fig. 1 : Experimental setup
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radiation. The thermal problem is setup by specification of
the domain, material parameters, initial condition and
boundary condition. There are some assumptions made when
studying the problem, which are regarded as reasonable. The
heat source is considered as Gaussian distribution both in
space and time domain in the 2D model.

vvvvv Model Assumptions

1. The problem is reduced to find the 2-D transient
temperature field at a section normal to the weld
interface.

2. All the exterior boundaries were given convection and
radiation boundary condition.

3. A Gaussian heat distribution is assumed on both space
and time domain..

4. The temperature dependant material property functions
are not considered in this study. An analysis has been
done with aluminum 6061 alloy to verify the dependence
of temperature on material properties.

No forced convection was assumed, and the effect of
gas diffusion in the weld pool was not considered.

vvvvv Geometry and Mesh

First we started with a simplified model having a finite
width and back up plate. Later with the comparison of
experimental result we first increased the plate width, and
then added the finger clamp in three steps. The final 2D
geometry is shown in Fig. 4.  A three node triangular element
with the option of quadratic Lagrange distribution is used.

Fig. 2 : Schematic of Experimental Setup

Fig. 3 : Processed data from Raw data

vvvvv Material Properties and Boundary Condition

The material properties that have to be included in the
proposed simplified model when temperature simulations
have to be performed are specific heat, heat conductivity,
density, liquidus and solidus temperature. The variations of
thermo physical properties with temperature are not
considered due to the unavailability of data in the literature.

All FEA problems are defined in terms of initial and
boundary conditions. A typical type of initial condition for
a welding application is the initial temperature, is set to room
temperature. Since the heat transfer between the electrode
and the part to be welded is usually too complex to be
integrated in the same model, an ad hoc heat source with
parameters that are adjusted is used. We can either apply an
energy source within the part to be welded or use a surface
distribution to simulate the arc. The distribution used here is
Gaussian. This distribution was selected since it requires
fewer parameters to be calibrated.  Natural convection and
radiation were used as heat transfer boundary condition
between the part and surrounding environment. All the
internal boundaries are considered as continuous to heat
flow.

vvvvv Governing Equations and Initial Conditions

The field equation for heat conduction in 3-dimensional
solid of dimensions x, y and z is given as

The heat equation that describes the sub domain is

where T is temperature, t is time, k is thermal conductivity,
c is specific heat, ρ is density and u is speed. QΩ is the
internal heat source in our study we are not considering any
internal heat source.

Fig. 4 : Schematic of Model of Final Geometry
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l Initial Condition               T(x,y,y) = Tin

l Boundary Condition

Heat flux   

 where E is voltage, I is welding current, v is the

welding speed and
  η is the arc efficiency.

Gaussian Heat source Model

 Spatial Distribution

 Time Domain Distribution

Where  determines the weld

bead centre and 0y the weld torch centre.

First model

Solution

Fig. 5 : Comparison of Experiment and simulation result

Modification 1

Solution

Fig. 6 : Comparison of Experiment and simulation 1result
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vvvvv Solution

The solution ran for 48 seconds. The solution time is set
as 48 since the experimental data that we have is at 150 mm
away from the weld pool region. So by using the welding
speed we calculated the time duration needed for the weld
to reach the FOV. Also from the experimental data we can
calculate the time duration for which a point to cover the
FOV. The sum of these two will give the total solution time.

The time stepping used in the model was also calculated
using the IR camera frame rate. COMSOL solved the problem
using an inbuilt direct solver PARDISO.

Results and Discussion

The comparison of experimental and calculated
temperature distribution of a point on the top of the weld

Modification 2

Solution

Fig. 7 : Comparison of Experiment and simulation 2 result

Modification 3

Solution

Fig. 8 : Comparison of Experiment and simulation 3  result
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bead is shown below. We developed an algorithm using the
thermal images to find out the temperature decay on the weld
bead. Here for the comparison with the experimental data we
plotted temperature decay of three points on the weld bead.
From the initial model, Fig. 5,  itself the trend was showing
a similarity with the experimental data. The higher offset in
the first model is because of the absence of gaussian effect
in the time domain. So in the first modification Fig. 6 we
added some extra region to the base plate to account for the
large length of plate and the interior boundary of  this extra
added region is considered as a heat sink boundary
condition. But the temperature reduced significantly due to
the heat sink effect.

In second modification, Fig. 7,  instead of heat sink
boundary condition we increased the size of the base plate.
The solution improved further. But in the actual experiment
we used finger clamps for the exact fitting of the joint. The
solution after the addition of the finger clamp, Fig. 8, showed
a better comparison with the experiment.

Conclusion

The aim of the work was to create a 2D model that
would accurately predict the thermal cycles in AA2219 during
TIG welding. The weld pool region is considered as a separate
domain at the starting of the simulation process. The main
assumption was the material properties are independent of
temperature. The results produced from the model show a
good agreement with the experimental results. Even with the
initial simplified model shows the same trend but with a
greater offset. After addition of the time domain Gaussian
effect in the heat source model helps to include the preheating

and post heating effect. This model does not adequately
describe the phenomena around the heat source correctly
due to neglecting the variation of metal properties in this
area.
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