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THE SIMULATION AND THE EXPERIMENTAL VERIFICATION OF THE
INFLUENCE OF THE TIG —- WELDING OF THE ALUMINIUM ALLOY
ALMGSI07 ON CHANGES OF THE MECHANICAL PROPERTIES IN
COMPARISON WITH THE BASIC MATERIAL

Miroslav BLATNICKY — Peter KOPAS — Milan SAGA

Abstarct:

The aim of this investigation is to evaluate the influence on fatigue behavior of the welded aluminum alloy AIMgSi07. For the

experimental measurement of fatigue of these welds, it is needed to analyse all the changes, which will occur in the weld material in
comparison with the basic material. The modern computer simulation and the experimental verification are strong tools for achievement of
the required results, for instance a change of the structure, residual stress, a range of the heat affected zone, a deformation of the workpiece

elc.
Keywords:

1. INTRODUCTION

Welding (Figure. 1, 2) as a modern, highly productive
manufacturing technology found an application almost in all
industrial departments but the requirements on the quality of
the weld joints still rise. The welded machine-parts and
constructions are normally used in the manufacturing,
despite the fact that the welds are often source of ignition of
cracks and defections, which may lead even to collapses
[1,2,3].
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Figure. 1 Schematically shown principle of the welding with
the TIG-method

The construction should be designed to be able to be used
for the whole time of the life expectancy with the certain
likelihood.
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Figure. 2 The real welding with the TIG-method
It equally leads to bigger amount of experimental so-called

validation welds, which are done before the welding of the
real machine-parts and to increasing of the direct costs.
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Figure. 3 The simulation of the TIG-welding of the
specimen created in the SysWeld program,
the temperature gradient in the time t=0,5 s

The program SysWeld developed by the ESI Group
company is based on the finite element method and it serves
for the creation of the virtual numeric simulations of the
welding (Figure. 3, 4) and of the heat treatment. The results
of numerical analyses are temperature field, a distribution of
the particular material structures, hardness in the HV units,
a size of the austenitic grain, a total plastic deformation, a
residual stresses and a global distortion of the welded units
[4,5,6].

Figure. 4 The simulation of the TIG-welding of the
specimen created in the SysWeld program, the
temperature gradient in the timet=1s

The SysWeld is also able to solve changes of the chemical
composition of the material emerging during the heating
and cooling of the material.

2. HE SIMULATION OF THE WELDING
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The following was the creation of the FEM model of the
weld of the workpiece (Figure. 5). For the solving of the
issue, computer software called SysWeld, which belongs to
the world’s top of the programs for the complete solution to
the issue of the weld joints, was used. If it was used the
same shape of the welding area as that one, which was used
during the practical welding (Figure. 6), there would be a
problem with the creation of the FEM net, when very acute
angles would arise in elements [7,10]. Therefore, the shape
of the welding area was suiTablely adapted, which, though,
does not have another influence (from technological aspect)
on the creation of the weld joint, unlike that shape, which
was used at welding. The only difference would be in more
complicated creation of the welding area on the real
workpiece. After the creation of the model, the simulation
of the welding of the workpiece was carried out. (Figure. 7).

Figure. 5 The creation of the FEM model of the weld
surface with the graduation,the simulation created in the
SysWeld program

After previous experimental measurements it was found that
it is this shape of the weld surface (Figure. 6) which is the
most appropriate geometry because of the highest achieved
tensile strength after welding of the specimens.
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Figure. 6 Selected geometry of the weld surface of the
specimen

The simulation of the welding was carried out. Temperature
in the place of the contact of the electrode and the weld at
the time t = 0, 5 s reached the amplitude 288° C. At that
time cool ends of the workpiece had temperature 44° C.
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Their heating is indirect, it arises through the conductivity,
thus lead of the heat in the material. The conductivity
depends on the coefficient of the thermal conductivity of the
material A. The more we increase the amount of the alloying
elements in an alloy, the more the thermal conductivity of
the material decreases. Aluminum itself conducts the heat
very well, what is however in this case undesirable, because
during the welding, the structure in the whole volume of the
workpiece is overheating. Time of the welding of the
workpiece was 30 seconds and of the simulation of the
welding of the workpiece likewise. During that time, weld
joint (Figure. 7) with the strength 166 MPa was created,
what was proved at the previous measuring by the tension
test [8,9].

Figure. 7 Made weld joint

The arrangement of particular temperatures immediately
after the completing of the welding is explained in the
Figure. 8. Right after the welding, the maximal temperature
was observed in the location of the weld. It has reached
410° C. The lowest temperature was at longer site of the
workpiece from the weld joint and its value was 105° C.
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Figure. 8 The temperature gradient during the welding
in the time t =30,5 s

After the production of the workpiece, only slow cooling
itself had followed so that the manipulation with the
workpiece was possible. This time was about 1 hour. The
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result of the welding is FEM model of the welded
workpiece (Figure. 9).

Figure. 9 FEM model of the welded specimen

On this analytic model the analysis for the displacement
during the welding, changes of particular phases because of
temperature and detection of the tensions at time was
carried out. In the Figure. 10 we can see displacement in the
nodes at time t = 29, 995 s, what is the time, when the
biggest displacement on the workpiece during the welding
was observed. The value of the displacement was 0,306 mm
and the location of the occurrence was in the welding area,
concretely on the limit of the meltdown.

IVARANE TYCE

Figure. 10 FEM model of the maximal total

displacements

During the welding, phases changed because of the
temperature and different chemical composition of the basic
and additional material, (Figure. 11), and those phases could
stay in the volume of the workpiece also after cooling.
Phase 1 represents the basic material, which was not
influenced by the temperature during the welding — in the
picture it is part of the workpiece with the pink coloration.
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Figure. 11 Percentage of the phase 1 at the end of the
welding of the workpiece, t=30s

After cooling to the temperature of 20° C change in the
phase 1 was observed. It is from the reason that after the
welding, weld bead still had high temperature, which,
because of conductivity, spread to the material and
influences the material by the heat (Figure. 12).

Figure. 12 Percentage of the phase 1 after cooling of the
workpiece, t =3600 s

Weld joint is created by two beads in the shape of a
halfcircle. Phase 2 represents representation of the
additional material and its influencing by the temperature in
the bead No 1. The second halfcircle represents the second
bead, which is a phase 3. After cooling, the representation
of phases 2 and 3 in the workpiece will be looking like the
Figure. 13 explains.
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Figure. 13 Percentage of the additional material in the
workpiece after cooling

The last phase in the workpiece during the welding is the
heat affected zone

(Figure. 14). It is such a zone, which was not melted down
by the given heat from the welding, but temperature field
was so huge, that the structure has been changed. This was
proved by the change of the hardness, when it decreased
unlike the basic material (Table. 1).

Figure. 14 Presentation of the heat affected zone in the
workpiece

The measurement of the hardness of the basic material, heat
affected zone and weld metal proved softening of the
material (Figure.15) by the influence of the heat input
towards basic material. Comparison of the hardness of the
basic material with the weld is more complicated, because
by the influence of the additional material which was AlISi5
alloy, change of the chemical composition occurs and so
other value can be expected. This additional material was
used because of the fact that the basic material AIMgSi07 is
an alloy which is more difficult to weld. This additional
material ensures a sufficient tensile strength of the weld
joint.
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Figure. 15 Graphic dependence of decline of AIMgSi07
material’s hardness from heating during welding

The change of the chemical composition, structure and
hardness in the place of the weld are not the only changes,

which occurs in the sample.

Tablele. 1 Hardness measuring specimen

Hardness measuring point
Basic material Heat affected Weld metal
zone

Measuri val Measuri val Measuri val
ng ue ng ue ng ue
number HB number HB number HB
W W W
1. 61 1. 52 1. 46
2. 69 2. 46 2. 48
3. 65 3. 50 3. 48

By the influence of the welding residual stresses may arose
and also the strength may decreased in regard of formation
of the cracks and other errors in the weld joint. Proof of
these is an image of the microstructure of the weld joint
(Figure. 16).

pp-41-48

Figure. 16 Microstructure of the welded joint of the
specimen

In the microstructure of the weld joint there are defects,
which cause decreasing of the strength of the sample. The
bigger is amount and size of these errors, the lower is
strength. They are different seam, cavities and inclusions.

3. CONCLUSION

In this paper the simulation of the welding of the specimen
from the aluminium alloy with the TIG - technology was
carried out. By the comparison with the basic material there
were detected changes, which arose by the influence of the
welding. One of these changes is also possible formation of
the residual stresses in the welded panel. These stresses will
be the subject of the next research and detection of their
sizes. It is important for assessment of the influence of the
welding on fatigue life of the samples, which are
manufactured for this research.
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Introduction

Modern engineering and science cannot do without computer-aided research and technologic
processes. The new journal, Studies and Materials in Applied Computer Science, is aimed at
scientists who, in their research work on diverse engineering branches, use computer science
methods in their broad sense. With that journal, it will be possible to consolidate different
engineering branches that are aided by common computer-related methods. We would like all
employees, PhD students, students and specially those who represent engineering in its broad
sense and whose research works are closely related to Applied Computer Science to feel invited to
actively cooperate with the journal. We address that invitation especially to young researches and
to leaders of scientific circles. We would like SMACS to become a forum where PhD students or
MSec. candidates publish their first papers, often together with their thesis supervisor, and thus they
enter the world of scientific activity.

The editorial staff is going to publish original papers of experts of world renown as well as young
scientists both in Polish and in English language.

An important part of our publishing programme will be special editions prepared by world-renown
authors.

We also plan to publish review papers presenting the state of knowledge in a given branch of
science as well as special papers written by most outstanding Polish and foreign scientist, who
present original, sometimes controversial attitude towards challenges that are put out to computer
science in its broad sense by the modern world. Those specially ordered papers will be published
in a series called “Meetings with Masters”. We particularly want young computer science
specialists who enter the world of science or begin their professional career to learn opinion of
well-known experts of their branch. Hence the “master-student” relationship that has been present
in science and in culture since the dawn of time will be continued by our journal.

Range of topics

e Different Computer Science branches (Artificial intelligence, Cryptology, Software
Engineering, Theoretical Computer Science, Concurrent programming, Computer
networks, etc.),

e Computer Aided Design CAX,
e Computer Aided technological process simulation,

e Simulation and modelling in science,
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Measurement data processing,
Mechatronics,

Any other computer technology applications in science and engineering.
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