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Abstract
A numerical model of a welded plate was created in ABAQUS software. The distribution of temperature depending
on time was compared with experimental data. The stainless steel plate (type 321) was welded by shield metal arc
(SMAW) and tungsten inert gas (TIG) welding methods. The temperature on the surface of the plate was recorded by
several thermocouples and thermal imaging camera.
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1. INTRODUCTION

Numerical simulation of a welding process is a com-
plex issue and it has been a major topic in weld-
ing research. There are many methods to describe
a welding process in ABAQUS software, e.g. arti-
cles [1] and [2]. This paper describes creating a nu-
merical model of welding plate in ABAQUS by using
the Abaqus welding interface (AWI) plugin. Thermal
analysis of this model was done and numerical results
of the thermal analysis were validated with experi-
mental data. Thus the temperature distribution in
the whole welded plate was obtained.

2. EXPERIMENT

The plate was joined by a double-V butt weld. The
size of the plate was 350 x 324 x 20, the scheme of
the plate is illustrated in figure 1.

Fig. 1. Scheme of welded plate with dimensions.

The base material of the plate was stainless steel
1.4541 (type 321). The plate was welded by two meth-
ods. First four beads were welded by TIG method
and the other beads were welded by SMAW method
(fig. 2). Twelve beads were made in total.

Fig. 2. Structure of welding beads.

Welding process was recorded with five thermo-
couples and thermal imaging camera. Thermocouples
were installed into small hollows, which were drilled
into the one side of the specimen (fig. 3). Ther-
mocouples were in contact with the specimen surface
only when the specimen side with hollows was on a
top. Thermal imaging camera was recording surface
temperature during whole welding process.

Fig. 3. Installation of thermocouples on specimen sur-
face.

3. NUMERICAL SIMULATION

Numerical analysis was made in ABAQUS software.
The dimensions of the plate model were created ac-
cording to the specimen. Base and filler metal were
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created as one part with uniform material proper-
ties. The model was partitioned into several cells.
More precisely, the filler metal was divided into twelve
beads and each one of beads was divided into 28
chunks (fig. 4).

Fig. 4. The Partition model, green is base metal, each
one of beads is colored and is divided into 28 chunks.

All elements which represent filler material were
deactivated in the first time step. Boundary condi-
tion (heat transfer) was applied on elements which
are in contact with the first chunk in the second step.
The first chunk was reactivated and boundary con-
dition was simultaneously deactivated in the third
step. The second and the third steps were repeated
for each chunk. There are 684 steps in the model in
total. Time of each step was adjusted according to
travel speed of a torch. The deactivation and reacti-
vation were made by using MODEL CHANGE in the
INTERACTION MODUL. The boundary condition
magnitude was set to a melting temperature of the
material 1400 ◦C [3].

The predefined initial temperature for base metal
was set to 24 ◦C and for filler metal was set to
1400 ◦C. Surface film condition and surface radia-
tion were set in each step. The material emissivity
was set to 0.9. Film coefficient was adjusted accord-
ing to recorded temperature by thermocouples. Am-
bient temperature was set to 24 ◦C. Creating steps
and setting parameters were made via AWI plug-in,
which is available on SIMULIA official website.

Temperature dependent material properties like
conductivity, density and specific heat were obtained
from the database of materials properties for stainless
steel 1.4541 (type 321) [3].

4. RESULTS OF CALCULATION
The temperature distribution in the whole plate dur-
ing welding process was calculated. The temperature
distribution, when first bead is being added, is showed
in figure 5.

Fig. 5. The temperature distribution, when first bead is
being added.

The film coefficient was adjusted to 25 [W/m2K].
The temperature development at the local point,
where one of the thermocouples was installed, is pre-
sented in figure 6. The green line is the recorded
temperature from experiment and the red line is cal-
culated temperature.

Fig. 6. The temperature development at place, where one
of the thermocouples was installed.

5. CONCLUSION

The film coefficient was adjusted as constant, the
value of constant was 25 [W/m2K]. Calculated tem-
perature distributing in plate fits recorded temper-
ature by thermocouples, but better correspondence
between numerical result and experiment data would
be probably obtained, if the film coefficient was tem-
perature dependent. Temperature distribution will
be used to calculate residual stresses in the welded
plate.
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