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Abstract. The current investigation also used a numerical simulation run on a sample of an automated
mild steel welded joint. The current numerical simulation includes a Gaussian-derived conical moving
temperature source. Additionally, with a few small adjustments, the robot uses ANSYS to do thermally
mechanical weld testing. Considering the mild steel's thermal and physical characteristics that affect the
thermal conductivity of welding. We investigated how the parameters of the robotic arc welding process
affected the shape of the weld bead and defined the analysis of temperature distribution using those
factors. These variables included welding temperature, welding speed, and welding current. The
distribution of temperature produced from numerical data is related to the experimental results. This form
is an accurate approximation because it closely matches the outcomes of the weld zone profile's numerical
simulation. Increased average power and slower welding speeds will result in higher peak temperature
increases. For welding, the lowest temperature is 320 degrees Celsius at 27 millimetres per second and
the highest temperature is 35 millimetres per second with an average power of 120 amps, according to
measurements.

Keywords: Robotic Arc Welding, Numerical Simulation, Temperature Distribution, welded joint, ANSYS, welding
current, welding speed, and welding temperature.

1. Introduction

High-density welding can be done using robots because of their smoothness, accuracy, and
efficiency. Numerical simulation has been created in this subject due to the complexity of robotic
welding techniques and the necessity to better understand physical events occurring during the
welding process. An automated method of welding, robotic welding, connects a wide variety of
materials, both similar and different, without the need for human interaction. Robot welding has
become a key area of study for a number of scholars during the past decade. The temperature profile
and weld geometry were anticipated by the analysis and numerical simulation procedure for robotic

arc welding. In response to new technologies and a growing need for development, the robotics
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system began to change. An increasing number of manufacturers and researchers are looking at the
design, control, and sensing capabilities of arc welding robots. The robot's ability to sense is another
key component in the creation of an arc welding system. The parameters will be read by the centre
welding sensor, and then an Optical Signal, Voltage, and Current will be interpreted from them.
Welding always results in the formation of a localized coalescence, often known as a permanent
joint, regardless of whether or not the filler material is put in conjunction with a separate filing joint.
In most cases, the links are lined with the use of fasteners. On the basis of the heat source, Rosenthal
has established an analysis method for the temperature distribution of welded joints. As long as the
melting point is not exceeded by 30%, Rosenthal solutions are reliable. [1]. ANSYS APDL was
used to create a three-dimensional heat flow model and investigate pulsed laser welding. [2-3] Laser
welding 10mm thick 304L plates with a 15kW laser beam was tested for residual stresses. The laser
welding temperature and tension were simulated using ABAQUS. Transient thermal analysis was
used by [4] to mimic laser beam welding used FEA codes to compare experimental results for
different laser welding process parameters, and the measurement of the temperature profile and weld
geometry bead length and penetration depth) used finite element and finite differential weld
temperature-geometric distribution methods to simulate laser pulse welding [5-6]. Laser spot
welding heat flow with volumetric and surface heat flow was studied by [7]. The software from
ANSYS was used to investigate TIG and laser-beam welding for INCONEL 625 and AISI316 [8].
AISI 316 and INCONEL 625 fusion zones were compared using TIG and laser welding. The 3-
dimensional FEM model mimics the distribution of the temperature of the magnesium alloy and the
shape of the laser weld beads [9—-10]. Finite element code was utilised by [11-12] to simulate 304L
pulsed-laser welding. To test the transient temperature distribution and welding perforation
geometry of AISI 304L 1.6 mm thick laser welding T-joint sheet, a FEM code was developed. In
order to create finite element patterns, the 2 mm thick, low carbon, mild stainless-steel residual
stress and temporary temperature profile were analyzed in ANSYS. The temperature decreases
quickly at first, then gradually as the thickness increases. Give an example of a finite element design
that is equivalent (Ti6Al4V) and differential (AA5754 alloy and T40 layer pure titane) for predicting
bead thermal appearance and form. Three-source laser beam welding is investigated [13-17].
Austenitic stainless steel 316L laser welding process factors are being examined in this study to see
how they affect temperature distributions and welding geometry using an ANSYS APDL assembly.
Thermal conductivity, specific heat, and density of the 1.4 mm thin 316L sheet were also examined.
A three-dimensional conical Gaussian heat source is used in this simulation. In addition to the butt
and T-joint welded constructions described above, large sophisticated Mag welded panel structures
can be used in a wide variety of other sectors. [18-20] The ISM approach for welding panel
deformations were developed. Thermal elastic polymers were used to simulate a small-scale model
for ISM measurements (TEPs) [21- 24]. A more straightforward TEP method for residual-stress
welding and deformation estimates was put forth by [25-26]. For the purpose of accelerating
measurement, the required thermal boundary conditions have not been implemented to simulate
electrode mobility with heat flow. In order to look for residues and strains in MAG butt-welded
pipes, also analyzed welded MAG lap junctions [27-30].

2. Experimentation
2.1 Numerical Simulation
2.1.1 Temperature Distribution

The transient control equation for three-dimensional heat conduction is shown in the same way
as in Eq. 1.
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A conical heat source moving at v along the y axis is thought to have a Gaussian distribution that
the welding temperature will follow. The robotic welding apparatus used in the current
experiment is shown in Fig. 1, and robotic welding procedures are shown in Fig. 2. In an
experiment, a mild steel workpiece absorbs 71.5 percent of the power while losing 40.2% of the
total power. It is anticipated that it will absorb 16.8% of the power from the top surface
temperature (Qsurf) of the welding workpiece and 48% from the material structure (Qkeyhole).
Heat is distributed on the upper surface by Equation 2.
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Qsurf derives its heat power from the plane's heat source (17.3 percent). For use in the keyhole
simulation, Eq. 3 provides the Gaussian heat flux distribution.
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Figure. 1 arc robotic welding method representation [31]
3. METHODOLGY

The experimental equipment depicted in Figure 4 is a measurement system and data processing. An
arc-welding robot was put through its paces during a trial run. Above the table, a bead of the same
size was held. The V-Groove was filled to the top with a level surface. Welding with AWS A5.1 E
6013 was performed using ASTM A 36. Scale was 6 mm in length. 90A to 110A and 27 mm/sec
welding current were used. Arduino (AT Mega 328p) was used to operate the sensors, which were
then connected to a PC for processing and storing. Analyses of continuous data are carried out by
the Arduino. A 110 A average current electrical arc weld was used to confirm the numerical
temperature simulation results of a 6 mm thick mild steel. When the temperature range is between -
40°C and 500°C, the thermostat is set at four distinct thermocouple K sites far enough away from
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the weld lines to prevent damage to the welds, when using an 8mm weld bead, a medium beam force
of 435°C, with a 27 mm/s welding speed.

1.Prepaeration: Calibration,
| robot programming, weld

r 3
- 2.Welding: seam tracking,
! welding parameters in real time

3. Analysis: Quality of weld
and testing of weld

Figure. 2 Robotic welding processes [32]

The total amount of heat that surface and volume models have added to the model is seen in Eq. 4.

Qv {:T’, Z) = (ny] + Q(Z) (‘I')

4. Results and discussions

When different values for average welding current, welding velocity, and welding temperature are
entered into ANSYS, the simulation results are as follows, mathematical computations are
performed in order to determine the temperature distribution. The robotic welding settings described
in Table 1 were used in a number of numerical simulations. Figure 5 illustrates the temperature
transients that occur during robotic arc welding of mild steel when a constant welding speed of 27
mm/s and a welding bead diameter of 10 mm are used in conjunction with varying average
temperatures ranging from 120 to 420 °C. Figure 4 depicts the influence that a peak temperature
distribution has on the mean weld strength of a weld line. This effect was created by maintaining a
constant welding speed of 27mm/s. Using a welding current ranging from 120-420 W and a velocity
of 27 mm/s, figure 8 illustrates the three-dimensional distribution of thermal conductivity. Figure 7
is a visual representation of the influence that the welding current and the weld velocity have on the
geometry of a weld bead that is 10 millimetres in diameter.

The average beam power as well as the welding speed both have an effect on the weld bead's
geometric appearance. The shape of the weld beads resembled a H when they were subjected to high
inputs (pressure speeds). The effects of temperature distribution were numerically obtained using
thermocouples of the K type, which were placed in different spots. At a welding speed of V =27
mm/s, steady-state thermal conditions, with both directed and total heat flux, and a temperature that
fluctuates on average, Figure 8 shows the distribution of the three-dimensional temperature field.
At a variety of locations (X) away from the weld line, a numerical simulation is compared to K-type
thermo-pairs' temperature effects.
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Figure. 5. Variable average temperatures in the temperature distribution between 27 and 35
mm/s along a continuous welding line
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Figure 6. For consistent welding speeds outside from the weld line, use a peak-average
temperature distribution.
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Figure 7. With a welding bead of 5 mm in diameter and a constant velocity of V =27 mm/s,
the maximum surface temperature change was 425 °C.
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Figure 9. Modeling temperature effects (X) K-type thermo-pairs should be used away from
the welding line.

5. Conclusion

Investigations were conducted into the characteristics of the robot arc welding process,
including welding temperature, welding rate, and welding current, as well as their impact on
temperature profiles, the shape and size of molten ponds, and bead geometries. The welding
temperature, welding rate, and welding current are some of these characteristics. The
numerical findings that were simulated were validated with the use of an experimental robotic
welding value that had a satisfactory agreement. The following deductions are logically
possible as a result of this investigation.

13



A rise in high temperatures will be observed if welding speed is maintained but average power
is increased. The minimum temperatures for welding are measured to be 320 degrees Celsius
at a welding speed of 27 millimetres per second with a typical welding current of 110 amps,
while the highest temperatures for welding are measured to be 35 millimetres per second with
an average power of 120 amps. The maximum temperature takes a considerable nosedive as
soon as we go away from the weld line, where it was previously stable. When the temperature
input is high enough, the geometry of the weld beads shifts into a shape that is almost identical
to an H. The greatest temperature recorded by any one of the four K-type thermocouples was
determined through the process of experiment.
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