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Effect of Travel Speed in Arc Welding Processes using the Finite
Element Method

Efecto de la velocidad de avance en procesos de soldadura por arco eléctrico usando
el método de elementos finitos
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Abstract

Welding is a process for joining elements commonly found at an industrial level where one of the most widely used types is the
electric arc. For its correct application, variables such as type of electrode, amperage, voltage, travel speed, polarity, type of joint,
among others, must be taken into account. In this work, the effect of travel speed was evaluated, which directly affects the mode of
metal transfer and the morphology of the weld bead, therefore, it must be correctly defined in order to satisfactorily achieve the
union of the materials. To determine its effect, the thermal profile was calculated on a plate using a finite element software. The
speed values used were taken from specifications recommended by industrial suppliers of welding consumables. Furthermore, the
simulation was performed for a butt joint, where it was assumed that the energy applied to the metal was uniform and constant over
a circular area.
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Resumen

La soldadura es un proceso de unién de elementos cominmente encontrado a nivel industrial donde uno de los tipos de mayor uso
es el de arco eléctrico. Para su correcta aplicacion se deben tener en cuenta variables como tipo de electrodo, amperaje, voltaje,
velocidad de avance, polaridad, tipo de junta, entre otras. En este trabajo se evalud el efecto de la velocidad de avance, la cual
repercute directamente en el modo de transferencia de metal y en la morfologia del cordén de soldadura, por lo tanto, se debe
definir correctamente con el fin de lograr satisfactoriamente la unién de los materiales. Para determinar su efecto se calculé el perfil
térmico en una placa mediante un software de elementos finitos. Los valores de velocidad empleados se tomaron de especificaciones
recomendadas por proveedores industriales de consumibles de soldadura. Ademas, la simulacion se realizé para una junta a tope,
donde se asumid que la energia aplicada sobre el metal era uniforme y constante sobre un drea circular.
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1 Introduction

Travel speed is one of the variables to be considered
for the correct application of welding. One of the
parameters that is affected is the micro-structure of
the fusion zone, which was studied in an AA6061
aluminum alloy joined by a laser beam. It was shown
that high travel speeds produced V-shaped ripples
and a significant amount of heterogeneous nucleation
in the axial direction [1]. Another property affected
is micro-hardness, where an analysis on laser welded
joints for Ti6Al4V titanium alloy exposed that it is
higher as the welding speed increases [2]. Another
effect found is that the corrosion performance in
dissimilar Gas Metal Arc Weld Joints of AISI 304

improves as the speed values are decreased [3].

Study of corrosion is relevant for determining the
weld performance since it can be the main cause of
failure in some applications [4]. As for the weld
bead parameters, a reduction in bead width, bead
height and penetration was found when the speed of
SS409L Gas Metal Arc Welding is increased [5].

Experimental tests are expensive and time
consuming [6, 7], so computational modeling can be
chosen for considering the effects of welding. It can
be performed by two different approaches, analytical
and numerical. The analytical approach is usually
performed using the Rosenthal equation, however,
this method induces some errors in the results since
thermal losses and latent heat are neglected [8]. This
equation is opposed to the energy release that can be
dissipated by conductive, convective and radiation
models, as well as under distortion and deformation
scenarios presented in the volumetric internal heat
generation rate variable [9]. This expression can be
seen in equation 1.
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[y 8t +pVx 8X +
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Where:

* k: Thermal conductivity [J/mm s C].

* T: Temperature in the weld [C].

* p: Density of the metal [g/mm?].

C: Specific heat of the material [J/g C].
¢ t: Time [sec].

* v,: Velocity component in the x direction
[mm/sec].

¢ x: Coordinate in the direction of the weld [mm].

* vy: Velocity component in the y-direction
[mm/sec].

* y: Coordinate in the direction transverse to the
weld [mm].

* y;: Velocity component in the z-direction
[mm/sec].

¢ 7: Coordinate in the direction normal to the
weld surface [mm)].

* S: Volumetric internal heat generation rate
[J/mm?> sec].

On the contrary, numerical methods do take these
thermal losses into account, so they are preferred
when there is a high energy input [10]. Numerical
simulations can be run by pure conduction or can
include fluid flow. When the latter is employed, it has
been shown that heat affected zones are narrower and
pool depths area greater [11]. In addition, the finite
element method [12] or the finite volume method
can be used [13]. One of the computer programs
that has proven to be useful is ANSYS, which can
run simulations that allow coupling thermal and
mechanical effects [14, 15, 16].

The effects of travel speed have been evaluated
using numerical methods, and different studies have
found similar results to the experimental ones. For
example, some investigations have determined that
increasing the travel speed will cause the maximum
temperature to decrease [17, 18]. In addition, the
temperature distribution obtained from simulations
can be used to calculate phase transformations [19].

In this work, the effect of welding travel speed
on the temperature distribution was studied. The
methodology implemented was by the finite element
method and the ANSYS software. In this case,
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ASTM A36 structural steel was chosen because it is
widely used in industry. For heat input, data were
obtained from industrial suppliers. The selected joint
was of the butt type since it is versatile and one of
the simplest to be applied.

2 Materials and methods

This section contains the methodology performed to
set up the simulations, consisting of the geometry,
the implemented mesh, the boundary conditions, and

the material properties needed to solve the problem.

2.1 Geometry

The model employed to run the simulations is
illustrated in Figure 1. It consisted of two plates
placed end-to-end, since this study was developed
for butt welding. The center line is where the arc
heat input was applied. The thickness of each plate
is 4.5 millimeters.

} ‘/ Plate 1

o o(\
2O e
We

Figure 1. Model employed for running arc welding
simulation.

2.2 Mesh

Mesh was selected using a mesh independence
study. Overall, six different meshes were evaluated
and for each one the maximum temperature was
measured. Figure 2 illustrates the variation of the
maximum temperature as the number of elements
increases. From the figure, it can be determined
that from 116640 elements the temperature variation
is negligible, so this mesh was selected for the
simulations.

The mesh employed to perform the simulations
is shown in Figure 3. It has 116640 elements
and 133497 nodes. In the central line, where the
two plates are joined, the density of elements was
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Figure 2. Variation of maximum temperature as a
function of the number of elements.

increased since there is a high temperature gradient.
The mesh was created as structured, this means
that the discretization error induced by low quality
elements is minimal.

Figure 3. Variation of maximum temperature as a
function of the number of elements.

2.3 Boundary conditions

Two boundary conditions were applied. The first
consisted of convective heat transfer from the
surfaces to the surrounding air, which was imported
from the ANSYS library. The second was the
energy input, where the parameters employed for its
calculation are listed in Table 1. The chosen travel
speeds of the applied energy were varied from 120
to 300 [mm/min]. All values related to arc welding
energy were entered using the moving heat source
extension.

2.4 Materials

The material properties were derived from the ASTM
A36 Structural Steel. Since the interest of this study
is to evaluate the effect of weld travel speed, it
was necessary to implement temperature-dependant
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properties [20]. The properties and their values used
are listed in Table 2.

Table 1. Energy input parameters over the plates

Parameter Value
Voltage 24 [V]
Current 130 [A]
Arec efficiency 0.7
Beam radius 0.005 [m]

Table 2. ASTM A36 Structural Steel properties as a
function of temperature

Thermal .
Temperature C ~ Density kg/m®  conductivity SPT/IQC CI}eat

W /mC? 8
0 7880 60 480
100 7880 50 500
200 7880 45 520
400 7760 38 650
600 7600 30 750
800 7520 25 1000
1200 7300 28 1400
1300 7250 37 1600
1550 7180 37 1700

3 Results and discussion

The effect of the travel speed was determined by the
thermal behavior calculated from the model. The
temperature values were obtained from the center
point of the bottom face of the plates, since this point
is on the face opposite to the one where the heat input
is applied. Therefore, if the fusion point is reached
there, full penetration will be guaranteed.

Figure 4 illustrates the temperature variation in the
first 50 seconds for each velocity. From the different
curves, it can be observed that the peak temperature
decreases while the welding travel speed increases,
this occurred due to the shorter time exposed to heat
input. Additionally, the travel speeds equal to 135
[mm/min] and 120 [mm/min] were the only ones that
exceeded the fusion point of ASTM A36 Structural
Steel.
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Figure 4. Temperature profiles as a function of travel
speed.

Likewise, the temperature contours were analyzed
at the time when the maximum temperature value
was reached. Figure 5 shows the five contours
obtained for each travel speed at that point. In this
case it can also be concluded that the speeds that
allow complete melting through the plate were 135
[mm/min] and 120 [mm/min]. However, the speed
that would be defined as optimum would be 120
[mm/min], since this has a smaller heat affected
zone.
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Figure 5. Temperature contour plots for each travel
speed.

4 Conclusion

The modeling of the thermal behavior when an
electric arc welding process is applied was simulated
using ANSYS software. It was possible to simulate
the temperature variation in the center of the bottom
face of the geometry. When the travel speed was
300 [mm/min] the maximum temperature reached
was 1043.3 [C] and when it was decreased to
120 [mm/min] the maximum value calculated was
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1690.7 [C]. Because of this, it was conceivable to
conclude that the increase in the travel speed causes
a decrease in the maximum temperature. This must
be considered, since in order to properly weld the
two plates, the melting point must be exceeded on
both the upper and lower faces.

The temperature contours of the different
velocities were compared. It could be determined
that of the velocities that managed to exceed the
melting point, 120 and 135 [mm/min], the one with
the lowest value is the optimum. This is because
continuing to increase the speed would only enlarge
the heat-affected zone.

This work demonstrated the usefulness of
computational methods in the study of thermal
In this case,
the travel speed was evaluated, however, it is
also possible to study more variables such as the
geometry or the applied energy.

effects when welding is applied.

Acknowledgements

This work was supported by Ministerio de Ciencia,
Tecnologia e Innovacién of Colombia, through the
call for the strengthening of vocations and training
in CTel for economic reactivation in the framework
of post-pandemic 2020.

References

[1] A. Faye, Y. Balcaen, L. Lacroix, and
J. Alexis, “Effects of welding parameters on
the microstructure and mechanical properties
of the AA6061 aluminium alloy joined by a
Yb: YAG laser beam,” Journal of Advanced
Joining Processes, vol. 3, no. November 2020,
p- 100047, jun 2021. [Online]. Available:
https://linkinghub.elsevier.com/retrieve/pii/S
2666330921000078

[2] Z. zhen Xu, Z. giang Dong, Z. hui Yu,
W. ke Wang, and J. xun Zhang, “Relationships
between microhardness, microstructure, and
grain orientation in laser-welded joints with
different welding speeds for Ti6Al4V titanium
alloy,” Transactions of Nonferrous Metals
Society of China (English Edition), vol. 30,
no. 5, pp. 1277-1289, 2020. [Online].

(3]

Available: http://dx.doi.org/10.1016/S1003-6
326(20)65295-5

T. Abioye, O. Ariwoola, T. Ogedengbe,
P. Farayibi, and O. Gbadeyan, “Effects of
Welding Speed on the Microstructure and
Corrosion Behavior of Dissimilar Gas Metal
Arc Weld Joints of AISI 304 Stainless Steel
and Low Carbon Steel,” Materials Today:
Proceedings, vol. 17, pp. 871-877, 2019.
[Online]. Available: https://doi.org/10.1016/].
matpr.2019.06.383https://linkinghub.elsevier.
com/retrieve/pii/S2214785319317535

C. M. Franco-Rendén, H. Leén-Henao, A.D.
Bedoya-Zapata, J. F. Santa, and J. E. Giraldo B.,
“Failure analysis of fillet welds with premature
corrosion in 316L stainless steel slide gates
using constitution diagrams,” Revista UIS
Ingenierias, vol. 19, no. 2, pp. 141-148, 2020.

S. Kumar Gupta, S. Mehrotra, A. Ravi Raja,
M. Vashista, and M. Khan Yusufzai, “Effect Of
Welding Speed On Weld Bead Geometry And
Percentage Dilution In Gas Metal Arc Welding
Of SS409L,” Materials Today: Proceedings,
vol. 18, pp. 5032-5039, 2019. [Online].
Available: https://doi.org/10.1016/j.matpr.20
19.07.497https://linkinghub.elsevier.com/retr
ieve/pii/S2214785319326835

O. M. Castellanos, A. M. Moreno-uribe, S. A.
Ramén-ramén, J. L. Jacome, U. Federal, D. M.
Gerais, and B. Correos, “Evaluacion de la
transferencia metélica y estabilidad del proceso
GMAW Evaluation of the metal transfer and
stability of GMAW process,” Revista UIS
Ingenierias, vol. 20, no. 3, pp. 47-60, 2021.

R. Fernandes-Lara, A. M. Moreno-Uribe, and
A. Q. Bracarense, “Development of a hatch
system for the determination of diffusible
hydrogen in underwater welding,” Respuestas,
vol. 25, no. 1, pp. 168-177, jan 2020. [Online].
Available: https://revistas.ufps.edu.co/index.p
hp/respuestas/article/view/2433

H. Hekmatjou, Z. Zeng, J. Shen, J. P. Oliveira,
and H. Naffakh-Moosavy, “A Comparative
Study of Analytical Rosenthal, Finite Element,

Revista Ciencia en Desarrollo, Vol. 12 No. 2, Julio-Diciembre de 2021 71


https://linkinghub.elsevier.com/retrieve/pii/S2666330921000078
https://linkinghub.elsevier.com/retrieve/pii/S2666330921000078
http://dx.doi.org/10.1016/S1003-6326(20)65295-5
http://dx.doi.org/10.1016/S1003-6326(20)65295-5
https://doi.org/10.1016/j.matpr.2019.06.383 https://linkinghub.elsevier.com/retrieve/pii/S2214785319317535
https://doi.org/10.1016/j.matpr.2019.06.383 https://linkinghub.elsevier.com/retrieve/pii/S2214785319317535
https://doi.org/10.1016/j.matpr.2019.06.383 https://linkinghub.elsevier.com/retrieve/pii/S2214785319317535
https://doi.org/10.1016/j.matpr.2019.07.497 https://linkinghub.elsevier.com/retrieve/pii/S2214785319326835
https://doi.org/10.1016/j.matpr.2019.07.497 https://linkinghub.elsevier.com/retrieve/pii/S2214785319326835
https://doi.org/10.1016/j.matpr.2019.07.497 https://linkinghub.elsevier.com/retrieve/pii/S2214785319326835
https://revistas.ufps.edu.co/index.php/respuestas/article/view/2433
https://revistas.ufps.edu.co/index.php/respuestas/article/view/2433

Rojas Nova et al.

[10]

[11]

[12]

[13]

[14]

and Experimental Approaches in Laser
Welding of AA5456 Alloy,” Metals, vol. 10,
no. 4, p. 436, mar 2020. [Online]. Available:
https://www.mdpi.com/2075-4701/10/4/436

S. Kou, Transport Phenomena and Materials
Processing, 1996.

P. Promoppatum, S.-C. Yao, P. C. Pistorius, and
A. D. Rollett, “A Comprehensive Comparison
of the Analytical and Numerical Prediction
of the Thermal History and Solidification
Microstructure of Inconel 718 Products Made
by Laser Powder-Bed Fusion,” Engineering,
vol. 3, no. 5, pp. 685-694, oct 2017. [Online].
Available: http://dx.doi.org/10.1016/J.ENG.2
017.05.023https://linkinghub.elsevier.com/re
trieve/pii/S2095809917307208

M. Sundar, A. K. Nath, D. K. Bandyopadhyay,
S. P. Chaudhuri, P. K. Dey, and D. Misra, “Nu-
merical simulation of melting and solidification
in laser welding of mild steel,” International
Journal of Computational Materials Science
and Surface Engineering, vol. 1, no. 6, pp. 717-
733, 2007.

A. Anca, A. Cardona, J. Risso, and V. D.
Fachinotti, “Finite element modeling of
welding processes,” Applied Mathematical
Modelling, vol. 35, no. 2, pp. 688-707, feb
2011. [Online]. Available: https://linkinghub.e
Isevier.com/retrieve/pii/S0307904X 10002751

G. A. Taylor, M. Hughes, N. Strusevich, and
K. Pericleous, “Finite volume methods applied
to the computational modelling of welding
phenomena,” Applied Mathematical Modelling,
vol. 26, no. 2, pp. 311-322, feb 2002. [Online].
Auvailable: https://linkinghub.elsevier.com/retr
ieve/pii/S0307904X01000634

E. Ranjbarnodeh, S. Serajzadeh, A. H. Kokabi,
and A. Fischer, “Prediction of temperature
distribution in dissimilar arc welding of
stainless steel to carbon steel,” Proceedings of
the Institution of Mechanical Engineers, Part

[15]

[16]

[17]

[18]

[19]

[20]

B: Journal of Engineering Manufacture, vol.
226, no. 1, pp. 117-125, 2012.

M. Farajpour and E. Ranjbarnodeh, “Finite
element simulation of welding distortion
in dissimilar joint by inherent deformation
method,” Soldagem e Inspecao, vol. 23, no. 1,
pp. 60-72, 2018.

M. S. S. Rathod, S. P. Gaikwad, and N. S.
Katikar, “Finite Element Model for the Effect
of Heat Input and Speed on Residual Stress
during Welding,” International Journal of
Application or Innovation in Engineering and
Management (IJAIEM), vol. 2, no. 8, pp. 236—
241, 2013.

M. Morakabiyan Esfahani, A. Farzadi, and
S. R. Alavi Zaree, “Effect of Welding
Speed on Gas Metal Arc Weld Pool in
Commercially Pure Aluminum: Theoretically
and Experimentally,” Russian Journal of Non-
Ferrous Metals, vol. 59, no. 1, pp. 82-92, 2018.

M. Bin, “Thermal simulation of different
welding speed and metal thickness for butt-
joint welding with Ansys,” Ph.D. dissertation,
Universiti Teknologi Petronas, 2015.

J. Winczek, M. Gucwa, and K. Makles,
“Analysis of thermal cycles and phase
transformations during multi-pass arc weld
surfacing of steel casts taking into account heat
of the weld,” Journal of Applied Mathematics
and Computational Mechanics, vol. 17, no. 1,
pp- 89-100, mar 2018. [Online]. Available:
http://www.amcm.pcz.pl/?id=view&volume=
17&issue=1&article=9

S. Nadimi, R. Khoushehme, B. Rohani, and
A. Mostafapou, “Investigation and Analysis
of Weld Induced Residual Stresses in Two
Dissimilar Pipes by Finite Element Modeling,”
Journal of Applied Sciences, vol. 8, no. 6,
pp- 1014-1020, mar 2008. [Online]. Available:
https://www.scialert.net/abstract/?doi=jas.200
8.1014.1020

72 Revista Ciencia en Desarrollo, Vol. 12 No. 2, Julio-Diciembre de 2021


https://www.mdpi.com/2075-4701/10/4/436
http://dx.doi.org/10.1016/J.ENG.2017.05.023 https://linkinghub.elsevier.com/retrieve/pii/S2095809917307208
http://dx.doi.org/10.1016/J.ENG.2017.05.023 https://linkinghub.elsevier.com/retrieve/pii/S2095809917307208
http://dx.doi.org/10.1016/J.ENG.2017.05.023 https://linkinghub.elsevier.com/retrieve/pii/S2095809917307208
https://linkinghub.elsevier.com/retrieve/pii/S0307904X10002751
https://linkinghub.elsevier.com/retrieve/pii/S0307904X10002751
https://linkinghub.elsevier.com/retrieve/pii/S0307904X01000634
https://linkinghub.elsevier.com/retrieve/pii/S0307904X01000634
http://www.amcm.pcz.pl/?id=view&volume=17&issue=1&article=9
http://www.amcm.pcz.pl/?id=view&volume=17&issue=1&article=9
https://www.scialert.net/abstract/?doi=jas.2008.1014.1020
https://www.scialert.net/abstract/?doi=jas.2008.1014.1020

	Introduction
	Materials and methods
	Geometry
	Mesh
	Boundary conditions
	Materials

	Results and discussion
	Conclusion

