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In this present study, Aluminium Alloy material (AA7075) is selected as the investigation
material in which TIG welding process was utilized for welding and the temperature
analysis was carried out. The same was simulated using ANSYS software by finite
element technique considering the characteristics and advantage of TIG welding process
than other sources for welding of aluminium alloys. A travel heat source combined with
body loads was designed by analyzing thermal physical parameters, latent heat of fusion
of material. The weld model was created by using Solid modeling and direct generation
technique. Residual control method was taken for precise node selection. The simulation
was carried out by varying the welding speed process parameter of TIG welding and
keeping current & voltage as constant. The quasisteady state temperature field of TIG
welding was simulated with the FEA software (ANSYS) as well as experimental tests.
The main objective of this work is to compare the experimentally obtained weld bead
geometry parameters such as bead width and depth of penetration of AA7T075 welded
joint with simulated results from ANSYS software for various weld speeds. From the
results it is indentified that for the sample welded at 120 mm/min is having higher
weld bead geometry when compared to the samples welded at 130 mm/min and 140
mm/min. The lower bead geometry is obtained for the sample welded at 140 mm/min
is due to the application of less heat energy as input. Similarly for 130 mm/min lower
bead geometry is obtained because less heat energy is spent on joining. Joining of two
metals or alloys is important in every aspect of engineering which leads to welding in an
effective manner and carrying out the analysis. The experimental analysis shows that
the model is showing good agreement with the experimental results. Comparison of the
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experimental and simulated results shows the maximum deviation of 6.24 % and 6.28 %
is obtained for calculating the bead width and depth of penetration, respectively.
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1. Introduction

In Fusion welding heating was applied by the an intense heat source by which
melting and solidification of parent metals was happened and filler material was
also added if required in the localized fusion zone. These heat sources causes non
uniform temperature distributions across the joint and the parent metals. In order
to analyze the effect of heat source on the weld pool dimension, The computational
weld pool models were developed [1-4]. Some of the researchers concentrated in
predicting the weld thermal cycles and fluid flow pattern of welding process was
developed using finite element method. [5-7]. Therefore finite element was used to
analyze the compleity of welding process itself and the complex geometry of real
engineering components to predict the weld thermal cycle and corresponding flow
field which are very difficult task in experimental analysis. In related to this, the
accuracy of these quantitative calculations was mainly depend on the accuracy of
various input parameters. Since few of the input process parameters are uncertain
in nature. Hence various optimization algorithms are linked with numerical process
models to overcome these uncertainities [8].

As stated in literatures [9&10], it is very difficult to measure the temperature
at the weld pool using thermocouple, because of small of the weld pool and high
temperature developed during welding process. Therefore it is difficult to place
the thermocouple in the weld pool. These problems can be overcome using indi-
rect techniques such as infrared cameras etc. which also includes high degree of
uncertainity due to many assumptios such as associated angle and wavelength etc,
therefore it is very difficult to identify a reliable technique available for measuring
the temperature within the molten weld pool [11].

Lot of analytical solutions was developed for fusion welding using governing par-
tial differentiation of conservation of energy. In this various non linearity problems
was arising due to the temperature dependent material properties, radiant heat
transfer at the boundary and complex geometry which further creates problems in
solving these problems by analytical methods. But the analytical models are still
used in predicting the weld pool dimensions and cooling rates which can be com-
puted faster. In analytical solutions the temperature distributions was depend on
the following considerations such as weld arc as a point heat source, assumption of
constant material properties and the neglect of latent heat [12-14]. The accuracy
of the analytical solutions in predicting the transient temperature fields mainly
depends on the assumptions made in the analytical models. To overcome these
difficulties, numerical models were developed in which the distributed heat source
is considered as the Gaussian distribution in contrast to the point heat source in
which difficulties are faced in assuming the heat transfer mode. Therefore a volu-
metric heat source of ellipsoidal or double ellipsoidal shape was developed by taking
consideration of the heat transport inside the weld pool [15-17].

DebRoy et al. modelled a convective heat transport in weld pool through the
solution of continuity, momentum and energy equations. They also used three—
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dimensional heat transfer and fluid flow analysis based on finite volume method to
model heat transfer and fluid flow in weld pool [18 &19].

Durgutlu [20] has investigated the effect of hydrogen in argon as shielding gas
for TIG welding of 316L austenitic stainless steel. The microstructure, penetration
and mechanical properties were examined. The conclusion given in the investigation
was that the mean grain size in the weld metal along with its penetration depth
and width is increased with increasing hydrogen content.

Jun Yan et al. [21] studied the microstructure and mechanical properties of 304
stainless steel joints by TIG welding, laser welding and laser—TIG hybrid welding
process. Then, the tensile tests were performed and the fracture surfaces were
analysed. From the various test results, it is observed that the laser welding and
hybrid welding are suitable to weld 304 stainless steel due to their high welding
speed and excellent mechanical properties.

Sathiya et al [22] conducted an experiment on TIG welded duplex stainless steel
to investigate the role of shielding gas on metallurgical and mechanical properties.
Here, the helium and argon shielding gas were used. After performing the mechan-
ical and metallurgical testing it is observed that the He—shielded weld bead aspect
ratio is higher than Ar—shielded weld and the hardness of the weld metal is much
higher than that of the BM and HAZ for both shielding gases.

Therefore from the literatures it is identified that lot of work has been already
developed in predicting the temperature distribution of the fusion welding using var-
ious mathematical models and analytical solutions by considering various assump-
tions. The accuracy of these models is questionable due to the various assumptions.
Similarly from the literatures it is also noted that, measuring the temperature in
the weld pool using thermocouple is very difficult. The main objective of this work
is to compare the experimentally obtained weld bead geometry parameters such as
bead width and depth of penetration of AA7075 welded joint with simulated results
from ANSYS software for various weld speeds such as 120 mm/min, 130 mm/min,
140 mm/min).

2. Mathematical model

The TIG welding process simulation starts by estimating the temperature profiles
using a moving heat source because the thermal strains developed loads the welded
structure due to uncontrolled expansion and contraction which is associated with
the non-uniform temperature distribution. In this work transient thermal analysis is
considered for determining the temperatures and other thermal quantities for time
varying thermal loads. The welding process is taken as non-linear by considering
the temperature dependent material properties [1].

The mathematical formulation for three-dimensional heat conduction in a do-
main Dis given as follows (1):

0 oT 0 oT 0 oT
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% ot Y ox

(1)
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where: @ is the power generation per unit volume in the domain D, Wm™3; K,
K,, K, is the thermal conductivity in z, y, and z directions, Wm™'K~!; ¢ is the
specific heat capacity, Jkg7'K~!; p is the density of the material, kgm—3; ¢ is the
time, s; and V' is the velocity of moving source, m/s.

The initial condition is:

T(x,y,z,o) =Ty for (CE,y7z) eD (2)
The essential boundary condition is:
T<0ay7z7t> = TO (3)

On the boundary S; for (y,z) € Sy and ¢ > 0.
This condition prescribes nodal temperatures at the flow inlet. The natural bound-
ary condition can be defined by

Kng—:q+h(T—To)+as(T4—T5*) =0 (4)

On the boundary Ss for (z, y, z) S2 and ¢t > 0, where S; represents the inlet
surface; S represents those surfaces that are subjected to convection and imposed
heat fluxes; K, is the thermal conductivity normal to the surface, Wm™—!1K~1!;
q is the prescribed heat flux, Wm™2; h is the convection heat transfer coefficient,
Wm2K~!; T, is the ambient temperature, K; ¢ is the Stephan-Boltzman constant
for radiation 5.67 x 107® Wm™2 k=% and ¢ is the emissivity.

3. Material properties

Aluminium Alloy AA7075 contains 5.62 % zinc, 2.32 % magnesium and 1.28 %
copper. The addition of zinc controls the grain structure which inturn results in
stronger alloy. Aluminium alloy 7075 is a high strength alloy with excellent cor-
rosion resistance. It has the highest strength of the 7000 series alloys. Alloy 7075
is known as a structural alloy. In plate form, Aluminium alloy 7075 is the alloy
most commonly used for machining. As a relatively new alloy, the higher strength
of Aluminium alloy 7075 is used to replace 6000 series in many applications. The
maximum melting point of AA7075 is 635 ° C. The chemical composition of AA7075
is given in Tab. 1. The temperature dependent material property( thermal conduc-
tivity, specific heat and density) used in this work are given in Tab. 2 and shown
in Fig. 1 (a, b and ¢) respectively.

4. Experimental work

In this study, the size of the AA 7075 aluminium alloy base material chosen for this
investigation was 150x75x3 mm? sheets are welded to each other by automatic
TIG welding process as shown in Fig. 2 and 3.
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Figure 1 a)Temperature versus Density for AAT7075, b)Temperature versus Specific Heat,
¢)Temperature versus Thermal Conductivity (Kxx) for AA7075

Table 1 Chemical composition of AA7075 aluminium alloy (wt%)

Alloy Mg | Si Fe Cr Cu | Mn | Ti Zn Al
AA7075 | 2.32 | 0.10 | 0.30 | 0.21 | 1.28 | 0.12 | 0.02 | 5.62 | Balance
Table 2 Temperature dependent material property data for a Aluminium Alloy 7075
Sl.No. | Temperature | Thermal conductivity | Specific Heat | Density
K W/m-K J/Kg-K (g/cm?®)
1 300 121.62 862 2.810
2 400 131.69 913 2.780
3 500 140.74 955 2.760
4 600 148.75 994 2.740
) 700 155.74 1036 2.720
6 800 161.70 1084 2.696
7 900 166.63 1146 2.670
8 1000 170.53 1225 2.642
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Figure 3 Macro image of the welded samples before welding at various speeds

Table 3 Welding process parameters

Specimen | Current | Voltage | Weld Heat in- | Feed rate of | Gas flow
No. (Amps) | (V) speed put filler metal | rate
mm/min| (kJ/mm)| (mm/min) | (1/min)
Sample 1 | 170 16 120 1.360 350 12
Sample 2 | 170 16 130 1.255 350 12
Sample 3 | 170 16 140 1.165 350 12

The butt welding process was performed with 5356 filler metal at different weld
speeds. The welding process parameters are given in Tab. 3.

After welding, the samples were cooled in the air and subjected to radiography
testing. The radiography test result reveals that the welded samples are free from
defects. Three specimens were prepared from each welded samples for the welding
speeds of 120, 130 and 140 mm/min. The weld samples were cut in to pieces for
macrostructural examination to study the bead geometry as shown in Fig. 4.
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120 mm/min 130 mm'min 140 mm/min

Figure 4 Samples for macrostructural examination

5. Finite element model

In TIG welding process, the heat input applied for joining the materials sometimes
may result in serious metallurgical changes in the welded structure, which may lead
to the early failure of the component. This thermal cycle creates way for various
analyses like prediction of distortion and residual stresses, metallurgical analyses
etc. Therefore, it is necessary to study the heat flow temperature distribution in
the welded joints. The development in the computing and numerical techniques
like Finite Element Analysis (FEM) has made it possible to model complicated
configurations and loading conditions which are difficult in earlier stages. Therefore,
Computer—based simulations offer the possibility to examine the different aspects
of the process without having a physical prototype of the product [19].

In this work, the main parameters of TIG welding process are considered, and the
finite element simulation is performed using ANSYS version R.15.0. The material
used for the study is Aluminium Alloy 7075.

The material properties of Aluminium Alloy 7075 like thermal conductivity,
density and specific heat used in this work are given in Table 2 and Figures 1(a-c)
[23]. These temperature dependent material properties are taken as an input value
for this simulation work. This work was carried out by using ANSYS version R.15.0
software to simulate the temperature distribution of the weldments.

The convection film coefficient that covers the effect of convection and radiation
is obtained from the equation h = 2.41 x 10737y 1 (W/m? °C) [19]. All the
properties are considered to be temperature dependent and listed in literature

From the specific heat listed in the table, enthalpy values are calculated, taking
into account the latent heat of fusion in the melting temperature range.

5.1. Definition of boundary and initial condition

Natural convection occurs on all the surfaces of the sheet other than the bottom
surface. The region below the arc experiences forced convection due to the flow of
the shielding gas (Argon) which is supplied at 15 1/min in the experimental investi-
gation. The effect of forced convection is not taken into account in the finite element
simulation. Combined convection and radiation are considered by Vinokurov’s em-
pirical relationship:

h =241 x10"% Ty ¢ (W/m”°C) (5)
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where ¢ is the surface emissivity € = 0.285 for AA7075 Aluminium Alloy. Temper-
ature dependent values of thermal conductivity are being considered. The ambient
temperature is applied as initial temperature for the weld sheet in the transient
thermal analysis [19].

5.2. Creation of FEM Model

In this work, the model is generated using direct generation techniques in solid
modelling with the help of geometric primitives, which are fully developed lines,
areas and volume as shown in Figs. 5 and 6. The solid model is meshed using
solid70 directly. Along the depth direction one element is used. Along the welding
direction 150 divisions are made and in transverse directions 71 divisions are made
as shown in Fig. 7.

e——  Weld eledrode

150 mm

Figure 5 Geometric representation of the Weld Plate model

Figure 6 Weld plate model using ANSYS for AA7075 weldments
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Figure 7 Meshed model using ANSYS for AA7075 weldments

6. Results and discussions

The experimental work is conducted based on the chosen parameter as shown in
Tab. 3. After welding, the weld bead geometry (weld bead width and depth of
penetration) is measured and the values presented in Tab. 4, the corresponding
figures are shown in Fig. 8.

Table 4 Experimental results of weld bead geometry for AA7075 welded joints on various TIG
welding process parameter

Specimen | Current | Voltage | Weld Heat Bead Bead
No. Amps A% speed input width depth
mm/min | (kJ/mm) | (mm) (mm)
Sample 1 | 170 16 120 1.360 7.85 4.46
Sample 2 | 170 16 130 1.255 7.31 4.21
Sample 3 | 170 16 140 1.165 7.02 4.10

From Tab. 4, it is identified that maximum bead width and bead depth are
obtained for the samples welded at 120 mm/min. The samples welded at 130
mm/min and 140 mm/min have lower bead geometry than at 120 mm/min because
in the sample welded at 140 mm/min lower heat input is applied which is insufficient
and only surface melting takes place which results in distortion in the weld plate.
Similarly, the sample welded at 130 mm/min experiences low heat input in which
less heat is spent in welding. Therefore, from the experimental result it is clearly
understood that heat input plays a major role in welding in which lower heat input
affects the quality of the welded joints. Therefore, optimum heat input is preferred
in joining of metals.
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Figure 8 a) Weld bead profile for AA7075 weldments at the speed of 120 mm/min, b) Weld
bead profile for AAT075 weldments at the speed of 130 mm/min, ¢) Weld bead profile for AA7075
weldments at the speed of 140 mm/min

In the present work, it is very important to find the temperature distribution during
TIG welding process in AA7075 sheet in order to find the bead width and bead depth
of the welded joints. To attain the objective of this work, the welding speed was
varied from 120-140 mm/min with an interval of 10 mm/min and the corresponding
thermal cycles experienced on the input process varying from 1.165-1.360 kJ/mm.
The transient thermal analysis was performed using Finite Element Method. The
thermal cycles at various places from the weld and the temperature distributions for
various time intervals were analysed. From the simulated results the corresponding
weld bead geometry was also measured. The simulation work was carried out using
ANSYS R.15.0 and the results are compared with the experimental results.

The simulation of the TIG welding process in AA7075 sheet was carried out
using ANSYS R.15.0 with the following various input parameters as given in Table
3 and the results are given in Tab. 5. The simulated images for 120 mm/min are
shown in Fig. 9a, b and Fig. 10. Similarly, the simulated image of 130 mm/min is
shown in Fig. 11 and Fig. 12. The simulated image of 140 mm/min is shown in
Fig. 13 and Fig. 14.

Table 5 Simulated results of weld bead geometry for AA7075 welded joint on various TIG welding
process parameters

Specimen | Current | Voltage | Weld Heat Bead Bead
No. (Amps) | (V) speed input width depth
mm/min | (kJ/mm) | (mm) (mm)
Sample 1 | 170 16 120 1.360 7.36 4.18
Sample 2 | 170 16 130 1.255 7.02 4.03
Sample 3 | 170 16 140 1.165 6.83 3.94
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Figure 9 a)Temperature contour plot of AA7075 for bead on plate weld at 120 mm/min for

0.25 sec, b)Temperature contour plot of AA7T075 for weld bead geometry along thickness at 120
mm/min for 0.25 sec

Temperature (K)
Temperature (K)

Width plot (mm)

Depth plot (mm)

Figure 10 a) Temperature Vs Width plot of AA7075 for bead on plate weld at 120 mm/min

for 0.25 sec, b)Temperature Vs Depth plot of AA7075 for weld bead geometry thickness at 120
mm/min for 0.25 sec

The Fig. 9 shows the temperature distribution of bead on plate weld along with
the width and depth of the plate welded at 120 mm/min. and heat input of 1.360
kJ/mm applied for 0.25 sec time step at single node and the results are captured.

Fig. 10 shows the temperature versus width and depth of the welded plate
graph. In this 908 k is the melting temperature of AA7075 Aluminium alloy. From

Figure 10 (a) the bead width of 7.36 mm and Figure 10 (b) bead depth of 4.18 mm
are identified.
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a)

Figure 11 a)Temperature contour plot of AA7075 for bead on plate weld at 130 mm/min for 0.25

sec, b) Temperature contour plot of AA7075 for weld bead geometry along thickness at 130 mm/min
for 0.25 sec

Temperature (K)
Temperature (K)

Width plot (mm) Depth plot (mm)

Figure 12 a)Temperature Vs Width plot of AA7075 for bead on plate weld at 130 mm/min for
0.25 sec,a) Temperature Vs Width plot of AA7075 for bead on plate weld at 130 mm/min for 0.25

sec, b) Temperature Vs depth plot of AA7075 for weld bead geometry thickness at 130 mm/min
for 0.25 sec

Fig. 11 shows the temperature distribution of bead on plate weld along with the
width and depth of the plate welded at 130 mm/min. and heat input of 1.255
kJ/mm applied for 0.25 sec time step at single node and the results are captured.
Fig. 12 shows the temperature versus width and depth of the welded plate graph.
In this 908 k is the melting temperature of AA7075 Aluminium alloy. From Fig.
12a the bead width of 7.02 mm and Fig. 12b bead depth of 4.03 mm are identified.
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Figure 13 a)Temperature contour plot of AA7075 for bead on plate weld at 140 mm/min for 0.25

sec, b) Temperature contour plot of AA7075 for weld bead geometry along thickness at 140 mm/min
for 0.25 sec

Temperature (K)
Temperature (K

Width plot (mm) Depth plot (mm)

Figure 14 a)Temperature Vs Width plot of AA7075 for bead on plate weld at 140 mm/min for 0.25

sec, b) Temperature Vs Depth plot of AAT075 for weld bead geometry thickness at 140 mm/min
for 0.25 sec

Fig. 13 shows the temperature distribution of bead on plate weld along with the
width and depth of the plate welded at 140 mm/min. and heat input of 1.165
kJ/mm applied for 0.25 sec time step at single node and the results are captured.
Fig. 14 shows the temperature versus width and depth of the welded plate graph.
In this 908 K is the melting temperature of AA7075 Aluminium alloy. From Fig.
14a the bead width of 6.83 mm and Fig. 14b bead depth of 3.94 mm are identified.

6.1. FEM analysis versus experimental results

The weld bead geometry of AA7075 alloy is simulated using ANSYS and the arrived
results are compared with the experimental results as given in Tab. 6.

The transverse temperature plots are used for finding the depth of penetration
and the longitudinal plots are used to find the bead width of the weld bead. From
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Table 6 Comparison of Experimental results versus Simulated results of weld bead geometry for
AA7075 welded joints

Specimen | Weld Heat Bead width Bead depth
No. speed input (mm) (mm)
mm/min| (kJ/mm)

Exp | FEM| %Error | Exp | FEM | %Error
Sample 1 | 120 1.360 7.85 | 7.36 | 6.24 4.46 | 4.18 | 6.28
Sample 2 | 130 1.255 7.31 | 7.02 | 3.97 4.21 | 4.03 | 4.28
Sample 3 | 140 1.165 7.02 | 6.83 | 2.71 4.10 | 3.94 | 3.90

Tab. 6, while comparing the experimental and simulated results, the percentage of
error is very less for all the 3 trials. The maximum percentage of error is found
to be 6.28. Therefore, it is evident that the simulated bead width and bead depth
values remain almost equal compared with the experimental values.

7. Conclusion

Based on the objective of this work, a Finite Element Method based on the tran-
sient thermal elastic plastic model has been successfully developed and applied for
the welding of Aluminium Alloy 7075 sheets. The material parameters for the Alu-
minium Alloy 7075 material are assumed to be temperature dependent. The other
phenomena like distributed arc heat input, heat loss, and so forth have been ac-
counted in the model. The finite element analysis of the partially welded sheet has
been validated through experimental trials.

The developed FEM model was simulated based on the designed matrix and var-
ious temperature contours and time temperature history plots for weld bead profile
were obtained to study the effect of various weld speed on weld bead dimensions
and the following conclusions were drawn:

1. Experimentally the weld trials were conducted by varying the weld speed as
120 mm/min, 130 mm/min, 140 mm/min, and the corresponding weld bead
geometry was measured.

2. The experimental result shows that maximum bead width and bead depth
was obtained for the samples welded at 120 mm/min.

3. For the sample welded at 130 mm/min and 140 mm/min lower heat input was
applied which was insufficient. Consequently only surface melting took place
which resulted in distortion in the weld plate.

4. From the experimental results it is clearly understood that heat input plays
a major role in welding in which lower heat input affects the quality of the
welded joints. Therefore, optimum heat input is preferred in joining of metals.

5. Comparing the experimental and simulated results reveals that the percentage
of error is very less for all the 3 trials.
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6. The maximum percentage of error is found to be 6.28. Therefore, it is evident
that the simulated bead width and bead depth values remain almost equal
compared with the experimental values.

7. If the time step is varied, the temperature distribution also varies.

8. The weld bead geometry mainly depends on the optimum weld process pa-
rameter (optimum heat input). If the applied heat input either increases or
decreases from the optimum weld process parameters (optimum heat input)
for the weld bead geometry decreases.
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