
114

INTRODUCTION

Fusion welding is the operation of heating 
two or more materials to a melting point for join-
ing or integrating them to make one piece. The 
pressure applied is not required in this operation. 
The welding rig generates the heat that melt the 
material surfaces and joins them together. Fu-
sion welding can be classified according to the 
heat sources. Arc welding is the most common 
and popular type of fusion welding process it is 
divided into two types TIG and MIG. For thin 

plate-like aluminum 6061, the TIG process can 
be used smoothly and easily. There is a dearth 
of knowledge regarding TIG welding of alumi-
num alloys AA6061-T6 in documented literature. 
Many researchers studied the parameters used in 
the welding process such as (gas flow rate, axi-
al force, welding current, welding voltage, time 
used during welding, rotational speed) which 
have a significant impact on refining grain in the 
fusion area and weld bead geometry for improv-
ing both physical and mechanical behavior of fu-
sion welded joint [1–4]. DOE of the experiment 
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design is the most effective way in predicting the 
experiments used in the fusion welding process. 
Currently, more studies are concentrating with 
the description of the metal sheet microstructure 
and the investigation of the mechanical charac-
teristics for similar or dissimilar sheet metal with 
lap junction, butt joints using friction stir welding 
(Mic) [5–9], A-TIG welded[10], the use of laser 
welding [11] and laser-TIG welding. both hybrid 
& electron beam welding [12, 13]. For instance, 
considering that weld operations entail the speed 
rate of the tool, the speed of the weld, the rota-
tional speed, etc.

Various type of optimization method is used 
to find the relationship between input and output 
parameters. The most common way for finding 
the optimal properties is by using response sur-
face methodology (RSM) Taguchi method [14–
18]. Adalarasan and Santhanakumar performed 
welding tests on AA6061-T6 alloy. The alloy is 
composed of Taguchi orthogonal L9 array. The 
authors utilizing grey relational analysis to inves-
tigate the impact of welding parameter. The input 
parameters included arc voltage that is ranged 
(17 V to 24 V), current ranged (160 A to 180 A), 
welding speed ranged (90 mm/min to 110 mm/
min), and gas flow rate ranged (9 lit/h to 14 lit/h). 
It was discovered that current is more significant 
than mechanical properties by 47%, followed by 
arc voltage by 35%, [19].

 Khoshroyan and Darvazi [20], [21]used ex-
amined the distribution of the heat and remain-
ing stress in aluminum 6061-T6 using ANSYS 
software, during MIG welding. Fluxes were not 
used in this study, and the only factors considered 
were welding speed and current. Meanwhile, Pk 
et al. [22] focused on enhancing the mechanical 
properties of TIG-welded aluminum 6061-SiC 
composite. In this study, fluxes were homoge-
nized and aged at temperatures of 100°C, 150°C, 
and 200°C. The specimen that had been aged and 
blended under laboratory circumstances exhib-
ited the highest hardness and the lowest tensile 
strength, according to the results.

Ajezi-Sardroud et al. investigated methods 
for enhancing the penetration depth and physical 
characteristics of the weld zone in aluminum al-
loy 6061-T6 using active fluxes containing tita-
nium oxide (TiO2) and silicon oxide (SiO2) during 
(TIG) welding. The active fluxes, which ranged in 
concentration from 2.5% to 10% by weight, were 
added to the welding process. Mechanical proper-
ties were evaluated through micro-Vickers tensile 

experiments. The results showed that the material 
with the greatest tensile strength was observed 
in the base metal, but in the welded samples, the 
active flux containing 10% TiO2 produced the 
greatest tensile strength. The use of titanium ac-
tive flux resulted in a tensile strength ratio of 90% 
compared to the mode without flux[23]

Reda, et al investigated the mechanical, ther-
mal, metallurgical and aspects of TIG welding of 
Ti-6Al-4V alloys. They performed a 3D transient 
finite element method simulation to predict how 
welding current influences heat input, weld bead 
geometry and residual stresses along the weld 
line. They then validated the FEM simulation by 
comparing it with experimental data on tempera-
ture distribution and weld bead geometry. Finally, 
they conducted an experimental study to examine 
the impact of an appropriate range of TIG welding 
current (130-170 A, as predicted by the FEM sim-
ulation) on its microstructure, micro-hardness, and 
its tensile strength of a 12-mm-thick alloy plate. 
The experimental results matched well with the 
FEM simulation data. The researchers discovered 
that employing a modest weld current of 130A re-
sults in a higher tensile strength and greater rigid-
ity of the weld joint due to its lower heat input, 
higher cooling rate, and finer formation [24]. 

The purpose of this paper is to weld AA6061-
T6 alloy using the Taguchi method and TIG weld-
ing procedure parameters. During the welding 
procedure, process parameters such as (current, 
speed, and gas flow) were varied. The research 
involved three major phases. First, a numerical 
model simulating the Tungsten Inert Gas weld-
ing procedure of 6061-T6 aluminum alloy was 
developed using the Ansys software. A moving 
heat source was incorporated in the finite element 
method heat source model to create an accurate 
simulation of the procedure of arc welding. Sec-
ond, based on the FEM simulation results, the ap-
propriate welding current range was determined 
and verified experimentally to validate the simu-
lation by comparing it to experimental tempera-
ture measurements and weld bead geometries. 
Finally, the effects of the welding process on the 
microstructure and mechanical properties, spe-
cifically hardness enhancement, of AA6061-T6 
welding joints were studied experimentally. Also 
performed were analysis of variance (ANOVA), 
S/N ratio analysis, and regression analysis.

TIG welding is a process with multiple inputs 
and multiple outputs. To obtain a joint using weld-
ing that conforms to the specified parameters, it 
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is necessary to ascertain the input parameters for 
every newly welded product. There are numer-
ous Input parameters for TIG welding techniques 
that significantly influence the integrity of a weld 
joint. These parameters were determined based 
on the parameters of the welding machine used in 
the experiments and previous practical efforts in 
selecting the best three parameters with two-level 
and an average third-level value for these param-
eters that affect the geometry of the weld joint and 
produce the best welding results. These param-
eters with levels include welding current of 90A, 
95A, 100A, welding speed of 60 mm/min,80 mm/
min,100 mm/min, and gas flow rate.The novelty 
of the work is concentrated on the analysis of vari-
ance (ANOVA), S/N ratio analysis, and regres-
sion analysis for the executed tests on the welded 
specimens. And to assist in the fast and inexpen-
sive production of excellent products. The current 
project focuses on process parameter optimization 
when welding with a TIG Al6061 alloy.

MATERIALS AND METHOD

The experimental procedure is the set of steps 
that were followed during the testing and analy-
sis of the (TIG) welding parameters for 6061T6 
aluminum alloy. It includes the preparation of the 
welding samples, the setup of the welding equip-
ment, the selection and adjustment of the welding 
parameters, and the execution of the welding pro-
cess as shown in the Figure 1 represent the Weld-
ing Machine used in Experimental work and Fig-
ure 2. shows TIG Welding line shape formed in the 
welding sheet of aluminum piece. The procedure 
also involves the recording of various welding in-
puts parameters such as welding current, welding 
speed, gas flow rate, and electrode type. Figure3 
shows the shape of the designed welding lines and 
their butt joints after welding operations. The col-
lected data is then analyzed and evaluated to de-
termine the optimal TIG welding parameters for 
6061-T6 aluminum alloy. Clearly demonstrates in 
Figure 4. Using a mechanical machining process, 
6061-T6 aluminum alloy sheets with a thickness 
of 3 mm were cut to the needed dimensions of 60 
× 80 mm for use as the experimental base metal in 
this analysis. All surfaces are washed to remove 
oxides, grime, and rust prior to welding. Table 1 
and Table 2 demonstrate the mechanical properties 
and chemical composition of 6061-T6 Aluminum 
alloys, respectively. For welding alloy 6061-T6 

aluminum, ER 4043 welding wire with a 2.5 mm 
diameter was utilized as filler material. This weld-
ing wire, containing 5% silicon, is generally pre-
ferred due to its superior flow ability, crack resis-
tance, ease of welding, and aesthetic weld results. 
However, the suitability of this welding wire de-
pends on the particular application, as it has both 
advantages and disadvantages. Compared to other 
wires that are suitable for the same base metal, ER 
4043 is less prone to smut formation and crater the 
cracking, and it exhibits reduced crack sensitivity, 
making it an ideal choice to avoid stress corrosion 
cracking. Table 3 displays the results of the chemi-
cal examination of the electrode welding.

Fig. 1. Welding tig machine Beam-
350 used in experimental work
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Taguchi’s design 

The Taguchi process method is a collection of 
mathematical engineering models. This technique 
is used for finding the best models [25], saving 
money and time. Using the MINITAB application, 
which performs by employing the S/N ratio, and 
then performing and evaluating the findings. The 
equation below, written as, [26] displays the (S/N). 

	

 

S/N =  −10log10 (1
n ∑ ( 1

yi
2) n

i=1 )  

 
	

(1)

where: N – refers to the number of observations, y 
refers to data used experimentally. Tagu-
chi L9 in the current work. Orthogonal ar-
rays are used to identify optimal welding 
parameters. Tables 4 and Table 5 illustrate 
the details of welding parameters.

The fluorescence of X-rays is a nondestruc-
tive technique for determining the elemental 

composition of alloys, was utilized in the anal-
ysis to determine the chemical structure of the 
metal. By detecting the X-ray fluorescence that 
a sample triggered by an X-ray source emits, 
sample chemistry can be ascertained. Each 
component of the sample emits a unique set of 
fluorescence from X-rays that is unique to that 
component. Five samples of base metal were 
used to measure the mechanical characteristics 
from the tensile test, and they were compared 
to the reference sheet.

Temperature distribution in welding 
sheets by ANSYS method

This study included obtaining the geometry 
of the three weld areas, especially the melting 
area, by the thermal distribution represented 
by the temperatures of all areas in all welds, 
using the ANSYS program for sheets made of 
aluminum alloys 6061-T6 in the TIG welding 
process. It was assumed that the thermal prop-
erties of the sheets, filler weld material, and 
heat affected zone (HAZ) were the same and 
dependent on temperature. A 3D model of a 
butt-weld joint of two plates was simulated. 
The ANSYS Workbench software was utilized 
to conduct thermal analysis and the tempera-
ture distribution in the butt-welding sheets 
weldments. The triangular surface meshing 
was selected for the model to obtain better re-
sults and transient thermal analysis was con-
ducted for the simulation. Figure 5 presents 
the geometric representation, and identical 
mesh of the analyzed work piece, which are 
significant factors affecting the precision and 
concourse of )FEM( simulation data results. 
The element number type, mesh size in vari-
ous regions, and the density of the mesh also 
play a crucial role in this regard.

Hardness test

The Vickers hardness test is a non-de-
structive method used to compute a material’s 
hardness by pressing a diamond indenter into 
its surface with a specific load and measur-
ing the indentation’s size. This provides use-
ful information about a material’s resistance 
to denting and cracking at the microscopic 
level [29]. Test of (Hv) micro- hardness can 
be used to find the average Hv of the base 
metal of AA6061-T6 alloy at approximately 

Fig. 2. TIG welding line shape formed in 
the welding sheet of aluminum piece
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Fig. 3. Butt joints geometries after welding operations

10 points along the cross-sectional centerline 
of the weld using a micro hardness apparatus. 
The Hv device is illustrated in Figure 6. The 
depth of the indentation is typically between 
0.01 and 0.1 millimeters, which is quite small 
as shown in Figure 7. 

RESULTS AND DISCUSSIONS

The present study covers TIG welding of 
AA6061- T6 alloy sheet.The process of weld-
ing was performed at different welding pa-
rameters (I, v, and f) the applicable range of 
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Fig. 4. Experimental flowchart that analyzed and evaluated for 6061-T6 aluminum alloy

Table 1. Chemical composition of Al 6061-T6 alloy sheets
AlFeZnCuTiMnCrSiMgElement %wt

BalanceMax 0.7Max 0.250.15-0.4Max 0.15Max 0.150.04–0.350.4–0.80.8–1.2Standard [27]

Balance0.570.180.340.0380.0550.0680.650.95Measured

Table 2. Mechanical properties of Al 6061-T6 alloy sheet
Modulus of elasticity (GPa)Hardness (HV)Ultimate strength (MPa)Parameter

68.9107310Standard [28]

69.3105325.306Measured

Table 3. Chemical Composition of (wt.%) of ER4043 filler material
TiZnMnFeCuMgSiALMaterial

0.020.10.050.80.30.055.6Bal.ER4043

welding process variables was empirically se-
lected according to the FEM results. The re-
sults were compared using ANSYS software. 
The Vickers device was used to evaluate the 
hardness of the welded joint and determine the 
optimal hardness determined by the Taguchi 
method.

Comparison of experimental and FEM 
results related to temperature distribution

 As shown in the Fig. 8 the temperatures 
distribution in the weld zones of the two jointly 
welded sheets for nine pieces of 3 mm thick 
and 80 mm long of Al alloy 6061-T6 as the 
welding flame moves from the point Z = 0 to 
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Z = 80 mm in the orientation of weld. FEM 
simulation was utilized to determine the weld-
ing joint geometry, the effect of some welding 
factors on the geometry, and the obtained re-
sults in our current research. Simulations were 
performed with different welding currents of 
90A, 95A and 100A, and the appropriate weld 
joint geometry and transition temperatures for 
TIG 6061-T6 welded work pieces for different 
welding speeds and flow rates were obtained. 
As shown in Figure 8, the red regions indicate 
melting zones (FZs) whose melting tempera-
ture should be greater than the melting point 
temperature unit of 680°C for 6061-T6 AA. It 
was observed that the use of a welding current 
of 100 A. Fig. 8 resulted in an increase in the 

temperature at the peak of the free zone. Ex-
cessive temperature during welding can nega-
tively impact the microstructure and properties 
of the material. Based on the FEM simulations 
conducted, it was determined that the appropri-
ate range of welding currents is between 90A 
to 100A. The (Q) for TIG welding process is 
calculated using the equation below [30].

	

 

 
 
 

𝑄𝑄 =  𝝃𝝃 𝑽𝑽 𝑰𝑰
𝒗𝒗                                                 (2) 

 
	 (2)

where: Q – the heat input for TIG welding, V – a 
fixed voltage as (32 volts), I – the weld-
ing current, v – welding speed rate,  
– efficiency.

The heat input compute by using this equa-
tion above. The total heat input value per unit 
length of Welded joints is shown in Table 6 
for varying situations. The Q value influences 
the cooling rate after welding, with the maxi-
mum Q resulting in a slower cooling rate [29]. 
These findings are essential for understanding 
the resulting mechanical characteristics and mi-
crostructures, as discussed later. Through the 
simulation of the heat cycle during welding, the 
samples experience heat transfer through con-
duction, convection, and radiation modes. The 

 is transmitted first in y-axis and x-axis simul-
taneously until a steady distribution is achieved. 
The temperature degree at the. The heat source’s 
front temperature is comparatively lesser than 
its back temperature [31].

Figure 8 illustrates the Hv profile of the 
(WZ) welded zone. The diagram clarifies that 
the hardness is lowered as it approaches to 
the center of the weld line, as it reaches to its 
minimum value at 10mm distance from cen-
ter. In Fig. 8 the distribution of microhardness 
using various TIG currents. It is evident that 
the joints’ hardness reduced as the TIG current 

Table 4. Welding parameters with levels
Levels I Amps V mm/min f L/min

1 90 60 8

2 95 80 9

3 100 100 10
Note: I – refer to the welding current, V – refers to the 
welding speed and f refers to the gas flow rate of the 
welding process.

Table 5. Obtained for the s’ L9 orthogonal array
Experiment 

No. I Amps V mm/min f L/min

1 90 60 8

2 90 80 9

3 90 100 10

4 95 60 9

5 95 80 10

6 95 100 8

7 100 60 10

8 100 80 8

9 100 100 9

Fig. 5. 3D model of Butt-weld joint after meshing for FEM TIG welding process
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was increased. In HAZ, the hardness dropped 
from about 80 HV to 60 HV. The figure dem-
onstrates how the joint’s softening area always 
grew. The PMZ granules became coarser as the 
heat input increased, lowering the PMZ’s hard-
ness. Conduction, convection, and radiation 
modes of transfer of heat are all applied to the 
workpiece during the modeling of the welded 
thermal cycle. the transfer of the Heat is intro-
duced in two directions – first in the thickness 
(y-axis) and subsequently in the width (x-axis) 
directions – until uniform distributions are at-
tained. The rear of the heat source has a tem-
perature gradient that is comparatively greater 
than the front of the source [32].

Results of hardness

The aluminum weld joint is heated by heat 
during the welding process, and then swiftly 
cooled. This change in the rate of heating and 
cooling affects the microstructure and mechani-
cal properties of aluminum, and in turn changes 
the hardness of the weld area. The speed of cool-
ing leads to the emergence of granules of differ-
ent sizes. Smaller and more brittle microstruc-
tures, which can lead to reduced toughness. The 
specific hardness distribution of a TIG weld de-
pends on a number of variables, such as welding 
parameters, the properties of the weld material, 
and the cooling rate of the weld metal. With these 
variables, it is very important to control these 
variables carefully to obtain the correct hardness 
and mechanical properties of the final product. 
The Vicker hardness tester device was utilized 
to determine the hardness of nine workpieces. 
Every single workpiece underwent a hardness 
test at seven predetermined locations: the center, 
the left and right sides of the HAZ, and the base 
metal zone.as shown below in Table 7

For the initial three samples are depicted in 
Fig. 8a. It is noted that in the base metal zone, 
the micro-hardness increases with the welding 
current and reaches its maximum limit of  ap-
proximately, a distance of 30 mm to the right 
and left of the specimen, before decreasing with 
the welding current as it approaches the heat-
affected zone at a distance of 10mm to the right 
and left of the specimen. And it begins to rise 
again in the midsection of the aluminum speci-
men in the welding area. In the same previous 
pattern for samples (4, 5, and 6) shown in Fig. 
8b, the micro-hardness in the base metal region 
increases with the welding current until it reach-
es its maximum value near 30mm, after which 
it begins to decrease with the welding current 
decrease. The microhardness begins to increase 

Fig. 6. A Vickers hardness (Hv) tester

Fig. 7. Microhardness welding regions test points
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Fig. 8. Thermal simulation the temperatures weld joint shapes by fusion welding process for nine weldments

in the middle as the welding current increases 
[33, 34]. Finally, the last three specimens (7, 
8, 9) that elucidate in Figure (8-c). The micro-
scopic firmness similar to previous instances, 
the micro-hardness is directly proportional to 
the welding current, at the base metal zone the 

micro-hardness reaches its utmost value. At a 
distance of approximately 10 mm, the micro-
hardness in the heat-affected zone begins to de-
crease. With an increase in the welding current 
at the center of the specimens’ weld zone, the 
microhardness increases once more.
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Table 6. The amount of heat applied during welding was determined for different levels of welding parameters
Experiment No. I, A V, mm/min f, l/min Q, J/mm

1 90 60 8 38.4

2 90 80 9 28.8

3 90 100 10 23.04

4 95 60 9 40.53

5 95 80 10 30.4

6 95 100 8 24.32

7 100 60 10 42.666

8 100 80 8 32

9 100 100 9 25.6

Investigation of the micro-hardness 
(HV) parameter results using Taguchi

 When aluminum 6061-T6 is welded, the heat 
input can cause changes in the microstructure of 
the metal. It may have an impact on how the ma-
terial behaves mechanically, including changes in 
Hv. A number of variables, such as the welding 
speed, current, and gas flow rate both during and 
after welding, can affect the Hv of the welding 
zone. To determine the optimal level of each pa-
rameter for maximizing the reaction that affects 

Hv on a Aluminum workpiece, (S/N) ratio is 
used as a measure of the accuracy of the output. 
In general, a higher S/N ratio indicates a better 
output quality. S/N ratio and mean are shown in 
Table 8, Table 9 and Table 10, respectively [35]. 
Table 8 and Table 9 illustrate the results of S/N 
ratio and mean values of all parameters are con-
sistent with each other. By choosing the larger 
number, no prediction is required. The plot of 
the main effects for both means and S/N ratio is 
shown in Figure 10 and Figure 11 respectively. 
A combination of parameters reached to the 

Fig. 9. Distribution of micro-hardness using various TIG currents for nine workpieces: (a) hardness test for 
workpiece (1, 2, 3); (b) hardness tests for work-piece (4, 5, 6); (c) hardness tests for workpiece (7, 8, 9)
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greatest hardness value (Hv). The ideal param-
eters for the highest S/N ratio are found by using 
welding current X1 of 100A, welding speed X2 
of 80mm/min, and gas flow rate X3 of 9 l/min. 

The optimal level (X13, X23, X33) is not founded 
in the nine experiments which are not included 
in the nine experiments as shown previously in 
Table 6. That was carried out utilizing Taguchi 
orthogonal array. It’s essential to keep in mind 
that the Taguchi orthogonal array only includes 
a small subset of all potential tests. (81 experi-
ments in total, given four parameters with three 
levels each).

ANOVA technique for the change in micro-
hardness in the heat effected zone

The ANOVA test is a statistical method that 
calculates the percentage of contribution (P%) of 
each parameter, such as welding speed, current, to 
the outcome. Table 11 shows that the first criteri-
on, Hv, was analyzed using ANOVA. From Table 
11 the impact of the parameters on the hardness 
in the (HAZ) can be observed, with the (I) having 
the most significant effect, followed by the (V). 
This indicates that these two parameters have a 
greater influence on micro-hardness than the gas 
flow rate. The equation for the regression model 

Table 7. Measuring the hardness of workpieces (WP) at different distances

Distance /mm
Hardness /HV

WP1 WP2 WP3 WP4 WP5 WP6 WP7 WP8 WP9

-30 85.21 90.25 92.54 87.65 89.24 92.01 85 91 90

-20 65.75 70.47 75.24 67.27 68.35 70.14 70.98 70.14 72.05

-10 57.01 60.56 63.78 61.04 63.34 65.94 59.14 63.72 65.16

0 75.65 75.65 75.65 75.65 75.65 75.65 75.65 75.65 75.65

30 55.01 63.26 64.55 62.04 61.46 66.75 58.16 62.09 64.47

20 63.01 72.48 76.75 66.65 65.24 71.14 72.05 68.10 73.25

10 82.45 91.02 91.24 86.04 88.16 92.08 83.07 90.47 89.51

Table 8. The Hv mean and S/N ratio’s values
Experiment I Amps V mm/min f L/min Hv in HAZ S/N ratio Mean

NUM. X1 X2 X3 Hv SNRA1 MEAN1

1 90 60 8 75.65 37.5762 75.65

2 90 80 9 78.45 37.8919 78.45

3 90 100 10 76.65 37.6902 76.65

4 95 60 9 79.25 37.9800 79.25

5 95 80 10 80.45 38.1105 80.45

6 95 100 8 78.82 37.9327 78.82

7 100 60 10 82.75 38.3554 82.75

8 100 80 8 84.47 38.5340 84.47

9 100 100 9 83.85 38.4701 83.85

Conformation test 100 80 9

Table 9. Table of responses for the signal-to-noise ratio 
for (Hv)

Level I Amps V mm/min f L/min

1 37.72 37.97 38.05

2 38.04 38.18 38.11

3 38.45 38.07 38.05

Delta 0.73 0.21 0.06

Rank 1 2 3

Table 10. Responses for mean for (Hv)
Level X1 X2 X3

1 76.92 79.22 79.98

2 79.84 81.12 80.52

3 83.69 80.11 79.95

Delta 6.77 1.91 0.57

Rank 1 2 3
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Fig. 10. Principal effect diagram for mean micro hardness (Hv)

Fig. 11. Principal effect diagram for S/N ratio micro hardness (Hv).

of Hv eq. (3) was derived using Minitab software. 
This equation predicts the expected outcome of 
the nine experiments.

	 Hv =13.2 + 0.677 X1 + 0.0139 X2 + 0.152 X3	 (3)
	 R-sq= 90.09%	

where: R-square – the determination coefficient

CONCLUSIONS

According to the aforementioned conclusions, 
it can be said that the impact of various weld-
ing parameters on the mechanical characteristics 
as well defects in welding of AA6061-T6 using 
ER4043 filler metal by employing TIG welding 

Table 11. Analysis of variance (ANOVA) for micro-hardness
Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value

X1 2 70.0864 90.95% 70.0864 35.0432 2076.29 0.000

X2 2 5.7678 7.48% 5.7678 2.8839 170.87 0.006

X3 2 1.1700 1.52% 1.1700 0.5850 34.66 0.028

Error 2 0.0338 0.04% 0.0338 0.0169

Total 8 77.0580 100.00%
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can be summed up as follows: the thermal and me-
chanical effects of a movable heat source of TIG 
were predicted and studied using finite element 
analysis & experimental testing of 6061-T6 alloy 
plate welding. Both the experimental and FEM 
simulation results show that there are meaningful 
correlations among the welding current & weld 
joint properties.The welding current that will re-
sult in the least amount of residual stresses on the 
material during welding is chosen for the given 
parameters using the thermal model. This makes it 
possible to enhance the TIG welding procedure by 
maximizing the welding current. The weld bead 
geometry and projected temperature distribution 
along the welding line at various welding current 
of experimentally TIG welded connections are in 
great agreement, according to FEM results. The 
fusion zone showed higher hardness of the weld 
metal compared to the HAZ and BM regions, 
where high hardness was obtained in the welding 
area. The greatest hardness is 84.9 HV in the WZ 
and in the original metal its value is 69.1 HV.

It has been found that the highest hardness 
value realized at the welding current value of 
210 amperes, the speed mm/min, and the shield-
ing gas flow rate of 10 liters/min (workpiece 8). 
S/N ratio as well as ANOVA results revealed that 
current, following speed and gas flow rate, had 
the largest impact on HAZ hardness. The devel-
oped model is more effective at predicting the 
micro hardness  for welded  specimens through 
correlating with process parameters, accord-
ing to regression analysis. The estimated error 
among the model & the experimental results is 
4.0% or less and R2=90.09%. This shows that 
the created regression equation model is more 
effective at making predictions.

In order to obtain adequate weld penetra-
tion and tensile properties to meet the service 
requirements of thin-walled parts, these weld-
ing process factors must be considered, in addi-
tion to the current used to weld, such as welding 
speed, flow of gas rates, as well as other influ-
encing variables involving welding orientation, 
heat source parameters, etc., should be care-
fully considered and optimized. The response 
relationship between mechanical features,  and 
the microstructure variation will also be the fo-
cus of additional research from a quantitative 
standpoint. This will improve the mechanical 
characteristics of the butt joint and serve as a 
theoretical foundation for the future welding of 
thin-walled parts.
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