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INTRODUCTION 
Aluminium alloys have become the most widely used material in industries and become an integral part of the 

aerospace and transportation industry [1]. Aluminium alloys have many advantages, such as excellent mechanical 
properties, low density, good formability, recyclability, and highly corrosion resistance. There are many ways to join 
aluminium alloys such as fusion welding (TIG/MIG), friction stir welding (FSW) [2], torch brazing [3], resistance spot 
welding [4], laser beam welding [5], and others. However, joining aluminium alloys is a problematic part. Aluminium 
alloys do not have good weldability, especially using fusion welding. The presence of a tenacious oxide layer, the high 
solubility of hydrogen, high coefficient of thermal expansion, and high thermal conductivity are the disadvantages of 
aluminium alloys properties [6].  

Joining aluminium alloys using fusion welding can lead to the welding defect, such as porosity, solidification cracking, 
undercut, incomplete fusion, and spatter [7]. Moreover, the reduction of mechanical strength and alteration of 
microstructure are the problem that needs to be solved. On the other hand, joining using fusion welding generally, are 
more economical and flexible compared to the FSW [8]. The necessity to understand how aluminium alloys behave when 
they are joining together is a crucial part, and an essential need in many industries used aluminium as main or sub material. 
Furthermore, finding the optimal parameters to reduce the susceptibility of solidification cracking, lowering the potential 
of welding porosity, and decreasing the reduction of the welding joint strength coefficient can be challenging. 

Gas tungsten arc welding (GTAW), also known as Tungsten Inert Gas (TIG) welding is a fusion welding process in 
which an electric arc is created in an inert gas such as helium (He) or argon (Ar) between non-consumable tungsten and 
workpiece [9]. GTAW can be used to weld butt joint using the addition of filler metals or without filler metals (also 
known as Autogenous welding) [10]. Some researchers investigated the effect of different filler metals to join similar 
aluminium alloys [11] and super-austenitic steel [12]. On the other hand, researchers have performed dissimilar joint 
material such as aluminium to galvanized steel [13] and aluminium to stainless steel [14]. The other focused on controlling 
TIG welding using machine vision and neural network [15]. Most of the researchers investigated the mechanical 
properties and microstructure as a critical aspect for evaluation [7, 16]. Several researchers concerned with welding 
defects such as porosity. Huang et al. [17] investigated the porosity on aluminium alloys using spectral and X-ray image 
analysis. Li et al. [18] studied the effect of welding parameters on microstructure and porosity. 

In the previous research, Milyardi and Baskoro [19] investigated the effect of welding current and welding speed on 
weld porosity using a non-destructive test (NDT) such as X-ray radiography. The research determined the proper welding 
current and welding speed to produce minimum porosity. They found that welding current 160 A and welding speed 1.1 
mm/s would generate proper heat input to achieve minimum porosity formation. Therefore, the objectives of this study 
are to determine the proper parameter to weld aluminium alloy AA1100 of 3 mm in thickness using autogenous TIG 
welding. Moreover, it is to understand how aluminium alloys behave in each parameter by observing the macrostructure, 
porosity, tensile properties, and micro-hardness. 

 

ABSTRACT – In this paper, an autogenous tungsten inert gas (TIG) welding was performed to 
understand the characteristic effect of butt joint weld on AA1100 under various parameters. The 
effect of TIG current and welding speed was selected to study the mechanical properties, porosity, 
and macrostructure of the weld metal (WM). Based on experimental results, the top bead width 
(TBW) will increase directly proportional to the increased of welding current. Furthermore, welding 
current and welding speed affected the strength drop in the heat-affected zone (HAZ). More heat 
added will result in a deeper drop in strength. Mechanical properties result showed that the tensile 
strength reduced by 40 – 45% and the hardness reduction in the WM and HAZ area from the base 
metal (BM) was 17.3% and 27.7%, respectively. Subsequently, x-ray radiography images showed 
that there was no large porosity occur in all welding current. The macrostructure showed that the 
weld bead typically has the concavity shape or U-shaped geometry from a cross-sectional view.    
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MATERIALS AND METHOD 
The materials used in this study were AA1100-H14 with a thickness of 3 mm. The chemical composition of AA1100 

was tested using an optical emission spectrometer (standard ASTM E1251). The chemical composition is shown in Table 
1. The mechanical properties of base metal AA1100 were tested. A tensile test and micro-hardness measurement of the 
base metal are shown in Table 2. 
 

Table 1. Composition of AA1100. 
Element Al Si Fe Cu Mn Mg Zn Ti 
wt.% 99.1 0.109 0.471 0.057 0.043 0.019 0.070 0.012 

 

Table 2. Material properties of AA1100-H14 
Properties   
Hardness (HV) 36 – 38 

Ultimate tensile strength (MPa) 130 
Tensile yield strength (MPa) 110 – 120 

 

Aluminium alloys were cut into 50x120mm2 using the cutter tools. TIG welding machine used GeKaMac Power TIG 
2200 AC/DC pulse. The material surface was treated to eliminate the oxide layer using sandpaper with 400 grit number 
and cleaned chemically using acetone to remove the oil and small particles. AC polarity was employed in the welding 
process with a frequency of 250 Hz. During the welding process, the average excitation voltage was between 13-15 volts. 
At the initial welding process, a delay of 15 seconds was given. High purity argon was used as a shielding gas with a flow 
rate of 12 L/min at the top side welded pool and 3 L/min at the bottom side weld pool. The tungsten electrode was set 
perpendicular to the workpiece with a distance of 2 mm. Butt joint configuration with square-groove was employed with 
no gap, and they were clamped using the fixture to avoid distortion. The welding parameters used in this study were 
shown in Table 3. Figure 1 shows the schematic illustration of the experimental setup. 

 

 
Figure 1. Schematic illustration of experimental equipment. 

 

Table 3. Welding process parameters. 
Parameter Specification 
Polarity AC (250Hz) 
Welding current (A) 160-170 
Welding speed (mm/s) 1.0-1.2 
Electrode EWTH-2 (Ø 2.4 mm) 
Tungsten distance to material (mm) 2 
Shielding gas Pure Argon 
Top side shielding gas flow rate (l/min) 12 
Bottom side shielding gas flow rate (l/min) 3 
Initial welding process time delay (sec) 15 

 
As shown in Figure 2, measurements of the top bead width (TBW) were employed along the welded in 8 locations. 

Subsequently, X-Ray radiography was performed to detect porosity. Tensile testing was employed using Tensilon RTF-
2350, a universal testing machine 50 kN. The crosshead displacement rate was used 5 mm/min. The specimen dimension 
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was following a standard of ASTM E-8M. Macro and microstructure observation was conducted using DINO-LITE and 
Oxion Inverso OX.2153-PLM. The specimen was prepared following standard metallography procedure and using etched 
0.5% HF solution. Micro-hardness measurement used a load of 100 gf, and 15 sec dwell time, the micro-hardness 
distribution shows in Figure 3. 

 

 
Figure 2. Schematic measurement of TBW. 

 

Figure 3. Schematic illustration of micro-hardness measurement (not for scale). 

RESULTS AND DISCUSSION 
Macrostructures 

Figure 4(a) to 4(f) shows the average value of the TBW from 3 samples. The weld bead geometry formed U-shaped 
geometry in all variations. The largest size weld bead at location number 1 is a result of the time delay at the initial 
welding, giving more heat input on that spot, hence the weld pool became large. After a while, the weld pool becomes 
narrower when the heat input was fast enough to disperse into all body (volume) of workpiece and anvil to increase their 
temperatures until its steady. This is mainly due to the high thermal conductivity of aluminium alloys properties [6]. 
Afterwards, the weld pool size increasing again as a result of the temperature of the workpiece and anvil on the steady 
condition. Hence the dispersion becomes slower and more heat to melt the joint.  

Figure 4(a) to (c) show a result of weld bead width under various welding current in specific welding speed. Figure 
4(d-f) show a result of weld bead width under various welding speed in a specific welding current. Figure 4(a-c) show 
higher welding current produce higher heat input and resulted in the wider weld pool. Theoretically, higher speed will 
give lower heat input (J/mm) and tend to have a smaller size in the weld pool. However, Figure 4(d) to (f) shows 
insignificant results. This could be due to the insignificant difference in speed variation. Hence, the results are in the 
region of standard deviation.  

Figure 5(a) to (c) show the cross-sectional macrostructure observation. DL0 is the concavity length, and DL1 is the 
weld thickness. It is shown that DL0 increases while welding current increases, and DL1 increases in thickness from 3 
mm (base metal thickness) to a range of 3.7 – 4.0 mm. 

X-Ray Radiography 
The X-ray inspection is to detect the porosity distribution across the welded area from the top view of the weldment. 

Figure 6(a-c) show the porosity appearances at different welding currents. Welding parameters such as welding current 
have a significant impact on the porosity formation. The results show that increasing the welding current leads to a 
decrease in porosity formation [19]. 
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Welding Speed Welding Current 

 
(a) 1 mm/s 

 
(d) 160 A 

 
(b) 1.1 mm/s 

 
(e) 165 A 

 
(c) 1.2 mm/s 

 
(f) 170 A 

Figure 4. TBW at welding current and speed variation 

 
(a) 

 
(b) 
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(c) 

Figure 5. Cross-sectional macrostructure observation of (a) 160 A; (b) 165 A; (c) 170 A. 

 

 
(a) 160 A 

 
(b) 165 A 

 
(c) 170 A 

Figure 6. X-ray images at different welding currents. 

Tensile Test 
Figure 7 shows the result of tensile test specimens at various welding currents and base metal (BM). Tensile tests are 

performed to investigate the effect of the welding current on the tensile strength. The strength of the BM is 130 MPa, and 
the strength at 160 A yields the highest value of 80 MPa compared to 165 A and 170 A, which yield 75.6 MPa and 72 
MPa, respectively. It is shown that the reduction of tensile strength is in a range of 40-45% from BM. The strength 
reduction takes place in the HAZ region, where the annealing occurred. Theoretically, by adding more heat input, more 
time are required for the material to be exposed to annealing conditions. Therefore, the results are consistent, where 170 
A is the lowest, and 160 A is the highest strength and elongation. 

Micro-hardness test 
Micro-hardness distribution is recorded by performing Vickers indentations on the TIG metallographic sample. 

Spacing between indentations is 500 µm, and the measurements on the horizontal distribution are carried out 
approximately 35 mm. Indentations are made on the horizontal distribution across the BM, HAZ, and weld metal (WM). 
Figure 8 shows the hardness of BM is 37.5±1.0, the hardness of HAZ is 27.1±0.9 HV, and the hardness of WM is 31.0±1.5 
HV. It is shown that there is a 17.3% reduction value of hardness with WM compared to the BM, while HAZ shows a 
reduction value of 27.7% compared to the BM.  
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Figure 7. Result of tensile test TIG welding specimens. 

Microstructure 
Figure 9 shows a typical microstructure of AA1100 using autogenous TIG welding. The typical microstructures can 

be divided into three visible zones, which are BM, HAZ, and WM. The WM area is composed of dendritic structure 
mainly found at the centre area, and columnar structure foundnear the fusion line. The HAZ area is where the grains grow 
and coarse grains are formed. The HAZ region is subjected to a longer temperature between 150°C-250°C. There are 
micro porosities found in all variations of welding current. By increasing the welding current, porosity can be reduced. 
 

   
(a) 160 A              (b) 165 A 

 

 
(c) 170 A 

Figure 8. Micro-hardness profile of TIG welding specimens. 
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Figure 9. Typical microstructure of weld metal AA1100. 

CONCLUSION 
The following are conclusions that can be drawn from this investigation: 
i. The width of the weld bead increases as the welding current is increased. The weld bead typically has a concavity 

shape and forms a U-shaped geometry if observed from a cross-sectional view. 
ii. The reduction of tensile strength is in a range of 40-45% from BM. A smaller welding current have less heat input 

and allows less time for the HAZ area to be affected by heat, so the anneal effect take a shorter time to form. The 
resulting drop strength in the HAZ area tends to be smaller compared to the higher welding current (more heat 
input). 

iii. The hardness reduction in the WM and HAZ area compared to the hardness of the BM is 17.3% and 27.7%, 
respectively. 

iv. Micro-porosity is found in all variations of welding current, and by increasing the welding current, porosity can be 
reduced. 
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