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ABSTRACT 

To improve welding quality of Aluminum (Al) plate an automated TIG welding system has been 

developed, by which welding speed can be control during welding process. Welding of Al plate has been 

performed in two phases. During 1
st
 phase of welding, single side welding performed over Al plate and 

during 2
nd

 phase both side welding performed for Al plate by changing different welding parameters. 

Effect of welding speed and welding current on the tensile strength of the weld joint has been investigated 

for both type of weld joint. Optical microscopic analysis has been done on the weld zone to evaluate the 

effect of welding parameters on welding quality. Micro-hardness value of the welded zone has been 

measured at the cross section to understand the change in mechanical property of the welded zone. 

 

Keywords: Automated TIG Welding System, Micro hardness Test, Tensile Test. 

 

 

I.INTRODUCTION 

 

Welding is a permanent joining process used to join different materials like metals, alloys or plastics, together at 

their contacting surfaces by application of heat and or pressure. During welding, the work-pieces to be joined 

are melted at the interface and after solidification a permanent joint can be achieved  [1]. Sometimes a filler 

material is added to form a weld pool of molten material which after solidification gives a strong bond between 

the materials. Weld ability of a material depends on different factors like the metallurgical changes that occur 

during welding, changes in hardness in weld zone due to rapid solidification, extent of oxidation due to reaction 

of materials with atmospheric oxygen and tendency of crack formation in the joint position [4]. 

 

Different type of welding processes 

 

Based on the heat source used welding processes can be categorized as follows: 
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Arc Welding: In arc welding process an electric power supply is used to produce an arc between electrode and 

the work-piece material to joint, so that work-piece metals melt at the interface and welding could be done. 

Power supply for arc welding process could be AC or DC type. The electrode used for arc welding could be 

consumable or non-consumable. For non-consumable electrode an external filler material could be used [5]. 

 

Gas Welding: In gas welding process a focused high temperature flame produced by combustion of gas or gas 

mixture is used to melt the work pieces to be joined. An external filler material is used for proper welding. Most 

common type gas welding process is Oxy-acetylene gas welding where acetylene and oxygen react and 

producing some heat [6]. 

 

Resistance Welding: In resistance welding heat is generated due to passing of high amount current (1000–

100,000 A) through the resistance caused by the contact between two metal surfaces. Most common types 

resistance welding is Spot-welding, where a pointed electrode is used. Continuous type spot resistance welding 

can be used for seam-welding where a wheel-shaped electrode is used [7]. 

 

High Energy Beam Welding: In this type of welding a focused energy beam with high intensity such as Laser 

beam or electron beam is used to melt the work pieces and join them together. These types of welding mainly 

used for precision welding or welding of advanced material or sometimes welding of dissimilar materials, 

which is not possible by conventional welding process [8]. 

 

II.BASIC MECHANISM OF TIG WELDING 

 

TIG welding is an arc welding process that uses a non-consumable tungsten electrode to produce the weld. The 

weld area is protected from atmosphere by an inert shielding gas (argon or helium), and a filler metal is 

normally used. The power is supplied from the power source (rectifier), through a hand-piece or welding torch 

and is delivered to a tungsten electrode which is fitted into the hand piece. An electric arc is then created 

between the tungsten electrode and the work piece using a constant-current welding power supply that produces 

energy and conducted across the arc through a column of highly ionized gas and metal vapours [1]. The 

tungsten electrode and the welding zone are protected from the surrounding air by inert gas. The electric arc can 

produce temperatures of up to 20,000
o
C and this heat can be focused to melt and join two different part of 

material. The weld pool can be used to join the base metal with or without filler material. Schematic diagram of 

TIG welding and mechanism of TIG welding are shown in fig. 1 & fig. 2 respectively [4,5]. 
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Fig 1: Schematic Diagram of TIG Welding System. [Ref:1] 

 

 

Fig. 2: Principle of TIG Welding. [Ref:1] 

 

III.LITERATURE REVIEW 

 

Ahmed Khalid Hussain et. al [1] investigated the effect of welding speed on tensile strength of the welded 

joint by TIG welding process of AA6351 Aluminium alloy of 4 mm thickness. The strength of the welded joint 

was tested by a universal tensile testing machine. Welding was done on specimens of single v butt joint with 

welding speed of 1800 -7200 mm/min. From the experimental results it was revealed that strength of the weld 

zone is less than base metal and tensile strength increases with reduction of welding speed. 

 



 

229 | P a g e  
 

Tseng et. al [2] investigated the effect of activated TIG process on weld morphology, angular  distortion, delta 

ferrite content and hardness of 316 L stainless steel by using different flux like TiO2, MnO2, MoO3, SiO2 and 

Al2O3. To join 6 mm thick plate author uses welding current 200 Amp, welding speed 150 mm/min and gas 

flow rate 10 l/min. From the experimental results it was found that the use of SiO2 flux improve the joint 

penetration, but Al2O3 flux deteriorate the weld depth and bead width compared with conventional TIG 

process. 

 

Sanjeev kumar et. al [3] attempted to explore the possibility for welding of higher thickness plates by TIG 

welding. Aluminium Plates (3-5mm thickness) were welded by Pulsed Tungsten Inert Gas Welding process with 

welding current in the range 48-112 A and gas flow rate 7 -15 l/min. Shear strength of weld metal (73MPa) was 

found less than parent metal (85 MPa). From the analysis of photomicrograph of welded specimen it has been 

found that, weld deposits are form co-axial dendrite micro-structure towards the fusion line and tensile fracture 

occur near to fusion line of weld deposit. 

 

Indira Rani et. al [4] investigated the mechanical properties of the weldings of AA6351during the GTAW /TIG 

welding with non-pulsed and pulsed current at different frequencies. Welding was performed with current 70-74 

A, arc travel speed 700-760 mm/min, and pulse frequency 3 and 7 Hz. From the experimental results it was 

concluded that the tensile strength and YS of the weldings is closer to base metal. Failure location of weldings 

occurred at HAZ and from this we said that weldings have better weld joint strength. 

 

 

Raveendra et. al [5] done experiment to see the effect of pulsed current on the characteristics of weldings by 

GTAW. To weld 3 mm thick 304 stainless steel welding current 80-83 A and arc travel speed 700-1230 

mm/min. More hardness found in the HAZ zone of all the weldings may be due to grain refinement. Higher 

tensile strength found in the non-pulsed current weldings. It was observed that UTS and YS value of non-pulsed 

current were more than the parent metal and pulsed current weldings. 

 

Sakthivel et.al [6] studied creep rupture behaviour of 3 mm thick 316L austenitic stainless steel weld joints 

fabricated by single pass activated TIG and multi-pass conventional TIG welding processes. Welding was done 

by using current in the range of 160-280 A, and welding speed of 80-120 mm/min. Experimental result shows 

that weld joints possessed lower creep rupture life than the base metal. It was also found that, single pass 

activated TIG welding process increases the creep rupture life of the steel weld joint over the multi-pass TIG 

weld joints. 

 

Urena et. al [7] investigated the influence of the interfacial reaction between the Al alloy(2014) matrix and SiC 

particle reinforcement on the fracture behaviour in TIG welded Al matrix composites. TIG welding was carried 

out on 4 mm thick AA2014/SiC/Xp sheets using current setting in the range of 37-155 A and voltage of 14-16.7 

V. From experimental results it was found that, the failure occurred in the weld metal with a tensile strength 
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lower than 50% of the parent material. Fracture of the welded joint was controlled by interface deboning 

through the interface reaction Layer. Probability of interfacial failure increases in the weld zone due to 

formation of Aluminium-carbide which lowers the matrix/reinforcement interface strength. 

 

Sivaprasad et.al [8] performed TIG welding of 2.5 mm thick Nickel based 718 alloy using welding current in 

the range of 44-115 A, voltage 13-15 V and welding speed 67 mm/min. the influence of magnetic arc oscillation 

on the fatigue behaviour of the TIG weldings in two different post-weld heat treatment conditions were studied. 

 

Wang Xi-he et. al [9] performed TIG welding of SiCp /6061 Al composites without and with Al-Si filler using 

He-Ar mixed as shielding gas. For the welding authors uses gas flow rate 6.9 l/min, welding speed 1800 

mm/min, current-60 A. The results show that addition of 50 vol.% helium in shielding gas improves the arc 

stability, and quality of welding improves when the Al–Si filler is added. The microstructure of the welded joint 

shows non-uniformity with SiC particles distributing in the weld centre. 

 

IV.MATERIALS AND METHODS 

 

For proper welding and control on welding parameters mainly on welding speed an automated welding setup 

has been developed in-house. The automated welding setup with its main components is shown in fig. 3. The 

welding setup consists mainly following parts [15]: 

 

Speed control unit (movable tractor) – Here, speed control unit is a movable tractor which run with a 

predefined speed required for welding. TIG welding torch is fixed with it using a clamp in a particular angle so 

that during welding a stable and continuous arc form. Welding speed can be change using a regulator. Distance 

between the torch tip and work piece and angle of torch tip can also be control using the adjustable knob [16]. 
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Fig. 3: Experimental set-up for TIG welding [17] 

 

Calibration of speed 

 

Before start the experiment speed of the movable tractor was calibrated to get a required welding speed and 

found different speed value [18] which is shown in table 1. 

 

Table 1: Speed value on speed controlled tractor 

 

Number on equipment Speed value(mm/s) 

  

1 2.5 

  

1.5 3 

  

2 3.50 

  

2.5 4.0 

  

3 4.5 

  

3.5 5 
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4 5.5 

  

4.5 6 

  

 

 

 

V.EXPERIMENTAL PLANNING AND PROCEDURE 

 

For the present work, experimentation was done in two phase. In first phase, butt welding of Al plate (3 mm 

thickness) done at one side with different current setting and welding speed. In second phase, butt welding of Al 

plate done both side by varying welding speed and current setting [19]. 

 

Experimental procedure: 

 

Commercial Aluminium plate of thickness 3 mm was selected as work piece material for the present 

experiment. Al plate was cut with dimension of 120 mm x 50 mm with the help of band-saw and grinding done 

at the edge to smooth the surface to be joined. After that surfaces are polished with emery paper to remove any 

kind of external material. 

 

After sample preparation, Aluminium plates are fixed in the working table with flexible clamp side by side and 

welding done so that a butt join can be formed [20]. 

 

TIG welding with Alternate Current (AC) was used in experiments as it concentrates the heat in the welding 

area. Zirconiated tungsten electrodes of diameter 3.4 mm was taken as electrode for this experiment. The end of 

the electrode was prepared by reducing the tip diameter to 2/3 of the original diameter by grinding and then 

striking an arc on a scrap material piece. This creates a ball on the end of the electrode. Generally an electrode 

that is too small for the welding current will form an excessively large ball, whereas too large an electrode will 

not form a satisfactory ball at all. 

 

For the first phase of experiment welding parameters selected are shown in table 2. Before performing the actual 

experiment a number of trial experiments have been performed to get the appropriate parameter range where 

welding could be possible and no observable defects like undercutting and porosity occurred [21]. 
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Table 2: Welding parameters for 1
st
 phase of experiments 

 

Parameters Range 

  

Welding current (100-140) A 

  

Voltage 50 v 

  

Speed (3.5-4) mm/s 

  

Distance of tip from weld centre 3 mm 

  

Gas flow rate (8-10) l/min. 

  

Current type AC 

  

Dimension 120mm*50mm*3mm 

  

 

VI.CONCLUSION 

 

From the experiment of TIG welding of Aluminium plate following conclusion can be made 

 

 With the automated welding system uniform welding of Aluminium plate can be possible.
 

 

 Welding strength or tensile strength of the weld joint depends on the welding parameters like welding 

speed and welding current.
 

 

 With the increase in current, tensile strength of the weld joint increases.
 

 

 Hardness value of the weld zone change with the distance from weld centre due to change of 

microstructure.
 

 

 At lower welding speeds strength is more due to more intensity of current.
 

 

 For both side welding tensile strength is found almost equivalent to the strength of base material.
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 For both sided welding performed with high current (180 A), welding speed have no specific effect on 

tensile strength of the weld joint.
 

 

 

Future scope 

 

In present work welding is performed without any filler material. A filler rod/wire feeding system can be 

included in the system so that by using filler rod/wire thicker plate can be welded. Welding setup can also be 

use for welding of some other materials. 

 

REFERENCES 

 

[1] Indira Rani, M., & Marpu, R. N.(2012). Effect of Pulsed Current Tig Welding Parameters on Mechanical Properties 

of J-Joint Strength of Aa6351. The International Journal of Engineering And Science (IJES),1(1), 1-5. 

[2] NS Tung, V Kamboj, B Singh, A Bhardwaj, Switch Mode Power Supply An Introductory approach, Switch Mode 

Power Supply An Introductory approach, May 2012. 

[3] Hussain, A. K., Lateef, A., Javed, M., & Pramesh, T. (2010). Influence of Welding Speed on Tensile Strength of 

Welded Joint in TIG Welding Process. InternationalJournal of Applied Engineering Research, Dindigul, 1(3), 518-

527. 

[4] Navpreet Singh Tung, Gurpreet Kaur, Gaganpreet Kaur, Amit Bhardwaj, Optimization Techniques in Unit 

Commitment A Review, International Journal of Engineering Science and Technology (IJEST), Volume 4, Issue, 

04, Pages 1623-1627. 

[5] Tseng, K. H., & Hsu, C. Y. (2011). Performance of activated TIG process in austenitic stainless steel welds. Journal 

of Materials Processing Technology, 211(3), 503-512. 

[6] Amit Bharadwaj, Vikram Kumar Kamboj, Dynamic programming approach in power system unit commitment, 

International Journal of Advanced Research and Technology, Issue 2, 2012. 

[7] Narang, H. K., Singh, U. P., Mahapatra, M. M., & Jha, P. K. (2011). Prediction of the weld pool geometry of TIG 

arc welding by using fuzzy logic controller. International Journal of Engineering, Science and Technology, 3(9), 

77-85. 

[8] Bhardwaj, A., Tung, N. S., Shukla, V. K., & Kamboj, V. K. (2012). The important impacts of unit commitment 

constraints in power system planning. International Journal of Emerging Trends in Engineering and Development, 

5(2), 301-306. 

[9] Yuri,T., Ogata, T.,Saito.M.,& Hirayama,Y.(2000). Effect of welding structure and δ- ferrite on fatigue properties 

for TIG welded austenitic stainless steels at cryogenic temperatures. Cryogenics, 40, 251-259. 

[10] NS Tung, V Kamboj, A Bhardwaj, “Unit commitment dynamics-an introduction”, International Journal of 

Computer Science & Information Technology Research Excellence, Volume 2, Issue 1, Pages 70-74, 2012. 

[11] Norman, A. F., Drazhner, V., & Prangnell, P. B. (1999). Effect of welding parameters on the solidification 

microstructure of autogenous TIG welds in an Al– Cu–Mg–Mn alloy. Materials Science and Engineering: A, 

259(1), 53-64. 



 

235 | P a g e  
 

[12] Preet Khandelwal, Surya Prakash Ahirwar, Amit Bhardwaj, Image Processing Based Quality Analyzer and 

Controller, International Journal of Enhanced Research in Science Technology & Engineering, Volume 2, Issue 7, 

2013. 

[13] Song, J. L., Lin, S. B., Yang, C. L., & Fan, C. L. (2009). Effects of Si additions on intermetallic compound layer of 

aluminum–steel TIG welding–brazing joint. Journal of Alloys and Compounds, 488(1), 217-222. 

[14] VK Kamboj, A Bhardwaj, HS Bhullar, K Arora, K Kaur, Mathematical model of reliability assessment for 

generation system, Power Engineering and Optimization Conference (PEDCO) Melaka, Malaysia, 2012 IEEE. 

[15] Wang, Q., Sun, D. L., Na, Y., Zhou, Y., Han, X. L., & Wang, J. (2011). Effects of TIG Welding Parameters on 

Morphology and Mechanical Properties of Welded Joint of Ni-base Superalloy. Procedia Engineering, 10, 37-41. 

[16] Navpreet Singh Tung, Amit Bhardwaj, Tarun Mittal, Vijay Shukla, Dynamics of IGBT based PWM Converter A 

Case Study, International Journal of Engineering Science and Technology (IJEST), ISSN: 0975-5462, 2012. 

[17] Kumar, A., & Sundarrajan, S. (2009). Optimization of pulsed TIG welding process parameters on mechanical 

properties of AA 5456 Aluminum alloy weldings. Materials & Design, 30(4), 1288-1297. 

[18] Navpreet Singh Tung, Amit Bhardwaj, Ashutosh Bhadoria, Kiranpreet Kaur, Simmi Bhadauria, Dynamic 

programming model based on cost minimization algorithms for thermal generating units, International Journal of 

Enhanced Research in Science Technology & Engineering, Volume 1, Issue 3, ISSN: 2319-7463, 2012. 

[19] Preston, R. V., Shercliff, H. R., Withers, P. J., & Smith, S. (2004). Physically-based constitutive modelling of 

residual stress development in welding of aluminium alloy 2024. Acta Materialia, 52(17), 4973-4983. 

[20] Vikram Kumar Kamboj, S.K. Bath, J. S. Dhillon, “A Novel Hybrid DE-Random Search approach for Unit 

Commitment Problem”, Neural Computing and Applications (ISSN: 1433-3058), Vol.28, No. 7, 2017, pp.1559–

1581. DOI:10.1007/s00521-015-2124-4  

[21] Akbari Mousavi, S. A. A., & Miresmaeili, R. (2008). Experimental and numerical analyses of residual stress 

distributions in TIG welding process for 304L stainless steel. journal of materials processing technology, 208(1), 

383-394. 

 


