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Abstract

Welding is an age old method used for joining the metals 

permanently.  There are various methods available for welding 

such as Gas welding, Resistance welding, High energy beam 

welding, Solid state welding, Arc welding etc. Various factors 

on the basis of which we choose the method of welding are 

thickness of the metal, speed of welding, current available, 

surface condition of metal, coefficient of thermal expansion, 

etc. In this paper we have tried toanalyze the impact oftwo 

important types of Arc welding i.e. Gas metal arc welding 

(MIG) and Gas Tungsten arc welding (TIG) on 

microstructural and mechanical properties of the weldments of 

various metals. Mechanical propertiessuch as yield strength, 

ultimate tensile strength, percentage reduction in area, 

percentage elongation values related to weldments of various 

materials are compared under different conditions. Also other 

important structural properties and process parameters are 

looked into. The aim of this paper is to review TIG and MIG 

weldments of various materials and to provide an insight for 

further research. 
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Introduction 

Welding is the most common fabrication process widelyused 

in industry. A fabrication method used topermanently join 

different metals, plastics, alloys together, by the application of 

heat and pressure. Depending upon the type of process 

used,either heat and pressure both may be applied or only one 

is sufficient for a desirablecoalescence. The heat required for 

the process of welding can be obtained by using an electric 

current, gas flame, etc. A filler metal may be used for forming 

a weld pool which on solidification provides coalescence. We 

choose the welding process depending upon the weldability of 

the material which further depends upon the changes that 

occur in properties during welding such as changes in 

hardness of the  welded area, the extent of oxidation, crack 

propagation, etc. Different processes such as casting, forging, 

and extrusion are used to make a single component of a 

product, but to form a single complex structure we generally 

use welding. A general arc welding process has been shown in 

figure 1. 

 

Fig1: Welding process 

Among the various available welding processes TIG and MIG 

welding have vast application in the industry. They come 

under the category of arc welding in which an electric power 

supply is used to produce an arc between electrode and the 

work-piece material to be joined. Due to the heat released the 

work piece melts at the surface and welding action takes place. 

The power can be either AC or DC type andthe power source 

must convert high voltage, low amperage current into a safe 

low voltage, heavy current supply suitable for arc welding. 

Also the electrode used can be consumable or non-

consumable, bare or coated.The welding region is usually 

protected by some type of gas or shielding vapor usually 

Argon or Helium and sometimes a mixture of both to protect 

the area from atmospheric contamination. 

The physical difference between TIG and MIG is based on the 

type of electrode being used. In TIG we use a non-consumable 

tungsten electrode while on the other hand in MIG we use 

consumable electrode in form of a wire. An effort has been 

made to analyze the findings of different researchers on 

mechanical and microstructural properties of TIG and MIG 

welded components. 

Literature Review 

The paper reviews the impact of various process parameters 

in TIG and MIG welding, which affect the mechanical and 

microstructural properties of the base metal. Different works 

of researchers in this field have been covered in this paper. 

“Influence of Welding Speed on Tensile Strength of Welded 

Joint in TIG welding Process” by Ahmed Khalid Hussain, 

Abdul Lateef, MohdJaved, Pramesh.T(2010)[1], deals with the 

Investigation of effect of welding speed on the tensile strength 

of the welded joint. The material selected for preparing the test 

specimen was Aluminum AA6351 alloy having dimensions of 

4x50x200 mm. Four specimens were made at different 

welding speeds,then the strength of the specimens was tested 

by Universal testing machine and the following results were 

concluded: 

 

i. A lower range of weld speed is preferable to provide 

the weldment with maximum tensile strength. 

ii. To have a maximum strength, the bevel angle 

rangesbetween 30o to 45o. 

 

Naitik S Patel, Prof. Rahul B Patel, in  their paper“A Review 

on Parametric Optimization of TIG Welding” (2014)[3] , have 

reviewed the effect of welding parameters such as welding 

current , gas flow rate ,welding speed on output parameters 

viz. hardness of welding and tensile strength of welding. 

 

Effect of arc voltage, weldingcurrent and welding speed on 

fatigue life, impact energy andbead penetration of AA6061 

joints produced by robotic MIG welding” byH.R. Ghazvinloo, 

A. Honarbakhsh-Raouf and N.Shadfar (2010)[4],  focuses on 

the mechanical properties of Aluminum alloy AA6061 by 

welding at different welding speeds, current and voltages. 

Fatigue and impact test were performed on the weldments to 

know the mechanical properties.Also depth of penetration of 

each specimen was measured. After performing the tests it 

was concluded that with increase in input heat the fatigue life 

of the weld metal decreases, also with the increase in welding 

speed fatigue life increases and the impact energy of the weld 

metal increases. There is a linear relation between depth of 

penetration and the current supplied. 
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Vinay Kumar Attar, HimanshuArora, Shubham Sharma(2016) 

[5],took six specimens of mild steel having dimensions 

15cm*2cm*0.8cm, welded them by using Arc, TIG, MIG 

welding and then performed various test on universal testing 

machine to determine the ultimate tensile strength, 

%elongation, yield stress, etc. following was concluded : 

 

i. The load and tensile strength of arc welding specimen 

were higher than that of TIG and MIG welding process. 

ii. Percentage elongation is in the following sequence, 

ARC>TIG>MIG. 

 

Yatender Gupta, Dr. AmitTanwar, Raunak Gupta(2016)[6] in 

their research paper “Investigation of Microstructure and 

Mechanical Properties of TIG and MIG Welding Using 

Aluminum Alloy” compared the mechanical and 

microstructural properties of TIG and MIG welded 

components of aluminum alloy 6062. The research concluded 

that MIG welded joints have higher impact strength than TIG 

welded joints. Components produced by MIG are harder than 

the components produced by TIG welding. In MIG uniform 

and fine grain structure is produced whereas in TIG grain 

structure is dendritic in nature. Thus it is concluded that MIG 

is better to use than TIG for aluminum alloy 6062. 

 

In the research paper “Investigation of Microstructure and 

Mechanical Properties of TIG and MIG Welding Using 

Aluminum Alloy” by Saurabh Kumar Khotiyan and Sandeep 

Kumar(2014)[7], the authors have compared the Mechanical 

and Microstructural properties of aluminum 6061, welded by 

TIG and MIG welding process. They concluded that TIG 

welding is better as compared to MIG for Aluminum 6061 

alloy. 

 
R.Sudarshan, Dr. M.Devaiah in their paper “Effect of Process 

Parameters in MIG Welding on Mild Steel IS 2062” (2018) [8],  

carried out an experiment on the weld of MS IS 2062 for the 

yield strength and the ultimate tensile strength with respect to 

variation of current, voltage and angles of v- butt joint. 

 

From the above experiment they concluded that the ultimate 

tensile strength and yield strength will vary depending upon 

the various angles used. It was also concluded that with 

increase in the value of current and voltage there is an increase 

in yield strength and ultimate tensile strength. 

 

In the paper “Determination of welding parameters for 

shielded metal arc welding” by Ugur Soy, Osman Iyibilgin, 

FehimFindik, Cemil Oz and YasarKiyan(2011)[9],  they have 

determined the welding parameters for shield metal arc 

welding. 

 

Gas Tungsten Arc welding (GTAW) or Tungsten inert gas 

welding (TIG) 

It was developed during Second World War. With the 

development of TIG welding process, welding of difficult to 

weld materials e.g. Aluminum and Magnesium became 

possible. The use of TIG today has spread to a variety of 

metals like stainless steel, mild steel, high tensile steels, Al 

alloy, Titanium alloy etc. 

 

Working Principle of TIG Welding 

It has the same principle as that of Arc welding. A high 

intense arc is produced between tungsten and work piece. Due 

to the arc, heat is produced which is used to join the work 

piece by fusion. A shielding gas is also used to prevent the 

weld surface from oxidation. Figure 2 depicts the principle of 

TIG welding. 

 

Fig 2: Principle of TIG Welding 

Equipment’s used: 

Power source, TIG torch, shielding gas supply system, filler 

material, base metal, personal safety equipment’s etc. are used 

to perform high quality welding. 

Mechanism:  

A non-consumable electrode of Tungsten is used to produce 

the weld. The electrodes are commonly available from 0.5 mm 

to 6.4 mm diameter and150 - 200 mm length. Electrodes have 

different current carrying capacity depending whether upon 

their connection to positive or negative terminal. To prevent 

melting of electrode Thorium or Zirconium is added to the 

tungsten electrode.  

A constant current power source is used so that a constant 

current is provided even when there are variations in the arc 

length.Power is supplied through the power source to the 

welding torch and is delivered to the electrode which is fitted 
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inside the torch holder. In general AC power supply is 

preferred for Aluminum and Magnesium because the 

cleansing action of AC removes oxides and improves weld 

quality. An electric arc is created between the tungsten 

electrode and the work piece using a constant current welding 

power supply. 

The tungsten electrode and the welding zone are protected 

from the surrounding air by inert gas which is usually Argon 

or Helium or a mixture of both. Temperature up to 20,000oC is 

produced which is used to join the two different parts of 

material. Filler metal is fed manually or automatically to the 

electric arc. Choice of the filler rod is important depending 

upon the type of material or alloy we are welding. Figure 3 

shows general welding process.   

 

 

 
 

Fig 3: Working Procedure of TIG Welding [9] 

 

Process parameters: 

 

There are various parameters thataffect the quality and 

outcome of the TIG welding process such as welding current, 

welding voltage, inert gas used, welding speed, etc. 

 

Applications:  

It is best suited for metal plates of thickness around 5-6 mm. 

By using multiple passes we can even weld metals of higher 

thickness. It is useful for pipe and tube joints. It is usually 

used in nuclear industry, air craft industry, food processing 

industry, automobile industry etc.  

Advantages:  

i. It produces very high quality weld as compared to other 

welding processes. 

ii. Welds can be made with or without filler material. 

iii. Easy to weld thin materials. 

iv. Leaves no slag or splatter. 

 

Gas Metal Arc welding or Metal Inert gas welding (MIG) 

It was developed in late 1940’s and since then it has become 

very useful in welding industry today. It is suitable for 

welding a variety of ferrous and nonferrous metals. 

Principle: 

It works on the same principle as that of the arc welding. An 

electric arc is produced to generate heat and a consumable 

wire electrode is melt due to this heat and the base metal 

plates join with the help of the electrode and the weldment is 

ready.   

Equipment’s used: 

Power source consists of a power supply, transformer, a 

rectifier which converts the AC supply in DC supply and a 

control system to control the amount of current.  

Wire feeding system is used to feed the consumable electrode 

wire. It consists of a wire pool holder, a driving motor, a set of 

driving rollers and wire feed controls. The speed of the wire 

feed depends upon the amount of current being used. 

Welding torch used in MIG is slightly different from the one 

used in TIG welding. The torch has a mechanism to supply the 

wire continuously at a given feed rate. Also it has a nozzle to 

provide with shielding gases, to protect the weld from 

oxidation. Depending upon the amount of current supplied the 

welding torch is air or water cooled. 

Shielding gases are mostly used in the form of plasma to 

prevent the weld from reactive gases in the atmosphere such 

as oxygen. Choice of the shielding gas depends upon the 

welding material but mostly Helium and Argon or a mixture 

of both is used as shielding gases. A general setup of 

equipment used is shown in figure 4. 
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Fig. 4   Schematic view of MIG Welding 

 

 

Mechanism: 

The mechanism used in MIG is quite similar to the one used in 

TIG. The AC current from the power source is converted into 

DC current. This current is then supplied to the welding 

electrodes. The electrodes are connected to the negative 

terminal whereas the work piece is connected to the positive 

terminal. An arc will be generated which produces heat which 

in turn is used to melt the electrode and the base metal. To 

make the weld uniform, the electrodes are made of the same 

metal as that of the base metal. 

The electrode travels continuously on the base metal to form a 

uniform joint. The Arc is covered by a supply of shielding 

gases to prevent the weld from oxidation by reactive gases. 

Due to the fact that the electrodes are made up of wire the 

deposition rate are good and high amount of current can be 

used. Mechanism of MIG welding has been shown in figure 5. 

 

Fig. 5:Mechanism of MIG welding 

 

Applications: 

i. It is used for both ferrous and non-ferrous metals. 

ii. Used for fabrication of sheet metal products. 

iii. It can be used for deep groove welding. 

Advantages: 

i. It is faster than arc welding because filler metal is 

supplied continuously. 

ii. It is comparatively cheaper than TIG. 

 

Review of Experimental Results: 

Variation of Tensile Strength of the TIG Welded work 

piece with welding speed 

This test was conducted on a universal testing machine. The 

welding speeds were taken in cm/sec and the Bevel angle of 

the work piece was taken to be 30o. The results are shown in 

the figure 6. 
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Fig. 6 [2] Variation of tensile strength and welding speed at 

bevel angle 30o 

From the above experiment it wasconcluded that with the 

increase in welding speed, the tensile strength first increases 

and then decreases at higher speed.Thus an average welding 

speed is recommended to be used for welding of aluminum 

AA 6351 made components. 

Tensile test on TIG& MIG welded mild steel component 

 

Fig.7Comparison of mechanical properties of TIG & MIG 

welded mild steel component.[5] 

Tensile test was conducted on the specimen of TIG and MIG 

welded mild steel components to find the Ultimate tensile 

load(KN), Ultimate Tensile stress(N/mm2), Breaking 

load(KN), Breaking Stress(N/mm2) and the data obtained is 

represented in figure 7. 

From the above results,Vinay Kumar Attar, HimanshuArora 

,Shubham Sharma(2016)[5] have concluded that: 

i. TIG welding has a lower value of Ultimate Tensile Load as 

compared to MIG welding. 

ii. Breaking stress in MIG is very low as compared to that in 

the TIG weldement. 

Comparison of TIG& MIG welded A-6061 on the basis of 

Impact strength and Hardness of the welded region.  

In the paper “Investigation of Microstructure and Mechanical 

Properties of TIG and MIG Welding Using Aluminium Alloy” 

by Saurabh Kumar Khotiyan and SandeepKumar (2014) [7], 

they studied the effect of TIG and MIG welding on the 

hardness, impact strength and microstructure of A-6061 and 

the results obtained are shown in figure 8. 

 

 

 

Fig. 8 Comparison of hardness and impact strength of TIG & 

MIG welded Aluminum alloy [7]. 

 

After conducting the experiment they came to the conclusion 

that TIG welding has better Tensile strength, hardness, impact 

strength and microstructure compared to MIG for aluminum 

alloy.  

 

They also found out that the impact strength of TIG joints is 

higher than that of the MIG joints and the hardness of TIG 

joints is more whereas that of MIG joints is less. 

 

On the microstructure part they concluded that TIG welded 

components have a fine and uniformly distributed grains.  

However the microstructure found in MIG welded 

components is having a dendritic grain structure. Due to this 

difference in grain structure TIG welded joints have a better 

tensile strength and mechanical properties than that of the 

MIG welded joints. 

 

A research was conducted on AA-6062 by Yatender Gupta, 

Dr. AmitTanwar, Raunak Gupta and the results were 

published in the paper “Investigation of Microstructure and 

199

225

195
180

0

50

100

150

200

250

0.3 0.6 0.9 1.2

Te
n

si
le

 s
tr

e
n

gt
h

 N
/m

m
2

Welding speed cm/sec

Welding
Speed

Tensile
Strength

4.120

32.180

4.100

30.230

1.200

9.375

1.120

8.750

0.000

5.000

10.000

15.000

20.000

25.000

30.000

35.000

UTL UTS B.L. B. S.

N
u

m
e

ri
ca

l v
al

u
e

s

Mechanical Properties

TIG

MIG

134.31

43

132.33

39

0

50

100

150

I.S HRB

N
u

m
e

ri
ca

l V
al

u
e

s

Mechanical Properties

TIG

MIG



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 9 (2018) pp. 83-90 

© Research India Publications.  http://www.ripublication.com 

  
 

89 

Mechanical Properties of TIG and MIG Welding Using 

Aluminum Alloy”[6].The results which were concluded are 

shown in the figure 9. 

 

 

 

Fig. 9 Comparison of mechanical properties of TIG & MIG 

welded AA-6062[6]. 

From the above figure it can be concluded that MIG welding 

has better yield strength, joint efficiency and microstructure 

compared to TIG welding for the Aluminum alloy used in the 

experiment. In case of MIG the microstructure is very fine and 

equiaxed, having uniformly distributed grains with 

strengthening precipitates as compared to TIG welding 

process in which dendritic grain structures is found. Because 

of fine grain structure, the MIG joint possesses good tensile 

and mechanical properties than that of the TIG welding 

processes and henceMIG welding should be preferred over 

TIG welding for AA-6062 alloy. 

Variation of microstructure for various welding process 

For Aluminum 6061 Microstructure of only fusion joint is 

studied because the joint mainly fails at the fusion area. This 

microstructure is shown in figure10. Ram Gopaland R.S. 

Jadoun in theirpaper “A Review on Effects of GMAW and 

GTAW onMechanical Properties on Weld Zone of Aluminum 

Alloy by Taguchi Design of Experiment Technique” [9] studied 

the microstructure of weld fusion zone. 

 
TIG                              MIG 

Fig. 10 Microstructure of TIG and MIG welded  

Aluminum 6061[9] 

 

It can be concluded that the TIG welded component has a very 

fine and uniform grain structure whereas MIG welded 

component has a dendritic grain structure.  

 

Conclusions: 

 

Following conclusions can be put forward from the above 

study of the paper: 

i. Welding parameters such as welding speed, welding 

current, welding voltage, etc. have a considerable effect 

on the properties of the weldment and hence care should 

be taken while deciding the same. 

ii. For A-6061 TIG welding is preferable because the 

weldment produced has better tensile strength and impact 

strength as compared to the weldment produced by MIG 

welding, whereas for  A-6062, MIG should be preferred 

due to favourable grain structure. 

iii. For MS IS 2062 ultimate strength and yield strength 

varies with different bevel angles. Also increase in 

voltage and current results in increasing yield strength and 

ultimate tensile strength. 

iv. It has been observed that properties are largely dependent 

upon base material and the process used. If base material 

are different as mild steel and aluminium , the result 

require careful consideration. 
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