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Abstract- Tungsten Inert Gas (TIG) welding and Metal Inert Gas (MIG) welding are now commonly employed 
independently in welding applications, owing to their distinct advantages such as high deposition rate, 
production efficiency, especially the ability to accomplish high speed welding of thick plates or solid rods. 
Moreover clean and sound joints, narrow heat affect zone, better weld shape and deeper weld penetration are 
additional features of these two arc welding processes. As a result, mechanical properties of welded assemblies 
are much enhanced particularly, joints made of stainless steel, magnesium alloys and low carbon steels. In this 
project, the main objective is to develop a new hybrid TIG/MIG welding method for joining dissimilar metal 
weldments, examine the mechanical integrity of the welded joints and compare the results with that of 
individual welding methods (TIG and MIG independently). In literature, TIG and MIG weldments are 
performed independently and the results are compared in welding stainless steel and mild steel materials. In this 
attempt, this work is extended by developing a hybrid welding method combining TIG and MIG welding 
methods to weld dissimilar metallic materials. Conventionally, mechanical integrity of weldments is analysed 
through investigating the mechanical properties such as yield strength, ultimate tensile strength, % reduction 
area and % elongation values related to the weldments.  In this attempt too, all of the above integrity elements 
are measured and analysed for a comprehensive comparative outcomes. AWS standards are used to prepare the 
welding specimens and CNC lathe machine was used to produce the welding specimens that are made of SS 304 
grade steel and Mild Steel materials. Design of the experiments and methodology are suitably planned after 
deciding the number of sample weldments and the key parameters of welding are analysed and compared with 
TIG and MIG with TIG/MIG hybrid. The experimental results reveal that the TIG/MIG hybrid method proves to 
be a prospective alternative for TIG and MIG methods and in most of occasions and parameter set, it is found to 
result in better mechanical properties.  
 
 
I. INTRODUCTION 
 
Welding is considered as one of the most commonly 
used fabrication methods in today’s industrial 
applications. TIG and MIG welding methods are 
modern welding methods in which inert and active 
gases are used to prevent the weld pool from 
atmospheric oxidation. Both these methods are arc 
welding methods in which electric spark is used to 
generate required thermal energy for fusing the parent 
metals. TIG uses argon and helium gases to protect 
the weld pool while MIG uses CO2 gas.  In TIG 
welding process, a non-consumable tungsten 
electrode is used while a consumable feed wire is 
used in MIG welding. TIG and MIG weldments serve 
a number of purposes in engineering applications as 
the joints are fairly strong and by far free from 
welding flaws and defects. In tungsten inert gas 
welding, filler bar could possibly be utilized. The 
utilization of filler bar relies on upon the way of the 
workpiece to be welded. In the event that filler rod is 
utilized, it is persistently dissolved by the bend and 
encouraged into the weld pool.  Inert gas supply is 
always given around the electrode amid the welding 
procedure. The inert gas shapes a gas shielding 
around the weld. It conserves the weld from the 
outside air. In the current attempt, a new method 
called Hybrid TIG/MIG welding has been 

implemented and the mechanical integrity of the 
hybrid weldments is analysed. Yield strength, UTS 
and % elongation and % reduction of area are the key 
parameters of Hybrid weldments which are measured 
and compared with that of TIG and MIG weldments 
individually. The results show that the hybrid welding 
outcomes are better that those of individual MIG and 
TIG methods in most of the instances. This project 
used a range of facilities such as TIG and MIG 
welding machines for performing welding operation, 
CNC Lathe machine for preparing the welded 
specimens conforming to the AWS standards 
(Lincoln Electric, 2016), Universal Tensile Testing 
Machine (UTM) for performing the tensile test on the 
welded assembly and so on  
 
Gao et al., (2009) presented laser metal inert gas 
(MIG) hybrid welding process to weld AZ31 
magnesium alloy and analysed weld shape, 
microstructure characteristics and mechanical 
properties in comparison of single laser and arc 
welding methods. The above work clearly gave an 
idea to the authors to think about hybridization of two 
welding processes to develop an innovative joining 
method. Another paper (Suresh Kumar et al.,2011)  
analysed characteristics of the metal after it is welded 
during TIG and MIG welding processes. In this paper 
the voltage is taken constant and various 
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characteristics such as strength, hardness, ductility, 
grain structure, modulus of elasticity, tensile strength 
breaking point, HAZ are observed and analyzed. 
Mishra, Tiwari & Rajesha (2014) developed a 
comparative study on TIG and MIG welding 
separately in terms of yield strength and UTS values 
of the weldments. 
 
The dissimilar metal joints are made up of stainless 
steel and mild steel as these types of join are very 
common structural applications and very critical 
because of carbon precipitation and loss of chromium 
leads to increase in porosity affects the quality of 
joint leads deteriorate strength. The results and data 
from the above study are used here in the current 
research for comparison with that of TIG/MIG hybrid 
welding results. In this study, stainless steel of grades 
202, 304, 310 and 316 were welded with mild steel 
by Tungsten Inert Gas (TIG) and Metal Inert Gas 
(MIG) welding processes. Subsequently Zhang et al., 
(2016) recalled that the heat treatable Al–Zn–Mg–Cu 
alloys (7XXX series) have been widely used in the 
aerospace, high-speed train, automotive, shipbuilding 
etc. industries for their attractive properties after the 
appropriate heat treatment, especially their high 
specific strength.  In this paper, TIG and laser 
welding method were used individually to weld 
sheets of a new Al–Zn–Mg–Cu alloy with T6 temper. 
Microstructure characteristics and mechanical 
properties of joints were then compared and analyzed. 
Results show that the width of the fusion zone (FZ) 
and heat affected zone (HAZ) in laser joint is 
obviously smaller. This attempt inspired the authors 
to resort to a novel hybrid method of joining to take 
advantage of individual joining methods. 
 
This is how TIG/MIG was developed to weld 
dissimilar materials in the current paper.  Later 
Yufeng Zhang et al., (2016) presented MIG-TIG 
double-sided arc welding (DSAW)-brazing process to 
join aluminum alloy and stainless steel using Al-Si 
filler metal and Nocolok flux. The joints were made 
at different welding parameters. Authors then chose 
two dissimilar materials such as Stainless Steel and 
Mild Steel for the purpose of welding using the new 
hybrid TIG/MIG welding method.   
 
II. PROBLEM DESCRIPTION 
 
In recent times, dissimilar metal joints are very 
frequently encountered in various industrial 
applications and they are found to provide good 
combination of mechanical properties like strength, 
corrosion resistance with lower cost. One of the 
challenges faced in welding dissimilar materials is the 
melting point and therefore selection of a welding 
process for the above task is extremely difficult.  
Particularly, weldments made from stainless steel and 
mild steel are very critical as mentioned earlier 
(Mishra, Tiwari & Rajesha, 2014).  

 
Table 1. Parent Materials Specifications 

 
Therefore, in this attempt, a new TIG/MIG hybrid 
welding method is developed to weld SS and MS 
cylindrical rods – circular grooved joints. AWS 
standards are used to prepare the welding specimens 
and CNC lathe machine was used to produce the 
welding specimens that are made of SS 304 grade 
steel and MS materials. Design of the experiments 
and methodology are suitably planned after deciding 
the number of sample weldments and the key 
parameters of welding are analysed and compared 
with TIG and MIG with TIG/MIG hybrid.   
 
III. EXPERIMENTAL SET UP 
 
The geometry of the base metals specimens are 
prepared as per AWS standards and illustrated in 
Figure 1. Welding parameters that are set for TIG and 
MIG and TIG/MIG machine are presented in Table 1. 
The entire experimental works were carried out the 
welding laboratory workshop. During hybrid welding 
process, half of the circular specimen was welded 
with TIG machine and the remaining half of the 
circular butt join was welded with MIG machine. 
Proper safety and personal protection measures were 
taken before welding process was carried out. Once 
welding process is completed and welded assemblies 
are taken to Materials Testing Laboratory to test them 
under uniaxial tensile load using Universal Tensile 
Testing machine. The variables which are compared 
for the results are Yield Strength, Ultimate Tensile 
Strength, % elongation and % area reduction.   
 

 
Table 2. TIG & MIG Welding Setting Variables 
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Figure 1.  2D and 3D Drawing of Circular Specimen 

 
IV. RESULTS AND DISCUSSION 
 
The tensile tests are carried out to measure the joint 
strength and behaviour using a 100 kN capacity 
UTM. Figure 2 illustrates the tensile test curves 
obtained from UTM on 9 welded samples from each 
different welding process. The gauge length 
maintained for each of the above sample is 20 mm 
and the curves are generated by the UTM facility.  
 

 
(a) 

 

(b) 

 
(c) 

Figure 2. Tensile Test Results for 
(a) TIG (b) MIG (c) TIG/MIG Hybrid 

 
Table 3 presents the comparative figures of key 
parameters for three different welding processes. The 
values are reflecting the average values of three 
samples for each welding method.  All the specimens 
broke in the near weld and away from the weld region 
and percentage of elongation values measured across 
the weldments show ductility ranging from 11% to 
14.4%.  
 

Table 3 Tensile Test Results (TIG, MIG & TIG/MIG) 

 
 
CONCLUSION 
 
A new method called Hybrid TIG/MIG welding 
method has been implemented in this work and the 
mechanical integrity of the weldments is analysed. 
Yield strength, UTS and % elongation and % 
reduction of area are the key parameters which are 
measured and compared with TIG and MIG 
weldments and with that of TIG/MIG hybrid 
weldments. The results show that the hybrid welding 
outcomes are better that those of individual MIG and 
TIG methods in most of the instances. This work used 
a range of facilities such as TIG and MIG welding 
machines for performing welding operation, CNC 
Lathe machine for preparing the welded specimens 
conforming to the AWS standards, Universal Tensile 
Testing Machine (UTM) for performing the tensile 
test on the welded assembly and so on.  
 
From the study, following conclusions can be drawn:  
 
 Compared to TIG welding and MIG 
welding, TIG/MIG hybrid welding proves equal and 
in many instances better than TIG and MIG processes 
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for welding dissimilar metals SS 304 and MS in 
terms of UTS and therefore better joint strength. As 
per the results presented in Table 3, UTS of TIG/MIG 
is 430 MPa as compared to 421 and 428 MPa for TIG 
and MIG respectively.   
 
 In another occasion, the average yield 
strength of the hybrid process is 334 MPa which is 
better than MIG welding, but lesser than that of TIG 
welding. It is perhaps due to the sample size we have 
chosen.  
If the number of samples is more, then test results 
would prove to be better for the hybrid welding. If the 
above hybrid welding method is designed to cover a 
wider range of dissimilar materials, the hybrid set up 
can be used a working model used regular laboratory 
experiments to the students of this college. Due to 
limitation in availability of other dissimilar metals 
such as copper, aluminum, magnesium and their 
alloys, the study was limited to SS and MS 
combination. The study can be further extended to 
cover the above non-ferrous metals and ferrous metal 
combinations which would provide greater insights in 
to the modern welding methods.   
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