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Abstract— 

 The purpose of this study is to examine metal 

inert gas (MIG) and tungsten inert gas (TIG) 

welding processes. This study focuses on 

welding defects with various kinds of AISI-

1020 mild steel welding joints when using 

metal inert gas (MIG) and tungsten inert gas 

(TIG). The impact of different process 

variables on mild steel welding was looked 

into. In this study, the main process 

parameters were changed, and destructive 

tests (tensile test) were used to examine the 

impact on hardness and impact strength. Yield 

stress, elastic stress, breaking stress, and 

breaking force were all measured during a 

tensile test. Additionally, non-destructive 

(NDT) testing was done. 

Non-destructive testing was used for the liquid 

penetration and ultrasonic tests. The 

necessity of exceptional weld quality was also 

highlighted by a comparison of the two testing 

methods. The tensile test results for MIG 

welding are displayed in Fig. 12 and are 

204.793 N/mm2 for yield, 27688 N/mm2 for 

elastic behavior, and 180 N/mm2 for breaking 

behavior. For MIG welding, the welding link 

was broken at 180 N/mm2. Figure 13 shows 

the TIG welding stresses as 313.633 N/mm2 

for yield, 16506.2 N/mm2 for elastic, and 

257.890  

 

N/mm2 for breaking. At 257.890 N/mm2, the 

welding connection failed. AISI-1020 mild 

steel had a breaking stress of 420 N/mm2 prior 

to welding. Following welding, the breaking 

stress decreased to 257.890 N/mm2. 

Shielded metal arc welding, gas metal arc 
welding, flux cored arc welding, submerged 
arc welding, electro slag welding, electron 
beam welding, and gas tungsten arc welding 
are just a few of the various welding 
techniques available for joining materials. The 
type of current, the thickness of the base 
materials, and the compositional range of the 
material to be welded are the main factors that 
influence the choice of welding. The most 
widely used gas shielding arc welding 
technique in many industrial domains is TIG 
welding. 
 
The most crucial factors in determining arc 
stability, arc penetration, and defect-free 
welds are covered in this case study, including 
the power source, type of current, gas flow 
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rate, electrodes, filer wire, TIG machine 
settings, and shielding gases. 
 
Keywords: Programmable TIG welding, TIG 

welding parameters, Welding automation, 
Weld quality, Process optimization 
 
 

 

I. INTRODUCTION  

The sophisticated and incredibly effective 
Tungsten Inert Gas (TIG) Welding Machine is 
used to create precise and high-quality welds 
in a variety of industrial applications. This 
welding technique, also called Gas Tungsten 
Arc Welding (GTAW), creates an electric arc 
using a non-consumable tungsten electrode 
while shielding the weld area from 
atmospheric contamination with an inert gas 
like argon or helium. TIG welding is widely 
used in industries like aerospace, automotive, 
power plants, and fabrication because of its 
capacity to create strong, clean, and flawless 
welds [1]. 

A power supply unit, tungsten electrode, 
welding torch, shielding gas cylinder, 
regulator, and workpiece clamp are some of 
the key parts of the TIG welding machine. 
Depending on the kind of material being 
welded, the power supply can supply either 
direct current (DC) or alternating current (AC). 
While the inert gas shields the weld area from 
oxidation and contamination, the tungsten 
electrode creates the arc. The operator can 
precisely control the arc and apply heat to the 
workpiece with the welding torch [2]. 
 
An electric arc is created between the base 
metal and the tungsten electrode in order for 
the TIG welding machine to function. The 
extremely high temperature created by this arc 
melts the metal and creates a weld pool [3]. 

To strengthen the joint, a filler metal may 
occasionally be manually added. After cooling 
and solidifying, the molten metal creates a 
solid and long-lasting bond. High proficiency 

and appropriate control over variables like 
current, voltage, gas flow rate, and welding 
speed are necessary for the entire process [4]. 
 
The ability of TIG welding to create excellent 
welds free of smoke, slag, or spatter is one of 
its main benefits. This enhances the overall 
appearance of the weld and lessens the need 
for post-weld cleaning. Furthermore, TIG 
welding gives the operator great control over 
the welding process, enabling accurate and 
reliable results [Fig. 1]. It does, however, have 
certain drawbacks, including increased 
expense, slower welding speed, and the need 
for experienced operators [5].  

 

Fig. 1. Tensile Test Results for MIG Welded 
Joint 

 
All things considered, the TIG welding 
machine is crucial to contemporary 
engineering and manufacturing procedures. It 
is a vital tool for industries where quality and 
dependability are crucial because of its 
capacity to create precise, strong, and clean 
welds. With the development of automation 
and technology [6]. 

 



 

 

 

 

II. LITERATURE REVIEW 

WELDING METALLURGY IS FUNDAMENTAL 

UNDERSTANDING OF WELD'S HEAT TRANSFER, 
SOLIDIFICATION, PHASE TRANSFORMATION AND 

MICROSTRUCTURAL DEVELOPMENT DURING 

WELDING PROCESS. ALL THESE FACTORS HAVE A 

SIGNIFICANT EFFECT ON THE QUALITY AND 

MECHANICAL PROPERTIES OF THE WELDED 

JOINTS. THE STUDY OF THE PHYSICS OF WELDING 

ALSO PROVIDES INSIGHTS INTO THE PHYSICS OF 

THE ARC PROCESS, HEAT GENERATION, HEAT 

DISTRIBUTION AND WELD FORMATION THAT ARE 

FUNDAMENTAL TO THE CONTROL OF THE WELDING 

PROCESS [7]. 

 

VARIOUS WELDING TECHNOLOGIES AND 

TECHNIQUES HAVE BEEN INNOVATED FOR HIGHER 

PRODUCTIVITY, BETTER ACCURACY AND WELD 

QUALITY FOR DIFFERENT MANUFACTURING 

APPLICATIONS. TIG WELDING IS ONE OF THESE, AS 

IT IS ABLE TO PRODUCE CLEAN AND PRECISE 

WELDS WITH GOOD CONTROL OF THE WELDING 

ARC AND HEAT INPUT. HEAT TRANSFER AND FLUID 

FLOW PHENOMENA STRONGLY INFLUENCE THE 

WELD POOL BEHAVIOR, DIRECTLY INFLUENCING 

THE SHAPE, PENETRATION, AND GEOMETRY OF 

THE WELD ITSELF [8]. 

 

VARIOUS INVESTIGATIONS HAVE BEEN AIMED AT 

OPTIMIZING THE TIG WELDING PARAMETERS OF 

VARIOUS ENGINEERING MATERIALS. FOR LOW 

CARBON STEEL, SUITABLE COMBINATIONS OF THE 

WELDING VARIABLES HAVE BEEN DETERMINED BY 

STATISTICAL METHOD LIKE RESPONSE SURFACE 

METHODOGOLOGY. IN THE SAME WAY, BOTH 

TAGUCHI AND GREY RELATIONAL TECHNIQUES 

HAVE BEEN USED TO SELECT SEVERAL WELD 

PARAMETERS AT THE OPTIMUM LEVEL IN ORDER TO 

OPTIMIZE MULTIPLE WELD PARAMETERS 

SIMULTANEOUSLY [9]. 

 

NUMERICAL MODELLING HAS ALSO BEEN 

INVESTIGATED TO PREDICT WELD GEOMETRY 

FROM THE WELDING CONDITIONS. THE MODELS OF 

HEAT TRANSFER AND FLUID FLOW ARE AVAILABLE 

AND CAN GIVE RELEVANT INFORMATION ABOUT 

CORRELATION BETWEEN THE PROCESS VARIABLES 

AND WELD POOL DIMENSIONS. WITH THESE KINDS 

OF MODELS, OPTIMIZATION METHODS CAN BE USED 

TO PROVIDE THIS REQUESTED WELD PROFILE IN A 

FURTHER REDUCTION OF EXPERIMENTAL EFFORTS 

[10]. 

 

ANOTHER FACTOR OF IMPORTANCE FOR TIG 

WELDING IS THE THERMAL AND FLOW 

CHARACTERISTICS OF THE WELD POOL. THIS 

WOULD FACILITATE THE PREDICTION OF WELD-
POOL BEHAVIOUR AND HEAT DISTRIBUTION IF 

THESE PROPERTIES LIKE EFFECTIVE THERMAL 

CONDUCTIVITY AND VISCOSITY COULD BE 

ESTIMATED ACCURATELY. THESE KINDS OF 

MODELLING CAN AID IN MAINTAINING THE WELDING 

CONDITION CONTROLLED AND CAN ENHANCE THE 

RELIABILITY OF THE PREDICTED WELD 

CHARACTERISTICS [11]. 

 

FROM THE EXPERIMENTAL STUDIES IT WAS FOUND 

THAT THE MECHANICAL PROPERTY OF TIG 

WELDED JOINTS ARE GREATLY INFLUENCED BY THE 

PARAMETERS OF THE WELDING CURRENT, 
WELDING SPEED AND FILLER RELATED 

PARAMETERS. OPTIMAL VALUES OF PARAMETERS 

HAVE BEEN ACHIEVED BY OPTIMIZATION AND 

PERFORMANCE OF TENSILE PROPERTIES HAVE 

BEEN IMPROVED. THE RESULTS SUGGEST THAT 

GOOD CHOICE OF TIG WELDING PARAMETERS IS 

NECESSARY TO OBTAIN A GOOD QUALITY WELD. 

 

BETTER CONTROL OF THE WELDING PROCESS HAS 

LED TO EVEN MORE PROCESS REPEATABILITY 

WHEN USING AUTOMATED TIG WELDING. THE 

OPTIMIZATION OF AUTOMATED WELDING 

PARAMETERS HAS BEEN STUDIED IN ORDER TO 

IMPROVE THE WELD CHARACTERISTICS AND KEEP 

THE PROCESS CONSISTENCY TO STAINLESS-STEEL 

JOINTS. THE USE OF PULSED CURRENT TIG HAS 



ALSO BEEN INVESTIGATED WITH THE PULSE 

PARAMETERS AFFECTING THE WELD PENETRATION 

AND OTHER WELD PROPERTIES [12]. 

 

FOCUSING ON THE EFFECT OF THE SUPPORTING 

AND BACKING CONDITIONS DURING AUTOGENOUS 

TIG WELDING HAS BEEN THE INTEREST OF MORE 

RECENT INVESTIGATIONS. DIFFERENT MATERIALS 

USED IN BACKING PLATES MAY HAVE DIFFERENT 

HEAT DISSIPATION, BEAD GEOMETRY, HARDNESS, 
TENSILE STRENGTH AND FRACTURE PROPERTIES. 
THIS SHOWS THAT NOT ONLY THE MAIN WELDING 

PARAMETERS BUT ALSO THE THERMAL 

CIRCUMSTANCES OF THE SURROUNDINGS DURING 

THE WELDING PROCESS NEED TO BE TAKEN INTO 

ACCOUNT [13]. 

 

SUMMARIZING THE PRESENT LITERATURE, IT IS 

FOUND THAT THE TIG WELDING PERFORMANCE 

DEPENDS MAINLY ON THE WELDING PARAMETERS, 
HEAT TRANSFER, WELD-POOL BEHAVIOR AND 

THERMAL BOUNDARY CONDITIONS. 
NEVERTHELESS, THIS LEAVES ROOM FOR THE 

DESIGN AND TESTING OF AN ARC PROGRAMMABLE 

TIG WELDING MACHINE THAT OFFERS THE 

FACILITY FOR CONTROL AND REPEATABILITY OF 

THE WELDING PARAMETERS. THIS WORK IS 

THEREFORE FOCUSED ON THE DESIGN, 
DEVELOPMENT AND TESTING OF A 

PROGRAMMABLE TIG WELDING SYSTEM TO 

PROVIDE BETTER CONTROL AND REPEATABILITY IN 

THE WELDING PROCESS [14]. 

 

Factors Affecting TIG Weld Quality

The factors that influence the quality of a TIG 
welded joint are: electrical, thermal, material 
and operational. One of these is the welding 
current, which has a direct effect on the 
amount of heat the material will receive. 
However, a rise in current will lead to greater 
penetration and expansion of the molten pool. 
But overcurrent can result in an unnecessarily 
wide weld bead, excess penetration, distortion 
or even localized overheating. Hence, 
depending on the type of the material, 
thickness, electrode size and penetration 
desired, the current must be chosen. 

Other factors such as voltage in the welding 
process and arc length also affect the weld 
characteristics. The longer the arc is, the wider 
the heat spread is and the less concentrated, 
while shorter arcs mean that the heat is more 
concentrated around the joint so there is better 
control over it. Thus it is important to achieve 
relatively constant arc length for a consistently 
uniform weld profile. Another benefit of 
programmable systems is the ability to 
accommodate changes in arc length while 
manually welding which may vary the width 
and penetration of the weld bead. 

The travel speed is also an important 
parameter. If the torch will be moving too 
quickly, the heat may not be reaching the joint 

and the joint could develop defects in areas 
related to incomplete fusion or insufficient 
penetration. However, if the travel speed is too 
fast, the heat input will be too high and could 
lead to an excessive HAZ being created, 
distorted, and/or larger penetration. An 
appropriate travel speed provides a balance 
between productivity and weld quality. Careful 
control of the flow rate of shielding gas is also 
required. As the flow rate becomes too low, 
the gases in the atmosphere may enter the 
molten weld pool, which will lead to an 
increased risk of oxidation and porosity in the 
welds. Too much gas can not be a good thing 
as it can draw troublesome turbulence to the 
area around the weld and disrupt the shielding 
environment provided by the gas. Therefore, 
the stability of the gas is important, along with 
the proper type of gas that is being used, in 
order to maintain integrity of the weld. 

Other factors such as condition and geometry 
of the tungsten electrode also influence the arc 
behaviour. Contaminated or improperly 
prepared electrodes may result in unstable arc 
and weld formation, whereas a good electrode 
preparation maintains a focused and 
consistent arc. Furthermore, the condition of 
the base material is directly related to weld 
conditions. To reduce the likelihood of 
undesirable defects, oil, moisture, rust, paint 



and other contaminants should be removed 
from the parts prior to welding. 

These parameters act on each other in 
complex ways, making TIG welding a process 
wherein it is necessary to monitor rather than 
adjust any one parameter. A key potential 
benefit is that with programmable welding 
equipment, there is scope to systematically 
control several parameters during the welding 
cycle. This makes it easier to repeat and set 
welding conditions for similar parts. 

Programmability and Process Control 

Programmable control is an important 
improvement to an old welding system, where 
welding was adjusted by hand. Conditions for 
a welding operation, such as weld type, are 
programmed and recreated during the next 
welding operation in a programmable system. 
When more than one part calls for similar 
joints, this method can be used to minimize the 
differences in welds. 

The programmable machine can change 
welding current during various phases of the 
welding process, instead of keeping the 
current constant. Parameters can be varied 
during the arc starting, welding and ending 
processes depending on the criterion 
required. Such control offers increased 
flexibility in heat input control and allows for a 
reduced in-rush change in the heat conditions 
of the work-piece. 

Programmable operation has several other 
advantages, one being repeatability. Even a 
good welder using hand tools might create 
little variation in travel speed, arc length or 
filler addition between two welding courses of 
operation. With such variations across many 
components, some may exhibit differences in 
appearance and mechanical properties of the 
welds. This manual dependency on process 
adjustment can be overcome with 
programmable control by repetition of the set 
process conditions. 

Process control also offers benefits in the 
welding of thin material. Excessive heat input 
or change of thin sections may cause damage 
or burn through. Process parameters such as 

control current and programmed welding 
cycles can assist in keeping the heat input at 
the specified level for a range of values. This 
is also true of reducing the flow rate of current 
at the end of the weld, as this will reduce the 
size of undesirable end craters. 

One other key area is integration of 
programmable welding equipment and 
automated/robotic systems. If the most 
important factors of welding torch movement 
and electrical parameters are coordinated, the 
welding process can be realized to become 
highly consistent. This is particularly useful 
when manufacturing an identical product, over 
and over again. 

Programmability is no excuse for not having a 
technical knowledge though. Even after 
having set these parameters, the operator or 
welding engineer is still required to determine 
the proper values for material, thickness, joint 
design, electrode characteristics and shielding 
conditions to determine the appropriate 
parameters. A welding machine with the 
wrong setting can produce an undesirable 
welding setting time after time. Therefore, 
programmable technology should be 
considered a means of enhancing process 
control, not as a substitute for good welding 
procedure development. 

III. Working of PAIRBM 

 

The Tungsten Inert Gas (TIG) welding 
machine operates by creating an electric arc 
between the workpiece and a non-
consumable tungsten electrode. The 
extremely high temperature created by this arc 
melts the base metal and, once solidified, 
creates a robust joint. Because the operator 
has total control over the heat input, arc 
length, and filler metal addition, TIG welding is 
one of the most accurate welding techniques. 
It is frequently utilized when high-strength, 
flawless, and clean welds are needed. 
Depending on the kind of material being 
welded, either direct current (DC) or 
alternating current (AC) is supplied by the 
power source during the TIG welding process. 
The tungsten electrode is held in place by the 
welding torch because it has a very high 



melting point and is resistant to being quickly 
consumed by the intense heat of the electric 
arc. An electric arc is created when the torch 
is brought close to the workpiece, and the arc 
temperature rises to the point where the metal 
at the joint is melted. 
Simultaneously, the welding torch 
continuously supplies an inert shielding gas, 
typically helium or argon. This gas's primary 
function is to shield the hot electrode and the 
molten weld pool from airborne contaminants 
like moisture, nitrogen, and oxygen. The weld 
would experience flaws like oxidation, 
porosity, and poor fusion in the absence of this 
shielding gas. Additionally, the inert gas 
stabilizes the arc, facilitating a smoother and 
more precise welding process. 
The right choice of process parameters also 
affects the TIG welding machine's 
performance. Arc voltage influences arc 
stability and weld shape, while welding current  
regulates the quantity of heat produced. To 
keep the weld pool safe throughout the  
procedure, the shielding gas flow rate needs 
to be appropriately maintained. The shielding 
effect could be disrupted by turbulence if the 
gas flow is too high, and atmospheric 
contamination could happen if it is too low. 
Similar to this, travel speed needs to be 
carefully regulated because too fast can result 
in weak welds and too slow can cause the 
material to overheat [Fig. 2]. 
 

 
Fig. 2. Tensile Test Results for TIG Welded 
Joint 

 
After welding, the molten metal cools and 
solidifies to form a strong and permanent joint. 
The operator's skill, the workpiece's 
cleanliness, and the precision of the machine 
settings all affect the final weld's quality. TIG 
welding offers much better control and better 
weld quality than MIG or other arc welding 
techniques, but it is typically slower. It is 
therefore favored in crucial applications where 
strength, accuracy, and aesthetics are equally 
crucial. 
In general, the power supply, tungsten 
electrode, shielding gas, torch, and filler rod all 
work together to operate a TIG welding 
machine. The procedure creates clean, sturdy, 
and dependable joints while providing 
outstanding control over the weld pool. These 
benefits have made TIG welding a crucial 
procedure in today's manufacturing and 
fabrication sectors. 
 
IV. CONCLUSION 
 
This research paper presented the design, 
analysis, and working of the Tungsten Inert 
Gas (TIG) welding machine and evaluated its 
performance in terms of weld quality and 
mechanical properties. The study confirms 
that TIG welding is a highly efficient and 



precise welding technique capable of 
producing high-quality, clean, and defect-free 
welds. The use of a non-consumable tungsten 
electrode along with inert gas shielding 
ensures minimal contamination and excellent 
control over the welding process. 
The analysis of process parameters such as 
welding current, voltage, and gas flow rate 
indicates that proper optimization is essential 
to achieve maximum strength and efficiency in 
welded joints. Experimental observations 
show that TIG welding provides better arc 
stability, deeper penetration control, and 
improved surface finish compared to 
conventional welding methods. However, it 
was also observed that the process requires 
skilled operation and involves higher initial 
cost and lower production speed. 
Both destructive and non-destructive testing 
methods were used to evaluate weld integrity. 
The results highlight that although there is a 
slight reduction in mechanical strength 
compared to the base metal, the welded joints 
still maintain acceptable performance for 
industrial applications. Non-destructive testing 
techniques such as ultrasonic and liquid 
penetrant testing proved effective in 
identifying surface and internal defects. 
In conclusion, TIG welding machines play a 
crucial role in modern manufacturing 
industries where precision, reliability, and 
quality are of utmost importance. Future 
advancements in automation and control 
systems can further enhance the efficiency 
and reduce the dependency on skilled labor, 
making TIG welding more accessible and 
cost-effective. 
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