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--------------------------------------------------------ABSTRACT----------------------------------------------------------- 

There are number of welding methods available for welding materials such as 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 methods. The choice of the welding depends on several factors; 

primarily among them are the compositional range of the material to be welded, the thickness of the base 

materials and type of current. Tungsten inert gas (TIG) welding is the most popular gas shielding arc welding 

process used in many industrial fields. Other arc welding processes  have limited quality when they are 

compared to TIG welding processes. However, TIG welding also needs improvements regarding spatter 

reduction and weld quality of the bead. Shielding gas in TIG welding is desirable for protection of atmospheric 

contamination. TIG welding process has the possibility of becoming a new welding process giving high quality 

and provides relatively pollution free.  

In this case study, we discuss the influence of the power source, type of current, gas flow rate, 

electrodes, filer wire, TIG  Machines settings, and shielding gases which are most important in determine arc 

stability, arc penetration and defect free welds. To do this a thorough literature survey is carried out on various 

aspects of the proposed topic, in various peer-reviewed journals, patents, books and other research resources. 

We have identified the suitable range of current, the thickness of the base metal, the diameter of electrode, the 

composition of electrode and filler wire, the gas flow rate required for high quality TIG welding process. 
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I. INTRODUCTION 
1.1 Background 

TIG welding was, like MIG/MAG developed during 1940 at the start of the Second World War. TIG‟s 

development came about to help in the welding of difficult types of material, example aluminum and 

magnesium. The use of TIG today has spread to a variety of metals like stainless mild and high tensile steels.  

Arc welding is a technique to melt and join different materials that is widely used in the industry. The 

gas tungsten arc welding (GTAW) process is sometimes referred to as TIG, or heliarc. The term TlG is short for 

tungsten inert gas welding. Under the correct welding conditions, the tungsten electrode does not melt and is 

considered to be non consumable. To make a weld, either the edges of the metal must melt and flow together by 

themselves or filler metal must be added directly into the molten pool. Filler metal is added by dipping the end 

of a filler rod into the leading edge of the molten weld pool. Most metals oxidize rapidly in their molten state. 

To prevent oxidation from occurring, an inert gas flows out of the welding torch, surrounding the hot 

tungsten and molten weld metal shielding it from atmospheric oxygen. GTA welding is efficient for welding 

metals ranging from sheet metal up to 1/4 in. The eye-hand coordination required to make TIG welds is very 

similar to the coordination required for oxy- fuel gas welding. 

Although most other welding processes are faster and less expensive, the clean, neat, slag-free welds 

GTAW produces are used because of their appearance and ease of finishing. The TIG welding process is so 

good that it is widely used in the high-tech industry applications such as, nuclear industry, aircraft, food industry, 

maintenance and repair work and some manufacturing areas [1, 2]. TIG welding is a welding process that uses a 

power source, a shielding gas and a TIG hand piece. An electric arc is then created between the tungsten 

electrode and the work piece. The tungsten and the welding zone are protected from the surrounding air by a gas 

shield (inert gas). The electric arc can produce temperatures of up to 19,400
o 

C and this heat can be much 

focused local heat.  
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II. LITERATURE REVIEW 
In this chapter an overview of TIG welding process, equipments,  power sources, types of electrode, 

shielding gases, types of current, gas flow rate will be discussed. This will give a brief overview on TIG welding 

parameters and techniques used for this study. TIG processes can weld practically all ferrous and nonferrous 

materials to themselves or to very similar alloy compositions. For welding dissimilar metals, TIG is the process 

of choice, permitting carbon steels to be joined to stainless or to copper alloys. Before opting for such designs, 

however, consideration should be given to consequent effects, such as galvanic corrosion and differences in 

expansion coefficients and conductivity. Welding dissimilar metals requires special attention to electrode 

composition, welding technique, and other factors, and involves additional cost.  

TIG welding is a welding process that uses a power source, a shielding gas and a TIG hand piece. The 

power is fed out of the power source, down the TIG hand piece 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. The 

tungsten and the welding zone are protected from the surrounding air by a gas shield (inert gas). The electric arc 

can produce temperatures of up to 19,400
o
C and this heat can be much focused local heat. The weld pool can be 

used to join the base metal with or without filler material [1, 2]. 

 

2.1 Principle of TIG Welding: 

During TIG welding, an arc is maintained between a tungsten electrode and the work piece in an inert 

atmosphere (Ar, He, or Ar-He mixture). Depending on the weld preparation and the work-piece thickness, it is 

possible to work with or without filler. The filler can be introduced manually or automatically with regarding to 

types of process. The process itself can be manual, partly mechanized, fully mechanized or automatic. The 

welding power source delivers direct or alternating current [6].  

 

2.2 TIG Welding Equipment: 

Four major components make up a GTA welding station. They are the welding power supply, often 

called the welding machine; the welding torch, often called a TIG torch; the work clamp, sometimes called the 

ground clamp; and the shielding gas cylinder, Figure 1.There are a variety of hoses and cables that connect all 

three of these components together [4,5]. 

 
Figure 1 - Tungsten inert gas welding station setup. 

 

2.3 Types of welding current used for TIG: 

2.3.1 DCSP - Direct Current Straight Polarity - (the tungsten electrode is connected to the negative terminal). 

This type of connection is the most widely used in the DC type welding current connections. With the tungsten 

being connected to the negative terminal it will only receive 30% of the welding energy (heat). This means the 

tungsten will run a lot cooler than DCRP. The resulting weld will have good penetration and a narrow profile. 

 

2.3.2 DCRP - Direct Current Reverse Polarity - (The tungsten electrode is connected to the positive terminal). 

This type of connection is used very rarely because most heat is on the tungsten, thus the tungsten can easily 

overheat and burn away. DCRP produces a shallow, wide profile and is mainly used on very light material at low 

amps. 

 

2.3.3 AC – Alternating Current – is the preferred welding current for most white metals, eg aluminum and 

magnesium. The heat input to the tungsten is averaged out as the AC wave passes from one side of the wave to 

the other.  
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Figure 2 - Heat distributions between the tungsten electrode and the work with each type of welding current. 

 

2.4 Characteristics of current types for gas tungsten arc welding 

All three types of welding current can be used for GTA welding. Each current has individual features that 

make it more desirable for specific conditions or with certain types of metals. The current used affects the heat 

distribution between the tungsten electrode and the weld and the degree of surface oxide cleaning that occurs. A 

look at each type and its uses will help the operator select the best current type for the job. The type of current 

used will have a great effect on the penetration pattern as well as the bead configuration. In Figure 2 above 

shows the heat distribution for each of the three types of currents [2]. 

2.4.1 Direct-current electrode negative: 

DCEN, which used to be called direct-current straight polarity (DCSP), concentrates about two-thirds of its 

welding heat on the work and the remaining one- third on the tungsten. The higher heat input to the weld results 

in deep penetration.  

 
                       Figure 3 - direct-current straight polarity             Figure 4 - direct-current reverse polarity 

 

2.4.2 Direct-current electrode polarity: 

DCEP, which used to be called direct-current reverse polarity (DCRP), concentrates only one-third,-of the' heat 

on the plate and two-thirds of the heat on the electrode. This type of current produces wide welds with shallow 

penetration, but it has a strong cleaning action upon the base metal. The high heat input to the tungsten indicates 

that large-size tungsten is required, and the end shape with a ball must be used. The low heat input to the metal 

and the strong cleaning action on the metal make this a good current for thin, heavily oxidized metals.  

 

2.4.3 Alternating Current: 

Alternating current (AC) concentrates about half of its heat on the work and the other half on the tungsten. 

Alternating current is continuously switching back and forth between DCEN and DCEP.  

  
Figure 5 -  AC current               Figure  6 - TIG welding torch 
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2.5 TIG welding torches: 

TIG welding torches are available water-cooled or air-cooled, Figure 6. The heat transfer efficiency for 

TIG welding may be as low as 20%. This means that 80% of the heat generated does not enter the weld. Much of 

this heat stays in the torch. To avoid damage to the torch, the heat must be removed by some type of cooling 

method. [1] 

 

2.6 TIGW Torch Components 

Collet Body: The collet body screws into the torch body. It is replaceable and is changed to accommodate 

various size tungsten‟s and their respective collets. Collets: The welding electrode is held in the torch by the 

collet. The collet is usually made of copper or a copper alloy. The collet‟s grip on the electrode is secured when 

the torch cap is tightened in place. Good electrical contact between the collet and tungsten electrode is essential 

for good current transfer.  

 

Nozzles: 

Gas nozzles or cups as they are better known, are made of various types of heat resistant materials in 

different shapes, diameters and lengths. The nozzles are either screwed into the torch head or pushed in place. 

Nozzles can be made of ceramic, metal, metal-jacketed ceramic, glass, or other materials.Ceramic is the most 

popular, but are easily broken and must be replaced often. Nozzles used for automatic applications and high 

amperage situations often use a water-cooled metal design. Gas nozzles or cups must be large enough to provide 

adequate shielding gas coverage to the weld pool and surrounding area. A nozzle of a given size will allow only 

a given amount of gas to flow before the flow becomes turbulent [2]. 

  
         Figure 7 - Ceramic cup or nozzle                           Figure  8 - TIG torch components 

 

Back Caps - The back cap is the storage area for excess tungsten. They can come in different lengths depending 

on the space the torch may have to get into (eg. long, medium and short caps). 

Regulators: 

The function of the gas regulator is to reduce bottle pressure gas down to a lower pressure and deliver it at a 

constant flow. This constant flow of gas flows down through the TIG torch lead to the TIG torch nozzle and 

around the weld pool. The pressure in the steel cylinders is between 200 and 300 bar. In order to use the 

shielding gas the high pressure must be reduced to a suitable working pressure. 

 
Figure 9 - Pressure regulators 

2.7TIGWeldingMachineGround: 

                Welding machines that utilize a flexible cord and plug arrangement or those that are permanently 

wired into an electrical supply system contain a grounding conductor. The grounding conductor connects the 

metal enclosure of the welding machine to ground. If we could trace the grounding wire back through the 

electrical power distribution system we would find that it is connected to earth, and usually through a metal rod 

driven into the earth.  

 
Figure 10 – TIG welding machine ground 
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Table 1- Shield gas selection and use shown in the table below [2] 

 

Table 2 Suggested nozzle sizes and gas flow rates 

 

Material thickness (mm) 

 

Gas nozzle diameter (mm) 

Shield gas flow rates 

Argon 

(L/min) 

Helium 

(L/min) 

up to 1 9.5 3.4 7.5 

1 to 3 9.5 4.5 9.5 

3 to 5 12.5 5.6 11.8 

5 to 9 12.5 7.0 14.2 

9 to 12 16.0 8.0 16.5 

12 and above 25.0 12.0 21.0 
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2.8 Pre-flow and Post-flow: 

The purpose of both pre-flow and post-flow is to prevent contamination of both the weld pool and the 

tungsten electrode by the surrounding atmosphere. 

 

Table 3 - Post welding Gas Flow Times                          Table 4 - Tungsten Electrode Types and Identification 

 

Electrode diameter 

(mm) 

Post welding 

gas flow time 

0.25 5 see 

0.5 5 see 

1.0 5 see 

2 8 see 

2.4 10 see 

3 15 see 

 

2.9 Selecting the best tungsten composition: 

To correctly prepare your tungsten electrode for welding you must first select the composition and 

diameter best suited for your application. Below listed are the 5 most commonly produced tungsten welding 

electrodes for TIG DC, TIG-AC, and Plasma welding [3] 

 

Figure 11 - Different types of composition tungsten electrodes 

2.10 Electrode sizes and current capacities: 

Tungsten and Thoriated tungsten electrode sizes and current ranges are listed in Table 5, along with 

shield-gas cup diameters recommended for use with different types of welding power. 

Table 5 - Electrode sizes and current ranges 

  Typical Current Range (Amps) 

  Direct Current, 

DC 

Alternating Current, 

AC 

  DCEN  70% Penetration Wave A(50/50) Balanced 

Tungsten 

Diameter 

Gas Cup 

Inside 

Diameter  

Ceriated 

Lanthanated 

Thoriated 

Pure Ceriated 

Lanthanated 

Thoriated 

Pure Ceriated 

Thoriated 

Lanthanated 

0.040ʺ 0.375 ʺ 15 – 80  20 – 60  15 – 80  10 – 30  20 – 60 

0.060ʺ 0.375ʺ 70 – 150  50 – 100  70 – 150  30 – 80  60 – 120 

0.093ʺ 0.50ʺ 150 – 250  100 – 160  140 – 235  0 – 130  100 – 180 

AWS  

Classification 

Tungsten Composition Tip color 

EWP Pure tungsten Green 

EWTh-1 1% thorium added yellow 

EWTh-2 2% thorium added red 

EWZr 1/4 to 1/2% zirconium added brown 

EWCe-2 2% cerium added orange 

EWLa-1 1% lanthanum added black 

EWG Alloy not specified Grey 
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III. AUTOMATED TIG WELDING, SET UP AND TUNGSTEN ELECTRODE 

PREPARATION 

3.1 Automated TIG Welding: 

This chapter contains principle of automated TIG arc welding, assembly of machine, tungsten electrode 

preparation, operating variables and defects which are the main important things for TIG welding quality are 

discussed [6]. 

 

Figure 12 - Automatic feeding of filler material 

3.2 Assembling the GTA Welding Station:                   3.3 Install Tungsten: 

       

        Figure 13 - Install the nozzle (cup) to the torch body.                   Figure 14 - Electrode stick out. 

3.4 Shaping the tungsten electrode: 

The desired end shape of a tungsten electrode can be obtained by grinding, breaking, re-melting the end, or using 

chemical compounds. Tungsten is brittle and easily broken. Welders must be sure to make a smooth, square 

break where they want it to be located [2, 3]. 

 

 

Figure 15 - Preparation of Tungsten Electrodes (Approximate Dimensions) 
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3.5 Grinding a Tungsten Electrode Point:  

  

  Figure 16 - Incorrect method of grinding a tungsten electrode 

 

  Figure 17-Correct method of grinding a tungsten electrode. 

 

IV. GUIDE LINE FOR TIG WELDING DEFECTS, CAUSES AND REMEDIES 

Table 6 - Defects and remedies 

Problem Cause Solution 

Excessive 

Electrode 

Consumption 

1. Improper size electrode for current 

required 

2. Operating of reverse polarity 

3. Electrode contamination 

4. Shield gas incorrect 

1. Use larger electrode 

2. Use larger electrode or change polarity 

3. Remove contaminated portion, then prepare 

again 

4. Change to proper gas (no oxygen or CO2) 

Erratic 

Arc 

1. Incorrect voltage (arc too long) 

2. Current too low for electrode size 

3. Electrode contaminated 

1. Maintain short arc length 

2. Use smaller electrode or increase current 

3. Remove contaminated portion, then prepare 

again. 

Inclusion of 

Tungsten or Oxides 

in Weld 

1. Poor scratch starting technique 

2. Excessive current for tungsten size used 

3. Accidental contact of electrode with 

puddle 

4. Using excessive electrode extension 

1. Many codes do not allow scratch starts. Use 

copper strike plate. Use high frequency arc starter 

2. Reduce the current or use larger electrode 

3. Maintain proper arc length and filler metal 

4. Reduce the electrode extension to 

recommended limits. 

Porosity in Weld 

Deposit 

1. Entrapped impurities, hydrogen, 

air,nitrogen,  

2. Defective gas hose or loose connection 

3. Filler material is damp (aluminum) 

4. Filler material is oily or dusty 

5. Contaminated shield gas 

1. Do not weld on wet material. Remove 

condensation from line with adequate gas pre-flow 

time 

2. Check hoses and connections for leaks 

3. Dry filler metal in oven prior to welding 

4. Replace filler metal 
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Excessive 

Electrode 

Consumption 

1. Inadequate gas flow 

2. Improper size electrode for current 

required 

3. Operating of reverse polarity 

4. Electrode contamination 

1. Increase gas flow 

2. Use larger electrode 

3. Use larger electrode or change polarity 

4. Remove contaminated portion, then prepare 

again 

Inadequate 

Shielding 

1. Gas flow blockage or leak in hoses or 

torch 

2. Excessive travel speed exposes molten 

weld to atmospheric contamination 

1. Locate and eliminate the blockage or leak 

2. Use slower travel speed or carefully increase 

the flow rate to a safe level below creating 

excessive turbulence. Use a trailing shield cup 

Inadequate 

Shielding 

1. Gas flow blockage or leak in hoses or 

torch 

2. Excessive travel speed exposes molten 

weld to atmospheric contamination 

3. Wind or draughts 

4. Excessive electrode stickout 

5. Excessive turbulence in gas stream 

1. Locate and eliminate the blockage or leak 

2. Use slower travel speed or carefully increase 

the flow rate to a safe level below creating 

excessive turbulence. Use a trailing shield cup 

3. Set up screens around the weld area 

4. Reduce electrode stickout. Use a larger size cup 

5. Change to gas saver parts or gas lens parts 

 

V. CONCLUSION 
In this case study, we discuss the influence of the power source, type of current, gas flow rate, 

electrodes, filer wire, TIG  Machines settings, and shielding gases which are most important in determine arc 

stability, arc penetration and defect free welds. To do these a thorough literature survey is carried out on various 

aspects of the proposed  topic, in various peer-reviewed journals, patents, books and other research 

resources.The prominent resluts of the present study are summurized below. All the necessary TIG welding 

principles, equipments, parameters, Shielding gases and tungsten electrodes for welding similar and dissimilar 

metals work have been explained. 
 

 One of the prime considerations for gas tungsten arc welding is the cleanliness of the equipment, 

supplies, base metal, filler metal, the welder's gloves, and so forth. When everything is clean, you will 

find that the welding process proceeds more easily and more successfully.  

 Another major factor affecting your ability to produce quality welds is the tungsten end or tip shape. 

When welding on aluminum the tungsten will begin to form a ball, this is perfectly normal. When 

welding steel the electrode will always stay pointed.  

 Welding torches available with torch ratings ranging from some tens of A to 450 A, the appropriate 

rating depending essentially on the thickness of the metal to be welded. 

 The compositions of filler rods should be chosen to suit the parent metals being welded. The filler rod, 

if used, should be fed into the leading edge of the weld pool with a slow, „dabbing‟ action at an angle 

of 10–20°.The choice of which welding process was adopted cannot be made  be made lightly 

because it can significantly impact a company‟s success both in terms of product costs and the ability 

to compete successfully in the market with regard to high quality of weld. Manufactures‟ need to 

decide many factors in to consideration when determining those TIG welding parameters for their 

operations. 

 Automation or mechanization of the TIG process can have a number of benefits. These include the 

ability to use faster travel speeds, resulting in less distortion and narrower heat affected zones; the 

better and more consistent control of the welding parameters enables very thin sheet material to be 

welded; there is a greater consistency in the weld quality; and it is possible to employ operatives with 

a lesser degree of skill and dexterity than is required for manual welding. 
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VI. FUTURE WORK 

This seminar is only a first stop on the road before reaching the end station, i.e. a monitoring system that 

classifies an ongoing welding process as good or bad weld. Other stops before reaching it could be: 

 The future study should focus on providing this theoretical Knowledge in to practices to get the 

desired quality of weld. 

 To design automated TIG welding machine to reduce weld quality. 

 Further experiments with TIG welding parameters, using the correct Tungsten electrode that UE 

uses, the adaptive change of arc length capability turned on and using different surfaces as in this 

thesis. 
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