
An Overview of TIG Welding of Ti6Al4V: Recent Developments 

Peter O. Omoniyi1,2*, Rasheedat M. Mahamood1,3, Tien-Chien Jen1, Esther T. Akinlabi1,4  

1 Department of Mechanical Engineering Science, University of Johannesburg, P. O. Box 524, Johannesburg, South Africa 
2 Department of Mechanical Engineering, University of Ilorin, P. M. B. 1515, Ilorin, Nigeria  
3 Department of Materials and Metallurgical Engineering, University of Ilorin, P. M. B. 1515, Ilorin, Nigeria  
4 Pan African University for Life and Earth Sciences Institute (PAULESI), Ibadan 200132, Nigeria 

Corresponding Author Email: omoniyi.po@unilorin.edu.ng

https://doi.org/10.18280/rcma.310501 ABSTRACT 

Received: 14 July 2021 

Accepted: 9 September 2021 

Titanium is a commonly used non-ferrous metal in the aerospace, chemical and nuclear 

industry, due to its unique structural and mechanical properties. Selection of suitable 

welding techniques and understanding of the effects of parameters corroboration to 

achieve a quality joint necessitated this article. The article presents recent researches in 

process parameters optimization done on Tungsten Inert Gas (TIG) welding of Ti6Al4V 

alloy. Furthermore, it discusses the effects of the parameters used in TIG welding 

technique on the weld quality, mechanical properties, and microstructure of joined plates. 

Pulsed TIG welding was found to be the most suitable type of welding for Ti6Al4V alloys 

based on its ease of use and reduced heat input compared to the conventional TIG 

welding. 
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1. INTRODUCTION

Titanium and its alloys have predominately been a useful 

non-ferrous metal in numerous industries for years. The 

development of new and improved scientific approaches in 

engineering the titanium alloys over the years has further 

increased its uses in the biomedical, chemical, automobile, and 

aerospace sector [1-10]. The choice of this alloy over other 

types of alloys have been predominately due to some unique 

properties it possesses, some of these properties are low 

distortion rate during welding, fly-to-weight ratio, low 

corrosion rate, high meting point etc. [11-18]. 

Welding is one of the most economical techniques in joining 

metals permanently and a joining technique that is enormously 

been improved on in industries, using lasers and robots to carry 

out what the human capability cannot accomplish [19, 20]. 

Friction stir welding (FSW), laser beam welding (LBW), 

tungsten inert gas (TIG), electron beam welding (EBW) and 

metal inert gas (MIG) are common welding techniques used in 

joining of titanium and its alloys [21-26]. In the past, manual 

metal arc welding (MMAW) is majorly used in the welding of 

metals but has a major drawback of oxidation and vaporization 

of the melt pool, due to strong heat input [27]. These effects 

are eliminated with the use of flux or inert gases, in the cases 

of MIG and TIG to weld titanium and its alloys [21, 28]. To 

obtain sound welding, researchers need to have a good 

knowledge of the characteristics of the metal and the selection 

of suitable welder equipment. 

Ti6Al4V is predominantly an α + β alloy, the elements 

which stabilize the α phase are called α stabilizers, they are 

Aluminum, Tin, Zirconium, while those that stabilizes the β 

phase are called β stabilizers, such as Vanadium, Iron and 

Molybdenum [7, 29-32]. Ti6Al4V alloy is highly sensitive to 

heat treatment processes such as annealing, solution heat 

treatment and ageing, which help in increasing the strength of 

the alloy by 50% [30, 33-35]. Typical components where 

Ti6Al4V alloys are used are hubs, compressor section of 

engines, blades, turbines etc. [36, 37]. 

TIG also referred to as gas tungsten arc welding (GTAW) 

or wolfram (tungsten) inert gas (WIG), is an easy, cost-

effective, uses non-consumable electrode and easily 

automated welding technique [38, 39]. It could be operated in 

direct, alternating, or pulsed mode, In the case of direct mode, 

the electrode is negative, the workpiece is positive with a 

direct current applied. In alternating or pulse mode, the arc 

polarity swiftly changes, to give a cathodic cleaning effect. In 

pulsed mode, there is permission for an arc to be pulsed at 

different rates [21]. Other variants of TIG welding are 

activated-flux (A-TIG) welding, ultrasonic assisted TIG 

welding, flux bounded TIG (FBTIG), these are developed to 

improve penetration depth during welding [40, 41]. 

One of the major areas of the ineffectiveness of TIG, is in 

the requirement of high heat input for good penetration, 

resulting in high distortion and contamination of the weld, also 

is coarse grain and residual stress formation in the weld zone 

(WZ) [22]. However, at some welding stages, there are 

limitations to the extent at which the current can be maximized, 

due to the restricted current capacity of single electrodes and 

higher arc pressure [42]. To improve penetration and refine 

microstructure, activated flux paste are smeared on the surface 

of the workpiece before TIG welding is done [43-46]. The use 

of activated flux was reported by Gao et al. [10] to improve 

penetration at any given level of heat input, up to three times. 

They also postulated the reversal of Marangoni convection, 

which is the tendency of heat and mass to transfer to areas of 

higher surface tension in the weld pool and arc contraction rule 
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to be the two key factors responsible for the increase of 

penetration depth in Activated flux-TIG welding. Activated 

surface tension elements such as oxygen, Sulphur and 

Selenium can reverse the Marangoni convection effect and 

cause the circulation of the weld fluid at the surface towards 

the weld pool. This consequently results in deeper weld 

penetration, and it is linked with the gradient of the surface 

tension of the weld pool [10, 47-49]. Pulsed current has also 

been established by researchers [50, 51] to reduce grain 

growth within the weld zone.  

Therefore, this article gives a highlight of the benefits and 

disadvantages of the common TIG welding techniques used in 

industries, it further discusses the effect of the operating 

parameters of the various variant of the technique in 

conjunction with the microstructure and mechanical properties 

such as microhardness, tensile, corrosion and residual stress 

properties of welded Ti6Al4V alloys. 

 

 

2. TIG EXPERIMENTAL SETUP 

 

Titanium is one of the stress-free metals to weld using TIG, 

which can be operated manually and automatically [41, 52]. 

An arc between the workpiece and the tungsten alloy electrode, 

allows for the joining of metals, in the presence of inert gas 

such as argon or helium or combination of both gases which 

protects the welded area from atmospheric contamination [7, 

53-55]. The gases also help in improving the penetration of 

electrode and welding speed [15, 56, 57]. Welding of titanium 

alloys using TIG can be autonomous (without filler) or with 

the use of filler wire. Parameters which affect the depth of 

penetration in TIG welding of Ti6Al4V alloys are arc voltage, 

root opening, welding current, shielding gas flow rate, travel 

speed, the electrode to work distance, filler metal feed rate [50, 

58, 59]. 

Figure 1 shows the experimental set up of the TIG welding 

process, where a butt joint is to be welded. 

 
Figure 1. Schematics of TIG welding 

 

2.1 Appearance of TIG welds 

 

A welded metal comprises of three parts, the fusion zone 

(FZ), heat affected zone (HAZ) and the base metal (BM) as 

shown in Figure 2 [22, 60]. The FZ or weld metal (WZ) is the 

region which receives the highest heat during welding, the 

zone attains the liquidus temperature before it solidifies due to 

cooling. The FZ is made of the α’ martensitic microstructure, 

which is majorly responsible for high hardness within the 

region. Similarly, the HAZ is also made of α’ martensitic 

microstructure, but attains a lower temperature, below the 

liquidus temperature, but mostly attain temperature above the 

β transus temperature of 995ºC in the case of Ti6Al4V [18]. 

The BM comprises of the α and β phases as reported in [61]. 

A shining silver appearance is mostly observed in TIG welded 

Ti6Al4V plates as shown in Figure 3. Reda et al. [22] stated 

that bead geometry is a function of heat input, the bigger the 

bead size the higher the heat input and the higher the welding 

current resulting in larger weld zone (WZ). 

 
Figure 2. Macrograph showing the three zones of TIG 

welded metal [62] 

 

 
 

Figure 3. Acceptable TIG weld appearance 

 

2.2 Weld joint configuration and preparation 

 

Joint preparation is a factor of the thickness of the metal. In 

welding of Ti6Al4V alloys, plates with thickness above 3 mm 

to undergo butt joint, requires edge preparation, in which a V 

groove is created to accommodate proper penetration [9, 63]. 

Plates with rough edges tend to increase porosity in the weld. 

In plates thicker than 6 mm, J groove is used instead of the V-

groove to reduce thermal stress within the welded zone. The J 

groove angle should not be more than 65° and not less than 45° 

in order to have a consistent and good penetration, it also 

prevents distortions. In some cases, a double V joint 

preparation is used, when there is a need to weld from both 

sides [15, 64]. 

Acid pickling is fundamentally used in cleaning the metal 

surface before welding, it is used to remove oxygen and all 

other contaminations from previous operations before welding. 

Solution preparations of hydrofluoric and nitric acid of 48% 

and 70% concentration respectively have always been used, 

with acid concentration ratio ranging from 1:5 to 1:9 

(5%HF/35%HNO3) and acetone have been recommended for 

pickling of titanium alloys [15]. It is also recommended for 

pickling to be done at room temperature. 
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2.3 Filler wire specifications 

 

Filler wire production and usage ranges for different alloys, 

they are made available in spools or straight length. Filler 

wires are made to meet some specifications such as surface 

quality, cleanliness, composition, dimensions and should be 

same as the base metal [15]. Due to reduced ductility 

experienced, when using a machined filler wire with Ti6Al4V 

alloy, an extra-low interstitial (ELI) grade wire is used. After 

the arc is extinguished, the filler wire should linger on the 

workpiece with the argon stream touch until both are 

adequately cooled not to be oxidized. If the filler wire is 

removed and contaminated, the end must be removed before 

commencement of a new job.  

 

2.4 Shielding gas 

 

Shielding gas is employed in the prevention of 

contamination and oxidation of welds and slag inclusions, 

presence of nitrogen in welds results in porosity and brittleness 

after welding, helium and argon are the frequently used gases 

in shielding during welding, argon been the cheapest and most 

readily available is used mostly in Europe and the United 

States of America, argon gas produces narrower penetration 

outline, thereby making it useful in making fillets and butt 

weld [65]. Helium, on the other hand, has high thermal 

conductivity, due to its ionization potential resulting in higher 

voltage required to start an arc [56, 66]. Although researchers 

also combine the two gases (helium and argon) to get good 

penetration during fusion [33, 56, 67]. Carbondioxide (CO2) is 

also used in short arcs due to its good welding properties, it is 

cheap and provides safety compared to argon gases. Its major 

downside is the formation of spatters and cannot be used in 

spray arc welding.  

Gas flow rate is also an important parameter that influences 

the quality of the weld, a rough thumb rule recommends a gas 

flow rate in litres per minute to be the same as the inner 

diameter of the nozzle [56, 68]. 

   

2.5 Effects of TIG welding parameters 

 

TIG welding is being extensively used in industries and due 

to this, it is necessary to know the effects of different 

parameters on the mechanical behaviour of Ti6Al4V alloy, to 

mitigate the cost of welding and to obtain quality weld. Several 

statistical and experimental techniques have been adopted by 

researchers to determine the parameters which can be 

compromised for another in other to have a quality weld, with 

good mechanical properties. Common methods used in 

optimizing these parameters are Taguchi method, response 

surface methodology (RSM), etc. [22, 51, 69, 70], while Box-

Behnken, Artificial Neural Network (ANN) have been 

commonly employed in prediction analysis of these 

parameters [51, 71]. Furthermore, current pulsing has a 

significant effect on the parameter selection for TIG welding 

of Ti6Al4V.   

According to Balasubramanian et al. [12], peak current, 

background current, pulse frequency and pulse on time are 

major parameters which affect the quality of TIG welds. Pulse 

frequency is a factor which affects the stress induced in TIG 

welded Ti6Al4V alloy, increasing pulse frequency, improves 

the prior β grain size within the FZ when compared to an 

unpulsed frequency process [16]. Using an unpulsed 

frequency, there is an increment of prior β grain within the FZ 

and the HAZ, Figure 4 [72]. Furthermore, there is αʹ 

martensitic microstructure appearance in the form of a thin 

needle within the prior β grains, whereas, in the pulsed mode, 

αʹ martensite appears in a small plate-like shape within the 

prior β grains. 

 

 
 

Figure 4. Optical micrograph of unpulsed TIG welding 

source [72] 

 

The microhardness of TIG welded Ti6Al4V alloy is 

expected to increase within the weld zone due to the α’ 

martensitic microstructure present in the zone [73]. The pulsed 

current mode of TIG welding shows an improved 

microhardness towards the FZ, likewise the unpulsed, but with 

a much lower average hardness value compared to pulsed 

mode, as observed by Mehdi et al. [74]. An increase in pulse 

frequency, there is a decrease in microhardness within the FZ, 

due to the prior β grains becoming finer compared with the 

unpulsed technique, it can also be linked with the occurrence 

of a high amount of residual stress within the FZ [16].  

Pulse frequency also have a substantial effect on the tensile 

properties of TIG welded Ti6Al4V alloys, the ultimate tensile 

strength (UTS) and ductility are observed to be greater than 

that of the unpulsed mode [16]. Increasing pulse frequency 

results in residual stresses within the HAZ and FZ, but lower 

than what is obtainable in the unpulsed mode. Pulse frequency 

above 12 Hz also results in spatter formation [12].  

Current also has shown a significant effect on the TIG 

welding of Ti6Al4V alloys and current should be set with 

respect to the thickness of the material to be welded. 

Balasubramanian et al. [12] observed through series of trial 

welds on 1.6 mm Ti6Al4V alloy plates, that if peak current is 

less than 60 A, full penetration is not achievable and results in 

lack of fusion, but if peak current is set to be greater than 100 

A, then undercut or spatter will occur on the bead surface. If 

background current is lower than 20 A, then arc length 

becomes very short and when greater than 60 A it becomes 

unstable, resulting in arc wandering. Table 1 gives further 

details on how plate thickness affects the weld penetration.  

The effects of welding speed on penetration depth seem not 

to be as much as that of the current but exhibit an inverse 

relationship. A fast welding speed above a critical speed limit 

might result in deterioration of weld and undercuts, as a result 

of an improper fusion of the welds [58]. Increase in welding 

speed could cause disorderly weld beads, resulting from the 

lack of adequate melting time for the proper fusion of the 

plates, thereby resulting in a decrease of tensile strength [75]. 

Slower speed could result in lack of proper fusion in Ti6Al4V 
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plates [59]. 

Electrode work distance affects the bead geometry and 

appearance of weld, the larger the distance from the workpiece, 

spatter occurs in the weld pool, while a short distance cause 

undercut. Therefore, information on the optimum electrode 

work distance should be checked on technical data sheets as 

specified by manufacturers.  

In TIG welding, a significant role has been played by the 

torch angle in the thermo-mechanical properties of welded 

Ti6Al4V alloy plates. A difference in the angle between -8° to 

+8° results in disparity in peak temperature up to 1.8%, even 

though this does not significantly affect the residual stresses 

developed in the material, with steeper torch angle, the 

distortion rate detected in the horizontal plate becomes smaller 

while that of the vertical plate increases [52].  

Figure 5 describes the effect of various parameters on the 

weld quality, it summaries the effects of welding speed, 

current, and frequency on pulsed TIG welding of thin sheet 

Ti6Al4V alloy. The figure summarizes the parameter range 

which result in lack of weld penetration and parameters which 

will result to burn through of sheets for thin Ti6Al4V sheets 

of thicknesses ranging from 1-2 mm. While Table 1 shows the 

optimum processing parameters achieved by different works 

in the literature using different statistical tools for TIG welding 

of Ti6Al4V alloy.  

 

 
 

Figure 5. Cause and effect diagram of TIG welding 

parameters 

 

Table 1. Optimization techniques and optimum parameters achieved for different mechanical properties 

 

 
 

2.6 Finite element modelling and simulation of TIG welded 

Ti6Al4V alloy 

 

One of the recent advances in TIG welding which cannot be 

overemphasized is the adoption of modelling in the 

optimization of TIG welding for attainment of optimum 

mechanical, metallurgical and thermal properties of a weld. It 

is beneficial to planning and reduction of time and resources 

in experimenting. Several researchers have used this approach 

to solve several engineering problems in welding. The finite 

element method (FEM) analysis are performed in two steps, 

the thermal and mechanical analysis [78] the previous involves 

heat transfer which is modelled using the transient heat 

transfer equation for two and three-dimensional heat flow [79] 

shown in Eqns. (1) and (2) respectively, the equation was first 

presented by Rosenthal in 1941 [80, 81], the equation is 

without some limitations and assumptions such as 

consideration of heat dissipation by conduction under 

equilibrium conditions, disregard of convection losses in the 

dynamic molten pool and surface radiation, lack of phase 

transformation enthalpy.  
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R is the radial distance from the weld centerline, 𝑅 =

√𝑥2 + 𝑦2  or 𝑅 = √𝑥2 + 𝑦2 + 𝑧2  for 2D and 3D heat flow 

respectively (m). 

α is the thermal diffusivity of the material (m2s-1). 

Eagar and Tsai's model reported by Dhinakaran et al. [81] 

accounts for a more accurate model for temperature 

distribution during welding, the Gaussian distribution for the 

heat source travelling on the surface of a semi-infinite plate 

was considered and is shown in Eq. (3). 
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The heat source is mostly modelled using the general double 

ellipsoidal shape and could be in done in 2D or 3D, heat input 

is calculated using Eq. (4).  

 

v

Q
HI =

 
(4) 

 

The mechanical analysis is basically modelled using the 

momentum equation. Reda et al. [22] used the finite element 

method (FEM) to optimize the welding current using the 

Gaussian distribution of power in space, which was built using 

the ABAQUS software, in which a double ellipsoid model was 

used for the heat source. Results show that welding current 

ranging from 130-170 A is suitable for penetration of the 12 
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mm thick plate, with longitudinal and transverse residual stress 

being reliant on the welding current and longitudinal residual 

stresses being greater than the transverse stress. 130 A was 

observed to be the optimum weld current to give low residual 

stress. Zhang et al. [82] also optimized TIG welding current 

using FEM with ABAQUS software, the Gaussian heat source 

model was adopted, which accounts for the heat loss through 

radiation and convection, the microstructural evolution was 

analyzed using the macro-micro cellular automation-finite 

different method, results of the microstructures show coarse 

columnar grains as the heat input rises, resulting in brittleness 

of the metal. 

 

 

3. MICROSTRUCTURE AND MECHANICAL 

PROPERTIES OF TIG WELDED TI6AL4V ALLOY 

 

3.1 Microstructure evolution of TIG welded Ti6Al4V 

alloys 

 

Generally, Ti6Al4V alloy microstructure is made of the 

white granular β and the black equiaxed α, and the morphology 

and size of α colonies contribute to various mechanical 

properties of Ti6Al4V alloys [22, 25, 33, 58], reducing the α 

colonies through the use of various thermo-mechanical 

processes improves fatigue crack nucleation resistance, 

toughness, ductility, yield strength, while poor ductility has 

been attributed to the large heat input and larger β grain size 

growth [1, 16, 22, 58]. Within the FZ, there exist acicular α’ 

and some secondary α morphology at the boundaries of prior 

β due to low cooling rate [9, 25, 74]. The microstructure within 

the HAZ consist of martensitic α’ and α phase within the prior 

β grains, with increasing distance from the HAZ, the smaller β 

grains turn out to be less equiaxed and reduces in size. There 

is also a gradient of prior β grain sizes spreading from the 

FZ/HAZ to the HAZ/BM margin [2, 9, 33]. Table 2 summaries 

the microstructure evolution in TIG welded Ti6Al4V alloy 

from the BM through the HAZ and the FZ. 

 

Table 2. Microstructure evolution in TIG welded Ti6Al4V 

alloy 

 
Weld 

Region 
Microstructure 

BM White granular β and the black equiaxed α 

HAZ α phase and martensitic α’ within the prior β grains 

FZ 
Acicular α’ and some second α morphology at the 

boundaries of prior β 

 

3.2 Microhardness evaluation of TIG welded Ti6Al4V 

alloy 

 

Generally, hardness is taken in the three zones of test 

samples (BM, HAZ, FZ), microhardness evolution is known 

to increase from the BM towards the HZ [33]. This growth is 

explained by the presence of αʹ martensite in the FZ and HAZ 

and the hardening effect as a result of the existence of oxygen 

in the HAZ and FZ [22, 58, 74]. The refinement of the grain 

size of prior β within the FZ and HAZ is also attributed to the 

high hardness occurrence as shown in Figure 6.  

Gao et al. [1] reported an average of 311 HV and 342 HV 

within the FZ and HAZ respectively. Babu and Raman [16] 

observed microhardness within the base metal as 309 HV and 

the HAZ ranging from 345-352 HV. In post-weld heat treated 

(PWHT) samples of Ti6Al4V alloy at 900°C, there exist 

reduced hardness compared to the as-received welded plates 

due to the decomposition of αʹ to equilibrium products of α and 

β and a decline in defect density. 

 

 
Figure 6. Microhardness of TIG welded samples source 

[62] 

 

3.3 Tensile strength of TIG welded Ti6aAl4V alloy 

 

The region of failure after the tensile test is said to be the 

weak point of the weld, the tensile strength at failure is 

compared to the strength of the BM. Ultimate tensile strength 

(UTS) is found to increase within the FZ and HAZ than the 

BM due to the fine microstructure in this zone, poor ductility 

in FZ is attributed to the large prior β grain size and the large 

acicular intragranular microstructure [83]. In PWHT Ti6Al4V 

alloy plates, the UTS decreases as temperature increases, 

conversely, the elongation increased with temperature 

increase from the FZ to the BM. Though, the ductility is higher 

in the BM due to the lenticular αʹ martensite developed. 

Increase in tensile strength within the weld area could also be 

attributed to an increase in granule size [25, 67]. Increase in 

current is also attributed to an increase in tensile strength [22, 

75]. Figure 7 shows the range of UTS of welded Ti6Al4V 

alloy with its percentage elongation from different works of 

literature that used TIG welding. The UTS ranges from 950-

1200 MPa, while elongation ranges between 9-14%.    

 

 
 

Figure 7. Ultimate tensile strength of some selected works of 

literature on TIG welding of Ti6Al4V alloy 

 

3.4 Corrosion behavior of TIG welded Ti6Al4V alloy 

 

Titanium is known to have a strong affinity for oxygen, the 

oxygen forms a protective coat at the surface of the metal, 

thereby making it corrosion resistant [84-86]. When this film 

(oxide layer) breaks, it becomes highly susceptible to 
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corrosion, especially in the reducing agents and oxidizing 

atmosphere [87]. At 350℃, there exist challenges to welding 

of Ti6Al4V alloy due to its high affinity for oxygen and 

nitrogen. These impurities in the form of oxidation results in a 

reduction in ductility and toughness [38].  

Weldments of titanium alloys exhibit corrosion resistance 

comparable to that of the base metal, but in cases or 

environments where there is active corrosion exceeding 100 

µmyear-1, a welded portion may undergo quicker corrosion 

due to the transformed β phase associated with the HAZ. 

In the petrochemical industry where Ti6Al4V alloys are 

being widely used, there occurs localized corrosion, which 

appears in the form of pitting or crevice, in the multi-step 

process. According to Sabet et al. [88], localized corrosion is 

divided into four steps, which are absorption of reactive anion 

on the oxide covered titanium, secondly, there is a chemical 

reaction of the absorbed anion with the titanium ion in the 

titanium oxide lattice, thirdly, thinning of the oxide occurs 

through dissolution and lastly, direct attack of the exposed 

metal by the anion, which is sometimes called pitting 

propagation. To mitigate the effects of the localized corrosion, 

it is advised to increase the homogeneity of chemical 

composition by control of the solidification process, control of 

residual stress originating from welding, heat treatment of 

metals. Furthermore, the service atmosphere should be 

controlled. Due to the coarse grain formation caused by high 

heat input in TIG welding, metals are susceptible to corrosion, 

but with a refinement of grain size, results in better corrosion 

resisting alloy [86]. 

 

3.5 Residual stresses in TIG welded Ti6Al4V alloy 

 

Residual stress is developed in metals as a result of high 

temperature gradient resulting in the transformations of 

microstructure and is known to be disadvantageous to the 

mechanical properties of titanium alloys. Residual stresses are 

highest within the FZ and decrease towards the BM due to the 

heat input in the WZ as shown in Figure 8. Pulsed current TIG 

welding has also mitigated the level of residual stresses within 

the WZ because of controlled heat input used in this technique 

compared to the unpulsed TIG welding [74]. Song et al. [89] 

observed longitudinal stresses in Ti6Al4V alloy plates of 6 

mm, measured at 1.6 mm below the surface of the workpiece 

to have the largest tensile stress within the weld area and small 

compressive strength outside the weld area.   

 
 

Figure 8. Residual stress distribution source [5] 

 

At a current of 170 A, Reda et al. [22] observed residual 

stress of 71 MPa for a 12 mm thick Ti6Al4V alloy plate, 

longitudinal compressive stresses were also observed in the 

plates, with magnitudes smaller than the tensile stresses in the 

FZ, while the transverse residual stresses developed within the 

FZ are smaller than that of the longitudinal residual stresses. 

Transverse and longitudinal residual stresses increase with the 

current increase due to large heat input.   

 

 

4. CONCLUSIONS 

 

Several techniques of metal joining have its unique 

properties, advantages, and disadvantages, but TIG welding 

has been proved useful and efficient in joining titanium alloys 

especially in pulsed mode, due to reduced heat input required 

compared to the conventional TIG setup. The following 

conclusions are drawn from this study and are observed to be 

the major characteristics of TIG welded Ti6Al4V alloy.  

1. The microstructural evolution from the BM to FZ 

consists of the α phase, transforming to martensitic αʹ within 

the HAZ and further transformation into acicular α in the FZ.  

2. The microhardness of welded alloy increases towards 

the FZ, i.e., lowest hardness is observed towards the BM.  

3. Even though the welded portion exhibits similar 

corrosion resistance in comparison to the BM, it is more 

susceptible to corrosion.  

4. Longitudinal residual stresses are observed to be high 

when compared to the transverse residual stress with the FZ of 

TIG welded Ti6Al4V alloy. 

5. Current, pulse frequency and welding speed are the 

most important parameters to optimize to achieve a quality 

weld.  

For further studies in TIG welding of titanium alloys, there 

is a need for reduction of residual stresses in a welded joint, to 

have a more refined microstructure, and improve the 

mechanical strength of welded metals, therefore, other variants 

of TIG welding that will reduce the heat input to the minimal 

level can be developed. Further studies on the failure analysis 

of the metal should also be conducted to ascertain the integrity 

of the welds. 
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NOMENCLATURE  

 

T the temperature at a given point (K) 

T0 the initial temperature of the base metal (K) 

P the welding power (W) 

K the thermal conductivity of the material (Wm-1K-1) 

v the welding speed (ms-1) 

x the distance from the heat source (m) 

K0 the modified Bessel function of the second kind and 

zero-order 

HI the heat input (Jmm-1) 

 the efficiency of power transfer (%) 

Q the welding power (W) 

V the welding speed (ms-1) 
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