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ABSTRACT-   An experimental investigation 
of enhancing mechanical properties of pulsed 
and non pulsed frequencies like 2, 4, 6, 8 ࢠࡴ 
using Gas Tungsten Arc Welding on Ti-6Al-
4V is presented. Butt welding of 2mm 
thickness titanium sheets is prepared by TIG 
Welding using argon gas as shielding gas. 
Evaluating weld ability of Ti-6Al-4V by  
 

 
 
welding conditions such as welding pass, 
amount of shielding gas and welding time 
interval is done. Experimentswere performed 
on titanium using destructive, non destructive 
tests and tensile tests are done so as to 
determine the ultimate tensile strength, yield 
strength and % elongation. 
Index Terms –Welding, NDT, Shielding gas, 
Titanium   

I.INTRODUCTION 
Welding of titanium structures is a cost effective 
manufacturing methods for numerous 
components used in aerospace applications. 
Titanium has high specific strength and excellent 
corrosion resistance and is extensively used in 
aerospace, missiles and marine applications. 
Titanium grade 5 is the most commonly used 
alloy which is considered to be alpha-beta alloy 
The dual phase, i.e. alpha + beta alloys offer a 
combination of excellent ductility and strength 
when proper heat treatment is given, which 
makes them stronger than alpha-phase and beta-
phase. With the increased use of Ti, the joining 
of titanium has become more and more 
important. Welding of titanium alloy is difficult 
because titanium is chemically reactive at high 
temperatures. The studies have shown that 
during welding, titanium alloys pick up oxygen 
and nitrogen from the atmosphere easily .With 
the development of titanium in industries, 
Tungsten Inert Gas (TIG) welding is the most 
commonly used welding method for titanium. 
 The welded joint significantly affects the 
mechanical properties of the welded zone 
depending on the welding materials, welding 
conditions and welding environment. Like most 
titanium alloys, Grade 5 has outstanding  

 
resistance to corrosion in most natural and many 
industrial process environments.   
 

II. EXPERIMENTATION 
In this experimental investigation Ti-6Al-4V 
i.e., four number titanium grade 5 sheets of 150 
 dimension and thickness of  300݉݉	ݔ	݉݉
about 2݉݉ are taken. They are subjected to Gas 
tungsten arc welding. 
1. Ti sheets 
Titanium gr-5 sheets are rarely available. They 
are cut according to the dimension mentioned 
by wire cut EDM carefully .No. of sheets used 
for welding are four. 
2. Filler metal 
 For welding titanium Gr-5 of 2mm thickness by 
TIG welding process, a filler metal must be used 
and its composition is usually matched to the 
grade of titanium being weld. Filler metal in 
straight length with 150 ݉݉ long and 2 ݉݉ 
diameter was used for the experiment.    
3. Shielding gas 
Usually argon and helium are used for shielding 
in welding titanium. Argon is more widely used, 
since it is readily available and less costly. In this 
study Argon is used as shielding gas with flow 
rate at 10L/min. 
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4 Joint preparation  : 
  Since the welding was carried out outside the 
welding chamber, without using travelling cup the 
joints were carefully designed so that both the top 
and the underside of the weld can be shielded. 
Groove was selected as 70° as the thickness of the 
base metal was 2݉݉ 

 
Fig.1 V groove angle 

5 Welding   
 In this experiment, the welding of titanium was 
carried out using thorium electrode. Welding is 
carried out on a C clamp arrangement on which 
titanium sheets are welded and welding 
parameters are considered. 

 
Fig.2 Welding of Ti-6Al-4V sheets 

 
Fig.3 Welded pieces of Ti-6Al-4V 

 
Table 1. Chemical composition of titanium 

 
III.NON DESTRUCTIVE TESTING 

   The main purpose of NDT is the detection of 
different material properties, especially non-
homogeneities or defects, without mechanical 
damage of a tested object. 
Methods of NDT USED 
Most commonly used methods are: 

1. Penetration testing 
2. Radiography 
1. Radiography: 
Radiographic testing is a non destructive testing 
method of inspecting materials for hidden flaws 
by using the ability of short wavelength 
electromagnetic radiation to penetrate various 
materials. An x-ray machine can be used to 
detect the flaws in the specimen. Areas of the 
film exposed to less energy remain lighter. 
Therefore, areas of the object where the 
thickness has been changed by discontinuities, 
such as porosity or cracks, will appear as dark 
outlines on the film. 

 
Fig.4 Radiography testing equipment 
2. Dye Penetrant 
It is a widely applied and low-cost inspection 
method used to locate surface-breaking defects 
in all non-porous materials. In this method a 
liquid penetrant is applied to the surface of the 
product for a certain predetermined time, after 
which the excess penetrant is removed from the 
surface. The surface is then dried and a developer 
is applied to it. The penetrant which remains in 
the discontinuity is absorbed by the developer to 
indicate the presence as well as the location, size 
and nature of the discontinuity. 
Table-2 Parameters taken into consideration 

while conducting DP 
PARAMETER DESCRIPTION 

Material Titanium 
method Visible, Solvent 

removable 
Dwell time and 
temperature 

15 min at room 
temperature 

Acceptable standard ASTM-E-165 
Developer M/s. The oriental 

chemicals work 
 
 
 
 
 

Aluminu
m 

Iron(F
e) 

vanadiu
m 

oxygen titaniu
m 

6 Max 
0.25 

4 Max 
0.2 

90 
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3. TENSILE TESTING 
Tensile testing is a fundamental test in which a 
sample is subjected to a controlled tension until 
failure. The most common testing machine used 
in tensile testing is the universal testing machine. 

        
Fig.5 Tensile specimens of Ti-6Al-4V 

IV. RESULTS AND DISSCUSSION 
Table 3-Basic parameters noted while 
welding 
Freq
uenc
ies 

Ele
ctro
de 

Peak 
Curr
ent(I
P) 

Shi
eldi
ng 
Gas 
ࡸ
࢔࢏࢓/

    
Base 
curr
ent(I
B) 

We
ld 
tim
e 
Min 

We
ldi
ng  
spe
ed 
/࢓࡯
࢔࢏࢓

Non 
pulsa
ting  

thor
ium 

86 10 40 2 
:06 

12.
5 

2 
pulse 

Tho
riu
m 
 

90 10 39 1:3
0 

12.
5 

4 
pulse 

thor
ium 

89 10 35 2:2
7 

12.
5 

6 
pulse 

thor
ium 

86 10 40 1:2
9 

12.
5 

Porosity and Cracks 
According to the ASME SEC XI slandered with 
film size of 4o cm and focal spot size of 2ൈ2 
݉݉	and density at about 1.8 to 3 ݃/ܿ݉3.Ti-
6Al-4V is given for radiography to check for 
flaws and detects if any. Finally the results 
showed that the test pieces are acceptable that 
means the flaws are within the acceptable limit. 

    
Fig.6 X-Ray of the titanium gr-5 after 
radiography 
 

Table 4 Radiography Test Results 
Sl.No. Pulsed/non 

pulsed 
welding 

Frequency 
 ࢠࡴ

Physical 
observation

1 
Non -

pulsed 
- No defect 

seen 

2 
Pulsed 2 No defect 

seen 

3 Pulsed 4 Acceptable 

4 Pulsed 6 Acceptable 

5 
Non -

pulsed 
- Acceptable 

6 Pulsed 2 Acceptable 

7 
Pulsed 4 No defect 

seen 

8 
Pulsed 6 No defect 

seen 
 
Cracks in the Weldments 
According to the ASTM E-1417 [23], the Dye-
Penetrant (DP) test was conducted on these 
weldments. The test results are shown in table 
12. The experimental results show that no 
cracks were observed in the weldments of this 
alloy in non-pulsed current and pulsed current 
welding. 

Table – 5 Die penetration test results 

Sl. 
No. 

Pulsed
/non 

pulsed 
weldin

g 

Frequ
ency 
(Hz) 

Physical 
observation 

1 
Non -
pulsed 

- 
No defect 

observed on 
welded area 

    

2 Pulsed 2 NDOWA 
3 Pulsed 4 NDOWA 
4 Pulsed 6 NDOWA 

5 
Non -
pulsed 

- NDOWA 

6 Pulsed 2 NDOWA 
7 Pulsed 4 NDOWA 
8 Pulsed 6 NDOWA 

 
Note : NDOWA-No defect observed on welded 
area 
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Table -6 Tensile test results 

Specimen 
description 

Yield 
stress 
 ࢇ࢖ࡹ

Tensile 
strength 
/࢔
  ૛࢓࢓

% 
elongation

2  pulse 
sample 
no.1 

640.6 843.5 3 

2  pulse 
sample 
no.2 

642.6 816.3 3 

4  pulse 
sample 
no.1 

768.7 887.5 3 

4  pulse 
sample 
no.2 

683.2 868.2 2 

6  pulse 
sample 
no.1 

630.9 804.2 2 

6  pulse 
sample 
no.2 

593.9 745.3 2 

Non pulse 
sample 
no.1 

509 645 1 

Non pulse 
sample 
no.2 

380 481.4 2 

 
The tensile specimens were failed inside the 
weldments Non pulse and 6p (sample 2). The 
effeciency is calculated from ultimate tensile 
strength (UTS) of weldments in comparison to 
the base metal UTS. The results presented were 
best values obtained from two trails. 
 
 Effect of Current on Tensile Strength 

The Filler wire 4p produced maximum ultimate 
tensile strength i.e., 887.21Mpa. From the graph, 
it is observed that the ultimate tensile strength is 
more at frequency (4p)  

 

 
 

 Effect of Current on Yield Strength 
The Filler wire 4p produced maximum yield 
strength i.e., 768 ܽ݌ܯ. The various 
comparisons of current are shown in the table 
From the graph, it is observed that the yield 
strength is low at frequency (np). 
 

 
 

 Effect of Current on % of Elongation 
    The effect of filler wire on % elongation is 
shown in Figure 4.5. From the graph, it is 
observed that at 2 pulse current has maximum 
% of elongation when compared to the other 
currents .The maximum % of elongation value 
is 2.90. The maximum % of elongation 
produced at lower current because at lower 
current there are no much vibrations of torch 
and less heat produced when compared to 
higher current values. 

 
 
CONCLUSIONS  
From the experimental results, the following 
conclusions are drawn: 
Porosity and Cracks  
Results show that at 2 pulse two pores are present 
in the  Welding area but they are within the 
acceptable limit of ASTM Standards. There are 
no surface cracks observed in he weld zone. 

NP 2P 4P 6P

S1 645 843 887 804

S2 481 816 868 745
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Ultimate tensile strength The 4 pulse produced 
maximum ultimate tensile strength. 
The pulsed current has produced more tensile 
strength than non pulsed current. 
Yield strength 
The 4 pulse produced maximum yield strength. 
The pulsed current has produced more yield 
strength than non pulsed current. 
% of elongation  
The 2 pulse has maximum % of elongation i.e.,  
2.90 %. The maximum % of elongation produced 
at lower current because at lower current there 
are no much vibrations of torch and less heat 
produced when compared to higher current 
values. 
REFERENCES 

[1] Miller “Guidelines For Gas Tungsten 
Arc Welding”, TIG welding process, 
(2008), pp. 5-18  

[2] A.Karpagaraj , N. Siva Shanmugam, 
K. Sankaranarayanasamy “The Effect 
Of Process Parameters On TIG Welding 
Of Thin Ti-6al-4v Sheets” Vol- 2, Issue-
10 Oct.-2014 International Journal of 
Mechanical And Production 
Engineering, ISSN: 2320-2092 

[3] Wei Zhou and K.G. Chew, “Effect Of 
Welding On Impact Toughness Of Butt-
Joints In A Titanium Alloy”, 2003 
Materials science and engineering A, vol. 
347, pp. 180-185 

[4] S. Krishnanunni ,“Effect Of Welding 
Conditions On    Hardness Of  
Commercially Pure Titanium”, July-Dec. 
2012AKGEC International Journal of 
Technology, vol. 3, no. 2, pp. 19-24,. 

[5] Yung, W. K.C., Ralph, B., Lee, W.B. 
and Fenn, R, “An Investigation In To 
Welding Parameters Affecting The 
Tensile Properties Of Titanium Welds”, 
Journal of Materials Processing 
Technology, Vol. 63, (1997), pp. 759-
764  

[6] B.H Choi, “The Effect Of Welding 
Conditions According To Mechanical 
Properties Of Pure Titanium”, May 2008. 
Journal of Materials Processing 
Technology, vol. 201, issues 1–3, 
pp.526–530,  

[7] N. Kishore Babu, S. Ganesh Sundara 
Raman, R. Mythili and S. Saroja, 
“Correlation Of Microstructure With 
Mechanical Properties Of TIG 

Weldments Of Ti–6Al–4V Made With 
And Without Current Pulsing”, 2007 
Materials Characterization, vol. 58,issue 
7, pp. 581–587,  

[8] E. Ranatowski, ”Weldability Of 
Titanium And Its Alloys– Progress   In 
Joining” University of Technology and 
Life Science, Mechanical Department St. 
Prof. S.Kaliskiego 7, 85-763 Bydgoszcz, 
Poland DOI 10.2478/v10077-008-0033-
2: pp-70-76. 

[9] Sicknan Soares da Rocha, Gelson Luis 
ADABO, Guilherme Elias Pessanha 
Henriques, Mauro Antonio de Arruda 
NOBILO “Vickers Hardness of Cast 
Commercially Pure Titanium and Ti-
6Al-4V Alloy Submitted to Heat 
Treatments” Braz Dent J pp:126-129 

[10]  Vinicius A. R. Henrique’s, 
“Titanium Production for Aerospace” 
institute of Aeronautics and space Sao 
Jose dos Campos –Brazil     pp: 1-16. 

[11]  T. S. Balasubramanian, M. 
Balakrishnan, V. Balasubramanian         
M.A.Muthu Manickam, “Effect of 
welding processes on joint characteristics 
of Ti–6Al–4V alloy” Science and 
Technology of Welding and Joining stw 
1922.3d 23/8/11 22:41:34 Vol  No 1 PP: 
1 -1-7. 

[12] C. Casavola, F. Tattoli, C. 
Pappalettere Politecnico di Bari, 
“Static  and Fatigue Characterization of 
Titanium Alloy Welded Joints”– Dip. di 
Ingegneria Meccanica e Gestionale. 

[13] WA Baeslack III Ohio state 
university, J.R.Davis and associates, C. 
E. Cross, martin Marietta Astronautics 
group, “Selection and weldability of 
conventional alloys” pp: 503-528. 

[14] Paul Danielson, Rick Wilson 
and David Alman U. S. Department of 
Energy, Albany Research Center, 
Albany, Oregon “Microstructure of  
titanium welds”, 3/ 2004 February 
Edition 2003 of Advanced Materials and 
Processes pp:1-7. 

[15] Bill Taylor, Struers Ltd, 
Glasgow Elisabeth Weidmann, Struers 
A/S, Copenhagen Metallographic 
preparation of Titanium Metals 
Handbook, Desk edition, ASM, 1984 p: 
1-6. 



INTERNATIONAL JOURNAL OF ADVANCES IN PRODUCTION AND MECHANICAL ENGINEERING (IJAPME) 

 

ISSN(PRINT):2394‐6202,(ONLINE):2394‐6210,VOLUME‐1,ISSUE‐1,2015 
6 

 

[16] Gh. R. Razavi1a, M. Masaeli1b, M. 
Taheri2c, M. Saboktakin “Investigation 
gas tungsten arc welding of pure 
titanium” Department of Materials 
Engineering, Najafabad Branch, Islamic 
Azad University, Isfahan, P.O. Box 517, 
Iran International Journal of Materials 
and Mechanics Engineering, Vol. 2, No. 

[17] J.Sieniawski, W. Ziaja, K. Kubiak 
and M. Motyka “Microstructure and 
Mechanical Properties of High Strength 
Two-Phase Titanium Alloys” 

[18] Jian-wei MAO, Wei-jie LU, Li-
qiang WANG, Di ZHANG, Ji-ning   
QIN “Microstructure and mechanical 
properties of GTA weldments of titanium 
matrix composites prepared with or 
without current pulsing” Received 22 
May 2013; accepted 14 January 2014 pp: 
1394-1399 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[19] B.H. Choia, B.K. Choib, “The Effect 
Of Welding Conditions According To 
Mechanical Properties Of Pure 
Titanium” pp: 527-529 

[20] www.arcam.com/wp-content/.../Arcam-
Ti6Al4V-ELI-Titanium- Alloy.pd... 

[21] “Titanium Alloy Guide” An 
Article of Rti International Metals, Inc. 
Company. 

[22] www.twi-
global.com/EasySiteWeb/GatewayLink.
aspx?  alId=17630 

[23] Arcam EBM system on Titanium Ti-
6Al-4V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


