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ABSTRACT 

The welding parameters play important role in joining the work pieces by TIG welding for 5052 aluminium alloy. This paper 
presents the effect of influence of welding parameters on the weld bead geometry such as front width and back width of weld joint. 
Welding current, gas flow rate and welding speed are taken into account during experimental work  and found increase in heat 
energy on work piece surface by increasing the welding current which results as increasing the front width and back width of weld 
joint linearly. Front width and back width of weld joint decreases linearly with the increment of welding speed. Front width and 
back width of weld joint increases or decreases alternatively with increasing of gas flow rate.  
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1.  INTRODUCTION 
Tungsten Inert gas(TIG) welding is an arc-welding process that produces coalescence of metals by heating them with an 
arc between a non-consumable tungsten electrode and the base metal. This process was originally developed for hard-to-
weld lightweight metals such as aluminium, magnesium and titanium. Many delicate components in aircraft and nuclear 
reactors are TIG welded and therefore TIG weld quality is extreme importance. Basically, TIG weld quality is strongly 
characterized by weld pool geometry. This is because the weld pool geometry plays an important role in determining the 
mechanical properties of the weld[1]. To ensure TIG weld quality, on-line monitoring techniques have been studied[2-
4].The monitoring techniques developed use vision-based systems directly to estimate weld pool geometry or indirectly to 
correlate the weld pool geometry with process parameters such as welding voltage, welding current, etc. However, there 
are difficulties involved concerning reliability, calibration and cost in the use of the monitoring techniques. Continued 
progress is being made to improve the monitoring techniques and a chive practical use. Apart from on-line monitoring 
techniques, modelling, optimization and classification of TIG weld quality are still extremely important research topics to 
obtain a high level of weld quality. This is because TIG welding is a highly non-linear, strong coupled, multivariable 
process[5,6].TIG weld quality is strongly characterized by the weld pool geometry because the weld pool geometry plays 
an important role in determining the mechanical properties of weld [7-8]. The weld quality was strongly characterized by 
weld bead geometry because the weld pool geometry plays an important role in determining mechanical properties of 
weld [9-11]. Maximum quality can be achieved with control of welding parameters and material used must be cleaned 
[12]. The weld bead geometry of weld repaired aluminium alloy was similar as cast aluminium alloy in appearance but 
different in micro-structure [13]. 

 
Figure.1 Weld bead geometry 

 
2. EXPERIMENTAL WORK 
Experimentation is a way of conducting an experiment in a sequence to achieve the desired geometry as shown in fig 1. 
on the basis of selected input and output parameter discussed below. 
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2.1. Work  material 
Experimental material is 5052 Al-alloy of 2.5 mm thickness, welded by TIG welding process. The  chemical 
compositions of 5052 Al-alloy and filler wire ER 4043  material are shown in table1 & Table 2. 
 

Table 1: Chemical Composition of 5052Al-alloy 
 Chemical composition % wt 

Material Si Fe Cu Mn Mg Zn Ti Cr Al 
5052 Al 
alloy 

0.6 0.5 0.1 0.5 2.6 0.2 0.1 0.25 Balance 

 
Table 2: Chemical Composition of 4043 Filler Wire 

 Chemical composition % wt 
Material Si Fe Cu Mn Mg Zn Ti   
ER4043 4.5-6.0 0.8 0.3 0.05 0.05 0.1 0.2   

 
Aluminium alloy 5052 contains 2.5% magnesium & 0.25% chromium. It has good workability, medium static strength, 
high fatigue strength, good weldability, and very good corrosion resistance, especially in marine atmospheres. It also has 
the low density and excellent thermal conductivity common to all aluminium alloys. It is commonly used in sheet, plate 
and tube form 
The filler wires used to transfer the extra material to fill the gap between the joints of same composition of base metal. 
There are different types of filler wires such as , 5356, 4043,and 5654 available in the market on the basis of base metal 
compositions. In this experimental work, the filler wire of 4043 grade is selected for welding the 5052 Al- alloy 
specimens because of its good, similar physical, mechanical properties and chemical compositions for obtaining the best 
weld joint. 
4043 aluminium filler materials are silicon-aluminium types for welding of 6052 and 6063 types; in some cases, other 
aluminium are also welded with this type. Brazing of 1100 and 3003 can be accomplished with free flowing 4043 
composition. The proper choice of aluminium filler metal mainly depends on the base metal properties to be achieved and 
Welding technique. Post weld cracking, corrosion resistance and behaviour under elevated temperature also need to be 
taken into consideration. Cracking usually can be minimized by choosing a filler metal alloy of higher alloy content then 
the base metal. 
 
2.2. Experimental procedure 
Experimental trials were performed to identify the working range of welding parameters of welding current, welding 
speed and gas flow rate after specimen preparation. Fifty four specimens with dimension of 50 mm x 50mm x 2.5 mm are 
prepared for conducting experiments for each welding input parameters. The experiments are conducted within the 
working range of welding parameters for all specimens. The welding joint occurs for current of 205 ampere, gas flow rate 
of 11 Lt/min and speed of 81 mm/min. The welding current range is selected at constant gas flow rate of 13 Lt/min for 
work piece thickness of 2.5 mm shown below in table 3. 
 

Table 3: Working range of welding current 

 
The working range of shielding gas flow rate at constant current of 230 amps is selected for conducting the        
experiments shown in table 4. 

Table 4: Working range of gas flow rate 
 Specimens ID 

Shielding Gas 
Flow(Lt/min) 

A B 
 

C 
 

D E F G H 

11 11.5 12 12.5 13 13.5 14 14.5 
Similarly, the working range of welding speed at constant current of 230 amps is selected for conducting the experimental 
trials shown in table 5. 

Table 5: Working range of welding speed 

 Specimens ID 

Welding current(amp) A B C D E F G H 
205 210 215 220 225 230 235 240 

 Specimens ID 
Welding speed 

(mm/min) 
A B C D E F G H 
81 84 87 91 92 95 97 99 
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After conducting the experimental trials for all specimens with in working range of welding parameters, the various 
results of weld bead geometry such as front and back width of joint were  measured with the use of travelling microscope,  
listed in table 6 to 8. But the measurements are done on three points of weld bead for front and back width. 
 

Table 6:Experimental results with variation of welding current 

 
Table 7: Experimental results with variation of gas flow rate 

 
 

Table 8: Experimental results  with variation of welding speed 

 
3. RESULTS AND DISCUSSIONS 
Results of the collected data describes the influence of welding input parameters on the output parameters such as front 
and back width of 5052 Al-Alloy welded joints. The effect of welding input parameters on weld characteristics of the weld 
joint is discussed in detail: 
3.1 . Effect of welding current on weld characteristics of weld joint: 
Figure 2. describe the effect of welding current variations on weld bead geometry of weld joint at constant gas flow rate of 
13 Lt/min. It is clear from figure that the front width and back width changes across the weld bead for different values of 
welding current. It is observed that the front width and back width deviate in increasing order with the variation in 
welding current. 

Specimens ID Welding current(amps) Gas flow rate 
(lt/min) Front width(mm) Back width(mm) 

A 205 13 3.52 1.79 

B 210 13 3.62 1.91 
C 215 13 4.64 2.21 

D 220 13 4.72 2.34 

E 225 13 5.31 1.95 

F 230 13 5.02 2.60 
G 235 13 5 .42 2.75 
H 240 13 6.25 3.25 

Specimens ID Welding current(amps) Welding Speed 
(mm/min) Front width(mm) Back width(mm) 

A 230 81 6.12 3.34 
B 230 84 6.76 3.13 
C 230 87 5.51 2.45 
D 230 91 5.78 2.32 
E 230 92 5.65 1.72 
F 230 95 5.18 1.53 
G 230 97 4.65 2.32 
H 230 99 4.45 1.97 
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Welding current(Ampers) 

Figure2: welding current  vs weld bead geometry 
 
3.2 . Effect of Gas flow rate on weld characteristics of weld joint 
The weld bead geometry of weld joint is affected by change in shielding gas flow rate values at constant welding current 
of 230 amps. It is clear from figure 3 that the front width and back width increased or decreased alternatively by changing 
the values of gas flow rate in increasing order. 
 

 
Gas Flow rate(lt/min) 

Figure 3 :Gas flow rate Vs weld bead geometry 
 
3.3. Effect of welding speed on weld characteristics of weld joint: 
The effect of the different values of welding speed on weld bead geometry of weld joint at constant welding current of 230 
amps shown below in figure 4. It is observed that as the welding speed increases at constant current, the front width and 
back width decreases linearly. 

 
Welding speed(mm/min) 

Figure 4: Welding speed Vs Weld bead geometry 
 

4. CONCLUSION 
From the out put of all experimental trials, it is found that there was great effect of welding parameters such as welding 
current, gas flow rate and welding speed on weld bead geometry(front and back width) of weld joint. It is clear from the 
results that the following conclusions are given from the analysis of obtained data of input and out put parameters. 
1. The front width and back width of weld bead increases linearly for different values of welding current when gas flow 

rate is kept constant. 
2. The front width and back width increases or decreases alternatively by changing the values of gas flow rate in 

increasing order when welding current is kept constant. 
3. As the welding speed increases at constant current, the front width and back width decreases linearly. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 3, March 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 3, March 2014 Page 190 
 

REFERENCES 
[1] R.J. Sacks, Welding; Principles and practices,Glencoc,Pcoria,IL,1981. 
[2] C.C.  Doumanidies, Modeling and control of timeshared and scanned torch welding, ASME J.  Dyn, systems, 

Measurement, control 116 (1994) 387-395. 
[3] A. Bicknell, J.S Smith, J. Lucas. Arc voltage sensor for monitoring of penetration in TIG welds. Iee 

proc.sci,Mcas.Technol. 141 (6)(1994) 513-520. 
[4] Y.M. Zhang.R. Kovacevic,L, Li,Characterization and real-time measurement of geometrical appearance of the  weld 

pool,Int,J. Mech. Tools Manufact. 36 (7)(1996) 799-816. 
[5] H.B.Cary, Modern welding Technology, Prentice Hall,Englewood Cliffs, NJ, 1989. 
[6] K. Gabor.A. Kristinn.G.E.Cook,R.J.Barnett, Neural network methods for the modeling and control of welding 

processes, J. Inteligent  Manufact. 3 (1992) 229-235. 
[7] Hetmanczyk, m., Swadzba, L. And Mendala, B.(2007),”Advanced materials and protective coatings in aero-

engineers Applications”,Journal of Achivements in materials and Manufacturing,Vol.24,No.2,pp.362-381. 
[8] Mee,V., Meelker, H, and Schelde, R.(1999),”How to control hydrogen level in (super)duplex stainless steel 

weldments using the GTAW or GMAW process”,Welding Research Suppliment, vol.78,No.1.pp.7.s-14s. 
[9] Lee. J.I. and Um K.W. (2000), “A prediction of welding process parameters byprediction back bead geometry”, J 

mater Process Technology. 
[10] Hetmanczyk, M., Swadzba, L. and Mendala, B. (2007), “Advanced materials andprotective coatings in aero-engines 

applications”, Journal of Achievements in Materials and Manufacturing Engineering, Vol.24, No.2, pp.372-381. 
[11] Raveendra, J. and Parmar R.S. (1987), “Mathematical models to predict weld bead geometry for flux cored arc 

welding”, Met Construct. 
[12] Minnick.and William, H. (1996), “Gas tungsten arc welding handbook”,Tinley Park,Illinois: Goodheart–Willcox 

Company, pp.71-73. 
[13] Li, L., Liu, Z. and Snow, M. (2006), “Effect of defects on fatigue strength of GTAWrepaired cast aluminium alloy”, 

pp.1s-6s. 
 
 
AUTHORS 
 

Mr. Raveendra Akunuru is born in India, Andhra Pradesh. He received B.Tech (Mechanical) degree from 
from R.E.C (Now National Institute of Technology),Warangal, Andhra Pradesh, India and 
M.Tech(Production Engineering) degree from Visveswaraya Technological University Belgaum, 
Karnataka, India. He is pursuing his doctoral study in Joining Processes at JNTU, Hyderabad, India. He is 

working as Associate Professor in Malla Reddy Engineering College, Secunderabad. He has 5 years of Industrial 
experience along with 11 years of teaching experience. His research interests include Pulsed Current TIG Welding. He is 
a life member of Indian Welding Society (IWS). 
 
 

Dr. B. V. R. Ravi Kumar received M.Tech (Design &Production Engineering) from R.E.C (Now National 
Institute of Technology), Warangal, Andhra Pradesh, India and PhD (Joining Process) from JNTU 
Hyderabad,Andhra Pradesh, India. He is working as a Professor in the Department of Mechanical 
Engineering, V.N.R.V.J.I.E.T,Hyderabad, India. And he has published more than 25 research papers in 

various National/International Journals and Conference proceedings. He is a life member of various professional bodies 
likeThe Institution of Engineers (India), Indian Welding Society (IWS) and Society for Aerospace Quality and Reliability 
(SAQR) and ISTE. 


