
Study of Effect of TIG Welding Process Parameters for Welding of 

Aluminium plates 
 

Himanshu Soni
1
, Ashutosh Dwivedi

2  

1M.Tech Scholar, 2Associate Professor,  
1, 2 Department of Mechanical Engineering, Vindhya Institute of Science and Technology, Satna, M.P., India 

1Corresponding author Email. Sonihimanshu921@gmail.com 

 

Abstract 

Welding of aluminium is troublesome owing to its physical and chemical properties. To improve welding  

of Aluminium (Al) plate a mechanized TIG welding arrangement can be utilized by which welding pace 

can be controlled amid welding process. Welding of Al plate has been performed for Al plate by changing 

distinctive welding parameters. Impact of welding velocity and welding current on the rigidity of the weld 

joint has been checked. Optical examination has been done on the weld zone by magnifying lens to assess 

the impact of welding parameters on welding quality. Smaller scale hardness estimation of the welded 

zone has been estimated at the cross segment to comprehend the change in mechanical property of the 

welded zone. 
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1. Introduction 

 

Welding is a lasting joining process used to join 

diverse materials like metals, composites or 

plastics, together at their reaching surfaces by 

use of warmth or potentially weight. Amid 

welding, the work-pieces to be joined are 

liquefied at the interface and after cementing a 

lasting joint can be accomplished. At times a 

filler material is added to shape a weld pool of 

liquid material which after hardening gives a 

solid bond between the materials. Weld capacity 

of a material relies upon various components 

like the metallurgical changes that happen amid 

welding, changes in hardness in weld zone 

because of fast cementing, degree of oxidation 

because of response of materials with climatic 

oxygen and propensity of break arrangement in 

the joint position. 

Welding of aluminium is troublesome due to the 

following physical and chemical properties. 

(a) Heat conductivity of aluminium is very 

high. Therefore restricted melting at 

welding territory is difficult to 

maintain. 

(b) Low melting point of aluminium, 660
o
 

C also contributes to localised melting 

at welding territory. 

(c) Coefficient of thermal expansion of 

aluminium is very high which makes it 

prone to twisting and bending due to 

development of thermal stresses. 

(d) Aluminium is chemically highly 

receptive. It rapidly forms oxide owing 

to its high affinity to oxygen. 

In the absence of established welding process 

for aluminium and its amalgams they are weld 

using assortment of techniques although TIG 

welding process is very often recommended for 

welding of aluminium. TIG welding is an arc 

welding process. However it is possible by 

controlling certain parameters viz. Welding 

velocity, welding current etc. The effect of 

parameters is important. 

 

2  Different type of welding processes 

In light of the warmth source utilized welding 

procedures can be sorted as pursues: 

(i) Arc Welding: In bend welding process 

an electric power supply is utilized to create a 

circular segment among anode and the work-

piece material to joint, with the goal that work-

piece metals soften at the interface and welding 

should be possible. Power supply for curve 

welding procedure could be air conditioning or 

DC type. The anode utilized for circular 

segment welding could be consumable or non-
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consumable. For non-consumable terminal an 

outer filler material could be utilized. 

(ii) Gas Welding: In gas welding process a 

concentrated high temperature fire created by 

burning of gas or gas blend is utilized to liquefy 

the work pieces to be joined. An outer filler 

material is utilized for legitimate welding. Most 

basic sort gas welding process is Oxy-acetylene 

gas welding where acetylene and oxygen 

respond and delivering some warmth. 

(iii) Resistance Welding: In obstruction 

welding heat is created because of going of high 

sum current (1000– 100,000 A) through the 

obstruction caused by the contact between two 

metal surfaces. Most normal sorts obstruction 

welding is Spot-welding, where a pointed 

cathode is utilized. Nonstop sort spot opposition 

welding can be utilized for crease welding 

where a wheel-formed cathode is utilized. 

2.2 Various types of Arc Welding: 

2.2.1 Shielded Metal Arc Welding (SMAW) 

or Manual Metal Arc Welding:  

This is most basic sort bend welding process, 

where a motion covered consumable cathode is 

utilized. As the cathode dissolves, the motion 

crumbles and creates protecting gas that shield 

the weld zone from environmental oxygen and 

different gases and delivers slag which covers 

the liquid filler metal as it exchange from the 

anode to the weld pool. The slag buoys to the 

surface of weld pool and shields the weld from 

climate as it hardens. 

2.2.2 Gas Metal Arc Welding (GMAW) or 

metal idle or dynamic gas welding 

(MIG/MAG):  

In this sort of welding process a ceaseless and 

consumable wire anode is utilized. A protecting 

gas for the most part argon or now and again 

blends of argon and carbon dioxide are blown 

through a welding firearm to the weld zone. 

2.2.3 Gas Tungsten Arc Welding (GTAW) 

or Tungsten inert Gas (TIG):  

GTAW or TIG welding process is a curve 

welding process utilizes a non consumable 

tungsten terminal to create the weld. The weld 

region is shielded from climate with a protecting 

gas by and large 

Argon or Helium or once in a while blends of 

Argon and Helium. A filler metal may likewise 

bolster physically for legitimate welding. 

GTAW most normally called TIG welding 

process was created amid Second World War. 

With the improvement of TIG welding process, 

welding of hard to weld materials e.g. 

Aluminum and Magnesium end up conceivable. 

The utilization of TIG today has spread to an 

assortment of metals like tempered steel, 

mellow steel and high ductile steels, Al 

combination, Titanium amalgam. Like other 

welding framework, TIG welding power 

sources have additionally enhanced from 

essential transformer types to the exceptionally 

electronic controlled power source today. 

Among every one of these sorts of welding 

forms circular segment welding is generally 

utilized for various kinds of materials. Basic 

sorts of circular segment welding process are: 

2.3  Essential system of TIG welding: 

TIG welding is a circular segment welding 

process that utilizes a non-consumable tungsten 

anode to deliver the weld. The weld region is 

shielded from environment by a latent 

protecting gas (argon or helium), and a filler 

metal is typically utilized. The power is 

provided from the power source (rectifier), 

through a hand-piece or welding light and is 

conveyed to a tungsten anode which is fitted 

into the hand piece. An electric curve is then 

made between the tungsten terminal and the 

work piece utilizing a steady flow welding 

power supply that produces vitality and directed 

over the bend through a section of profoundly 

ionized gas and metal vapors [1]. The tungsten 

terminal and the welding zone are shielded from 

the encompassing air by latent gas. The electric 

bend can deliver temperatures of up to 

20,000oC and this warmth can be engaged to 

liquefy and join two distinctive piece of 

material. The weld pool can be utilized to unite 

the base metal with or without filler material. 

Schematic chart of TIG welding and component 

of TIG welding are appeared in fig. 1 and fig. 2 

separately 
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Fig 1: Schematic Diagram of TIG Welding 

System. 

 

 

 

Fig. 2: Principle of TIG Welding. 

 

 

Tungsten anodes are normally accessible from 

0.5 mm to 6.4 mm breadth and 150 - 200 mm 

length. The current conveying limit of each size 

of cathode relies upon whether it is associated 

with negative or positive terminal of DC control 

source. The power source required to keep up 

the TIG circular segment has a hanging or 

consistent current trademark which gives a 

basically steady current yield when the curve 

length is fluctuated more than a few millimeters. 

Consequently, the common varieties in the 

curve length which happen in manual welding 

have little impact on welding current. The 

ability to restrain the current to the set esteem is 

similarly significant when the cathode is short 

circuited to the work piece, generally too much 

high current will stream, harming the terminal. 

Open circuit voltage of intensity source ranges 

from 60 to 80 V. 

2.4 Process Parameters for TIG Welding 
 

a) Welding Current 

Higher current in TIG welding can prompt 

splatter and work piece progress toward 

becoming harm. Again lower current setting in 

TIG welding lead to staying of the filler wire. 

Once in a while bigger warmth influenced 

territory can be found for lower welding current, 

as high temperatures need to connected for 

longer timeframes to store asimilar measure of 

filling materials. Settled current mode will 

change the voltage with the end goal to keep up 

a steady curve current. 

b) Welding Voltage 

Welding Voltage can be settled or flexible 

relying upon the TIG welding hardware. A high 

starting voltage takes into consideration simple 

curve inception and a more prominent scope of 

working tip separate. Too high voltage, can 

prompt substantial variable in welding quality. 

c) Idle Gases: 

The decision of protecting gas is relies upon the 

working metals and impacts on the welding 

cost, weld temperature, curve strength, weld 

speed, splatter, cathode life and so forth it 

likewise influences the completed weld 

infiltration profundity and surface profile, 

porosity, consumption opposition, quality, 

hardness and fragility of the weld material. 

Argon or Helium might be utilized effectively 

for TIG welding applications. For welding of to 

a great degree thin material unadulterated argon 

is utilized. Argon by and large gives a curve 

which works all the more easily and discreetly. 

Infiltration of circular segment is less when 

Argon is utilized than the bend gotten by the 

utilization of Helium. Thus argon is favored for 

the greater part of the applications, aside from 

where higher warmth and entrance is required 

for welding metals of high warmth conductivity 

in bigger thicknesses. Aluminum and copper are 

metals of high warmth conductivity and are 

instances of the kind of material for which 

helium is invaluable in welding generally thick 

areas. Unadulterated argon can be utilized for 

welding of basic steels, low alloyed steels, 

tempered steels, aluminum, copper, titanium 

and magnesium. Argon hydrogen blend is 

utilized for welding of a few evaluations of 

hardened steels and nickel composites. 

Unadulterated helium might be utilized for 

aluminum and copper. Helium argon blends 

might be utilized for low compound steels, 

aluminum and copper. 
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d) Welding speed: 

Welding speed is an imperative parameter for 

TIG welding. On the off chance that the welding 

speed is expanded, power or warmth input per 

unit length of weld is diminishes, in this way 

less weld fortification outcomes and infiltration 

of welding diminishes. Welding velocity or 

travel speed is basically control the dab size and 

entrance of weld. It is related with current. 

Intemperate high welding rate diminishes 

 

3.  Challenges of Aluminium Welding 

3.1  Properties and preferences of Al: 

Aluminum is a light weight metal (explicit 

weight of 2.7 g/cm3). Utilization of aluminum 

in car and aviation diminishes dead-weight and 

vitality utilization. Quality of Aluminum can be 

enhanced according to the required properties 

for different applications by changing the 

creation of its amalgams. Aluminum is an 

exceptionally consumption safe material. 

Distinctive sorts of surface treatment can 

additionally enhance its consumption 

obstruction property. Aluminum is a fantastic 

warmth and power channel and in connection to 

its weight is twice as great a transmitter as 

copper. This has made aluminum the most 

regularly utilized material in real power 

transmission lines. 

3.2  Welding of Aluminum and 

Aluminum compound 

Aluminum can be participated from numerous 

points of view, for example, darting, riveting 

(transitory joint) and welding (changeless 

techniques). Aluminum and its amalgams are 

welded in industry by an assortment of 

techniques. Warm conductivity of Aluminum is 

very high; in this way warm is effectively led 

far from the welding region. It is basic that the 

warmth source is sufficiently amazing to 

quickly achieve aluminum's dissolving purpose 

of 565/650ºC. Coefficient of warm extension of 

Aluminum is additionally high contrasted with 

steel, so it is inclined to twisting and stress 

incitement if the correct welding technique isn't 

pursued. Aluminum is a receptive metal that 

rapidly frames an oxide layer at first glance and 

quality of the weld territory wind up frail. In 

this way welding of Aluminum by traditional 

circular segment welding process is turned out 

to be troublesome. 

By understanding the welding attributes and 

using appropriate systems Aluminum and its 

combinations could be effortlessly weld. The 

most well-known business aluminum and 

aluminum amalgam welding techniques 

utilize an electric curve with either a 

persistently nourished wire terminal [with DC 

flow, with and without beat current] or a 

perpetual tungsten cathode in addition to filler 

wire with air conditioning flow. To guarantee 

a satisfactory weld quality, there are two 

essential variables to consider - loosening up 

and evacuating the oxide film, and keeping 

the arrangement of new oxide amid the weld 

procedure. It is basic that legitimate 

arrangements and precautionary measures 

dependably be taken before welding starts. 

The surfaces to be joined and the zone around 

the weld zone [~50 mm] must be degreased 

utilizing as dissolvable [acetone or toluene] 

and a perfect material. The territory must be 

spotless and totally dry as oil and dampness 

can shape gases and cause pores in the welded 

joint [4] 

4.1 Advancement of a mechanized TIG 

welding framework 

For appropriate welding and control on welding 

parameters principally on welding speed a 

mechanized welding setup has been produced 

in-house. The robotized welding setup with its 

principle parts is appeared in fig. 3  

 

 

 

 

 

 

 

 

 

 

Fig. 3 – Experimental set-up for TIG welding 
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4.2 Adjustment of speed  

Before begin the investigation speed of the 

portable tractor was aligned to get a required 

welding rate and found distinctive speed esteem 

which is appeared in table: 

Table 1: Speed an incentive on speed 

controlled tractor 

Number on 

equipment 

Speed value(mm/s) 

1 2.5 

1.5 3.0 

2 3.5 

2.5 4.0 

3 4.5 

3.5 5.0 

4 5.5 

 

4.3 Exploratory arranging and methodology: 

For the present work, experimentation was done 

in two stage. In first stage, butt welding of Al 

plate (3 mm thickness) done at one favour 

diverse current setting and welding speed. In 

second stage, butt welding of Al plate done both 

side by fluctuating welding rate and current 

setting. 

Parameters Range 

Welding Current 100 – 140  A 

Voltage 50 V 

Speed 3.5 – 4   mm/s 

Distance of tip from 

weld centre 

3  mm 

Gas flow rate 8 – 10  l/min 

Current type AC 

Dimension 120 mm  x  50 mm  x  

3 mm 

 

Table 2: Welding parameters for first period 

of analyses 

Ex

p 

No. 

Electrode 

work 

piece 

distance  

Argo

n gas 

flow 

rate  

Voltag

e 

 

Weldin

g Speed  

Curren

t    

 mm l/mm V mm/s A 

1 3 8-10 50 3.50 100 

2 3 8-10 50 3.50 110 

3 3 8-10 50 3.50 120 

4 3 8-10 50 3.50 130 

5 3 8-10 50 3.50 140 

6 3 8-10 50 4.0 100 

7 3 8-10 50 4.0 110 

8 3 8-10 50 4.0 120 

9 3 8-10 50 4.0 130 

10 3 8-10 50 4.0 140 

 

5  Data Analysis 

Welding width for every one of the examples 

were estimated and determined normal welding 

width as appeared in table 4. Normal benefit of 

welding width at that point plotted against the 

connected welding current for various welding 

speed as appeared in Fig. 3. From the plot it is 

plainly observed that welding width increments 

directly with increment of welding current. 

 

 

 

 

 

.Fig. 4– welded example performed with (a) 

welding speed 3.5 mm/s and welding current 

100, 110, 120, 130 and 140 A for test no 1, 

2,3,4,5 separately (b) welding speed 4 mm/s 

and welding current 100, 110, 120, 130 and 

140 A for test no 6,7,8,9,10 individually 

              Table 3: Weld width 

Sample 

no. 

Reading 

1 

Reading 

2 

Reading 

3 

Avg. 

Width 

 mm mm mm mm 

1 5.43 4.85 4.51 4.93 

2 7.35 6.83 7.22 5.14 

3 8.95 7.58 7.29 7.94 

4 7.24 7.82 7.82 7.626 

5 10.92 10.45 10.04 10.47 

6 5.03 5.18 4.92 5.042 

7 5.53 5.85 5.99 5.79 

8 8.57 8.05 7.86 8.16 

9 9.27 8.06 8.27 8.54 

10 9.13 10.07 8.57 9.256 
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Fig. 5:  Welding width of the examples with 

various welding velocity and welding current 

condition 

Table 4: Surface roughness value for 

different welded samples 

Sample 

no. 

Reading 

1 

Reading 

2 

Reading 

3 

Avg. 

Width 

 µm µm µm µm 

1 3.411 3.358 3.034 3.145 

2 1.929 1.190 1.189 1.436 

3 1.720 1.381 1.376 1.492 

4 0.704 1.382 1.395 1.160 

5 2.812 2.791 1.220 2.274 

6 1.900 4.615 3.258 3.258 

7 2.363 2.192 2.174 2.243 

8 3.563 3.575 3.583 3.574 

9 3.248 3.311 4.151 3.57 

10 1.311 1.236 1.210 1.252 

 

 

 

Fig. 6:  Avg. surface roughness of the sample 

with different welding current and welding 

speed condition 

5.1 Micro hardness test: Smaller scale 

hardness estimation of the welded zone was 

estimated for all the welded examples at the 

cross area to comprehend the change in 

mechanical property of the welded zone. It 

demonstrates the smaller scale hardness esteem 

at the welded zone taken from the focal point of 

the welding zone towards the base material for 

various examples performed with various 

welding pace and welding current. From the 

diagram it is discovered that for all the example 

smaller scale hardness esteem increments in the 

welding zone than the base material and these 

qualities are in the scope of 40 to 80 HV in the 

welded zone. After a specific separation these 

esteem diminishes to the hardness of the base 

material for the example prepared with welding 

speed 3.5 mm/s and distinctive current, Anyway 

for the welding finished with welding speed 4 

mm/s and diverse current setting miniaturized 

scale hardness esteem ranges to the smaller 

scale hardness estimation of base material after 

5 to 6 mm. 

5.2. Tensile test: Tensile test of the welded 

joint was performed with all inclusive ductile 

testing machine (Instron) with most extreme 

load limit 600 kN. Load give with a speed of 1 

mm/min.  

Table 5: Maximum load at tensile strength 

and tensile strength value of different welded 

samples. 

Sample 

no. 

Load at Tensile 

strength 

Actual 

Tensile 

Strength 

 N MPa 

1 1719.36415 22.92486 

2 1964.57603 26.19435 

3 2878.42769 38.37904 

4 2311.58920 30.82119 

5 2927.50737 39.03343 

6 1311.63038 17.48841 

7 1285.78716 17.14383 

8 3307.39478 44.09860 

9 2258.41971 30.11226 

10 1386.81158 18.49082 

 

 

Fig. 7: Tensile strength of the welded joint 

against applied current for welding speed 

of        3.5 mm/s. 

 

Fig. 8: Tensile strength of the welded joint 

against applied current for welding speed of 

4mm/s. 
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5.3 2
nd

 phase of experiment (both side 

joint): 

In the wake of playing out the first phase of 

trials it was uncovered that rigidity of the weld 

joint is very low and just piece of the plate 

thickness got welded for the connected 

parameter setting. 

 

 

 

 

 

Fig. 9:  Both side TIG welded samples 

prepared with (a) welding current 180 A, 

welding speed 3 mm/s (b) welding current 

180 A, welding speed 3.5 mm/s 

 

Table 6: Maximum load at tensile strength 

and tensile strength value of different welded 

samples (Both side welding) 

Sample 

no. 

Load at Tensile 

strength 

Actual 

Tensile 

Strength UTS 

 N MPa 

1 6711.35578 111.8559 

2 5538.17376 92.3029 

3 4835.23384 80.58724 

4 4517.39766 75.28996 

5 5962.58473 99.37641 

6 5752.48897 95.87498 

7 6289.73264 104.8289 

8 5994.42478 99.90709 

 

 

Fig. 10: Tensile strength of the welded joint 

against different welding speed for applied 

current of 150 A 

 

Fig. 11:  Tensile strength of the welded joint 

against different welding speed for applied 

current of 180 A 

6  Result and discussion 

From the investigation of TIG welding of 

Aluminum plate following end can be made: 

1. With the mechanized welding framework 

uniform welding of Aluminum plate can be 

conceivable.  

2. Welding quality or rigidity of the weld joint 

relies upon the welding parameters like welding 

rate and welding current.  

3. With the expansion in current, elasticity of 

the weld joint increments.  

4. Hardness estimation of the weld zone change 

with the separation from weld focus because of 

progress of microstructure.  

5. At bring down welding speeds quality is 

increasingly because of greater power of 

current.  

6. For both side welding rigidity is discovered 

relatively equal to the quality of base material.  

7. For both sided welding performed with high 

current (180 A), welding speed have no explicit 

impact on elasticity of the weld joint. 
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