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Abstract 

 

The parameter optimization on friction stir welding of aluminum alloy for the better mechanical properties has been studied. 

Taguchi’s orthogonal array concept is used to run the experiments to find the optimal parameter setup. The strength of the welding 

is depending on the correct combination of the influencing parameters. If wrong combination is selected, the quality is also affected. 

The objective of this project is to maximize the mechanical properties like tensile strength and hardness of the welded zone. The 

process parameters such as tool rotational speed (rpm), welding speed (mm/min), dwell time (minutes), and tool tilt angle (degree) 

play important role in friction stir welding. Totally nine experiments are conducted based on L9 orthogonal array and the hardness 

is measured on the welded zone. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Welding is a fabrication or sculptural process that joins materials, usually metals or thermoplastics, by causing coalescence. This 

is often done by melting the work pieces und adding a filler material to com a pool of molten material (the weld pool) that cools 

to become a strong joint, with pressure sometimes used in conjunction with heat, or by itself, to produce the weld. This is in contrast 

with soldering and brazing, which involve molting a lower-melting point material between the work places to form a bond between 

them, without melting the work pieces.  Many different energy sources can be used for welding, including a gas flame, an Electric 

are, a laser, an electron beam, friction, and ultrasound. While often an industrial Process, welding may be performed in many 

different environments, including open air, Under water and in outer space. Welding is a potentially hazardous undertaking and 

Precautions are required to avoid burns, electric shock, vision damage, inhalation of Poisonous gases and fumes, and exposure to 

intense ultraviolet radiation. Welding is a material joining process which produces coalescence of material by heating them to 

suitable temperatures with or without the application of pressure or by the application of pressure alone, and with or without the 

use of filler material.  Welding is used for making permanent Joints. It is used in the manufacture of automobile bodies, aircraft 

frames, railway wagons, machine frames, structural works, tanks, furniture, boilers, general repair work and ship building. 

 Friction Stir Welding 

In late 1991 a very novel and potentially world beating method was conceived at TWI. The process was duly named friction stir 

welding (FSW), and TWI field for world- wide patent protection in December of that year. TWI (The Welding Institute) is a world 

famous institute in the UK that specializes in materials joining technology. Consistent with the more conventional methods of 

friction welding, which have been practiced since the early 1950s, the weld is made in the solid phase, that is, no melting is involved 

compared to conventional friction welding. FSW uses a rotating tool to generate the necessary heat for the process. Since its 

invention, the process has received world-wide attention and today two Scandinavian companies are using the technology is 

production particularly for joining aluminum alloys also, FSW is a process that can be automated. It is also a cleaner and more 

efficient process to conventional techniques. 

 Working Principle 

In friction stir welding (FSW) a cylindrical, shouldered tool with a profiled probe Is rotated and slowly plunged into the joint line 

between two pieces butted together. The parts have to be clamped onto a backing be in a manner that prevents the a butting joint 
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Surfaces from being forced a part. Frictional heat is generated between the wear resistant welding tool and the material of the work 

pieces. This heat causes the latter to soften without reaching the melting point and allows traversing of the tool along the weld line. 

The maximum temperature reached is of the order of 0.8 of the melting temperature of the material. The plasticized material is 

transferred from the leading edge of the tool to the trailing edge of the tool probe and is forged by the intimate contact of the tool 

shoulder and the pin profile. It leaves a solid phase bond between the two pieces. The process can be regarded as a solid phase key 

whole welding since a hole to accommodate the probe is generated, then filled during the welding sequence. 

 
Fig. 1.1: Friction Stir Welding 

 The non-consumable tool has a circular section except at the end where there is ai threaded probe or more complicated flute; the 

junction between the cylindrical portion and the probe is known as the shoulder. The probe penetrates the work piece whereas the 

shoulder rubs with the top surface. The tool has an end tap of 5 in 6mm diameter and a Height of 5 to 6mm (may vary with the 

metal thickness). The tool is set in a positive angle of some degree in the welding direction. The design of the pin and shoulder 

assembly plays a major role on how the material moves during the process. 

 Microstructure  

The first attempt at classifying microstructures was made by P.L. Thread gill (Bulletin March 1997). this work was based solely 

on information available from aluminum alloys. However, it has become evident from work on other materials that the behavior 

of aluminum alloys is not typical of most metallic materials, and therefore the scheme cannot be broadened to encompass all 

materials. It is therefore proposed that the following revised scheme is used. This has been developed at TWI, but has been 

discussed with a number of appropriate people in industry and academia, and has also been provisionally accepted by the friction 

stir welding license association. The system divides the weld zone into distinct regions as follows. This material remote from the 

weld, which has not been deformed, and which although it may have experienced a thermal cycle from weld is not affected by the 

heat in terms of microstructure or mechanical properties.  

 In the region, which clearly will lie closer to the weld center, the material has experienced a thermal cycle, which has modified 

the microstructure and/or the mechanical properties. However, there is no plastic deformation occurring in this area. In the previous 

system, this was a direct parallel with the heat affected zone in other thermal process, and there is a little justification for a separate 

name. In this region, the material has been plastically deformed by the friction stir welding tool, and the heat from the process will 

also have exerted some influence on the material. In the case of aluminum, it is possible to get significant plastic strain without 

recrystallization in this region, and there is generally a distinct boundary between the recrystallized zone and the deformed zones 

of the TMAZ. In the earlier classification, these two sun-zones were treated as distinct microstructural regions. However, 

subsequent work on other materials has shown that aluminum behaves in a different manner to most other materials, in that it can 

be extensively deformed at high temperature without recrystallization. In other materials, the distinct recrystallized region (the 

nugget) is absent, and the whole of the TMAZ appear to be recrystallized. The recrystallized area in the TMAZ in aluminum alloys 

has traditionally been called the nugget. Although this term is descriptive, it is not very scientific. However, its use has become 

widespread, and as there is no word which is equally simple with greater scientific merit, this term has been do schematic diagram 

is shown in the above figure which clearly identifies the various region. It has been suggested that the area immediately below the 

tool shoulder (which clearly part of the TMAZ) should be given a separate category, as the grain structure is often different there. 

The microstructure here is determined by rubbing by the rear face of the shoulder, and the material may have cooled below its 

maximum. It is suggested that this area is treated as a separate sub-one of the TMAZ. 
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Figure 1.2 Microstructure Analysis 

II. LITERATURE REVIEW 

Jayaraman et al (2009) have analysed the parameters of FSW of cast aluminium alloy A319. The primary process parameters (tool 

rotational speed, welding speed and axial Force) which contribute to heat input and subsequently influence tensile strength variation 

In FSW aluminium alloy joints were selected for this study. Using ANOVA and signal Noise ratio to find the optimum welding 

condition and tensile strength. A non linear Regression model developed to correlate tensile strength has been found to be useful 

in Predicting tensile strength. Galva et al (2013) also Conducted friction stir welding of heat treatable AAGO-O and non-beat 

teatable AA5083-0 Final results shows AASOS-Oa welas bardhess value increase was Registered in the aluminum plate part due 

to formation of an alterefined microstructure in The nugget zone Alicaa ci ai (2016) ive aveau mod u wens die sama meals AZ31-

0 magnesium alloy and 6061-T6 aluminum alloy. The rol zotational speed and Travel speed are considered as the main parameters 

Metallographic studies demonstrate That the as compared to the base metal the grain sise in the ser zou is gives fine result The 

ultimate tensile strength revealed on the welded specimen adet 78% of AZ3Img Alloy and 60%of the 6061 al alloy of the base 

metal  Li et al (2014) has found microstructure and mechanical properties of jounts obtained by Friction stir welding on pure 

copper/1350 aluminum alloy Optical microscopy, SEM, EDS analysis were used to find the microstructure and chemical 

compositions. To Revealed mechanical properties, hardness tests tensile strength of the welds were Demonstrated. The offset, tool 

rotational spond, welding speed were considered as main Parameters. It was observed that when the aluminium plate kated at the 

advancing side Of the tool where the copper plate is located retreating side. The observation from fracture Surface shows pure 

copper/1350 aluminium joint fail with a detile brittle mixed fracture Mode during tensile test.Rao et al (2015) Friction stir welding 

(FSW) process, a solid-state welding technique Developed by The Welding Institute, UK in 1991. A typical FSW setup consists 

of a Rotating tool with a probe pin that is plunged into two sheets of metal to be joined.The downward force and rotational speed 

of the tool generates localized friction as the tool Interacts with the sheets. The heat generated by friction and plastic deformation 

of sheet Metals softens the materials adjacent to the tool and form a solid bond between upper and Lower sheets. Rodriguez et al 

(2015) The quality of the weld in FSW influenced by tool rotational Speed, tool material, tool profile , tool pin diameter, tool pin 

length, holder diameter, Welding speed and dwell time. Ilangovan et al (2014) investigated the tensile properties of AA6061 to 

AAS086 to join Using friction stir welding. To examine mechanical properties hardness test, tensile Strength of the welds was 

measured. The tool rotational speed, tool transverse speed, axial Force, tool pin profile, tool pin diameter cool pin length is selected 

for the main parameter of this welding. This was accredited the defect free stir zone formation and grain size Strengthening. Abaar 

et al (2015) have investigated the influence of heat input on the mechanical Properties of AA3003-H18 joint by friction stir welding. 

In order to find the mechanical Properties, hardness test and tensile strength were measured. The tool rotational speed, Welding 

speed, tool tilt angle and tool material are apply to the welded region. As the Result was observed that the increase the tool rotational 

speed hardness level is decreased In the stir zone but increase the welding speed does not make a substantial effect on the Hardness 

of the stir zone. 

III. PROBLEM DESCRIPTION 

Normally friction stir welding is a solid state process. The tool is plunge the Material and transversely goes to joints the material 

by pressure and heat. It gives better Mechanical properties compared to conventional welding but it is slow process, time taken To 

join the weld geometries. Parameters (fixed and variable) plays crucial role on friction Stir welding of aluminum alloy. Higher and 

lower range parameters make poor results on Weld zone. To select the optimum welding conditions then apply the parameters to 

get Better hardness, tensile strength and microstructure further Taguchi optimization method is Applied to the experimental results 

we found superior results.         
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IV. EXPERIMENTAL WORK 

Aluminum alloy 6061-T6 has acceptable machinability with good workability But friction stir welds were produced using 6mm 

thickness plate of aluminum Alloy 6061-1. The nominal composition and mechanical properties is summarized in Table 5.1. The 

aluminum alloys were welded at three rotational speeds, welding speeds. Tool tilt angle, and dwell time. It is noted that the above 

parameters chosen in this project Work similar to the reference papers. A cylindrical pin is used as tool having a pin length Is 

5.5mm and diameter is 10mm then the shoulder diameter is 25mm were used for this Project. The metal is machined by milling 

cutter to remove the scraps the acetone is used To clean the surface of the aluminum alloy 6061-T6 plates. The butt friction stir 

welding Was performed parallel to the rolling direction of the plates, and by placing the AA6061- T6 right hand side on the 

advancing side. The two 125mm aluminum plates were placed on the clamp then the two plates are tightly fitted using nut and 

bolt. While fitting of two plates are loose the plates are throughout from the machine because of the tool is rotated at high r.p.m 

and plunge depth. Then check all the conditions are correct further the machine is switched on then set tool Rotational speed with 

some r.p.m, set welding speed, tilt angle and dwell time. 
Table - 4.1 

Nominal compositions and mechanical properties for AA6061-T6 

Material Al Si Cu Mg Cr UTS YS (MPa) Elongation (%) 

AA6061-T6 Bal 0.6 0.3 1.0 0.2 310 275 15 

 The tool pin Is plunged on the matching sides of the plates while the shoulder is touches the plates Further applying dwell time 

then the dwell time is completed to transverse the tool pin Along its direction until the welding was complete. This process is 

repeat again and again Whereas the process parameters were completed.  

Aluminum alloy 6061-T6   Length = 6mm       Breath = 125mm 
Table - 4.2 

Identified Parameters 

Parameters Ranges 

Tool rotational speed 450, 560, 710 R.P.M 

Welding speed 20, 40, 63 mm/min 

Dwell time 1.5, 2, 2.5 min 

Tilt angle 0, 1, 2 degree 

Table - 4.3 

Factors and Levels 

Factors 

A 

Tool rotational 

Speed (r.p.m) 

B 

Welding speed 

(mm/min) 

C 

Welding speed 

(mm/min) 

D 

Welding speed 

(mm/min) 

Level 1 450 20 1.5 0 

Level 2 560 40 2 1 

Level 3 710 63 2.5 2 

V. RESULT AND DISCUSSION 

The transverse (X-Y) sections of the joints produced at different rotational speeds. As stated earlier, the AA 6061-T6 right hand 

side positioned on the advancing side while the A16061-To left hand side positioned on the opposite or rather the retreating side. 

Due to the etching response AA6061-T6 is shown as bright coloured regions. Tunnel defect were noticeable from the traverse 

sections at higher rotational speed. Three main regions can be distinguished on the transverse sections, corresponding to the stir 

zone (SZ), the thermo mechanical affected zone (TMAZ), and the heat affected zone (HAZ). On the stir zone welding speed at low 

rotational speed (450 r.p.m) and medium rotational speed (560 r.p.m) was gives good material intermixing and no defects were 

formed but higher welding speed (710 r.p.m) was affect the metal (i.e.,) tunnel defect induced during intermixing of metals. 

Hardness values also reduced at higher rotational speed that represented on graph 
Table - 5.1 

Hardness Value for Aluminum Alloy 6061-T6 

Reading No 
Parameter (1) Tool 

rotational speed(a) [rpm] 

Parameter (2) welding  

speed (b)[mm/min] 

Parameter 

(3) dwell 

time(c) 

[min] 

Parameter 

(4) tool tilt 

angle (d) 

[degree] 

Diameter of 

impression 

in various places(mm) 

 

 

H 

1 2 3 Average 

1 450 20 1.5 0 47 45 39 43.66 

2 450 40 2 1 46 48 50 48 

3 450 63 2.5 2 48 45 47 46.66 

4 560 20 2 2 47 49 47 47.66 

5 560 40 2.5 0 49 49 50 49.33 

6 560 63 1.5 1 50 50 55 51.66 

7 710 20 2.5 1 42 48 42 44 

8 710 40 1.5 2 49 50 45 48 

9 710 63 2 0 48 55 63 55.33 
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VI. CONCLUSION 

Friction stir welding of aluminium alloy 6061-T6 plate was carried out using the parameter values and thee hardness test were 

investigated. From the experiments it was observed that the hardness values in the welding zone is having 91% of the base metal 

hardness value. Using method the combination of the parameters for the better hardness is identified as follows   Tool rotational 

speed 450 rpm. Welding speed 20 mm/min, Dwell time 1.5 min, Tool tilt angle 0 degree. 
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