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Abstract— Friction Stir Welding (FSW) was carried out on 

commercially available Aluminum Alloy 6063T-6 and AA 

6061 plates, with dimensions of 150×75×6 mm. in my project 

we have selected dissimilar materials, especially on 

aluminum alloy 6061 and 6063-T6, Design of experiment 

(DOE) was applied to determine the most important factors 

which influence Ultimate Tensile Strength (UTS) of AA 6063 

T-6 and AA 6061 joints produced by Friction Stir Welding 

(FSW). Effect of two factors which include tool rotational 

speed, welding speed. By Taguchi method using L9 

orthogonal array, the optimum of process parameters was 

determined. GRA analysis was carried out to determine the 

percentage contribution of each factor on Tensile Strength. 

Particular emphasis has been given to the Effect of welding 

speed and tool rotation speed on welded work piece and study 

on mechanical properties.   
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I. INTRODUCTION  

A. Friction Stir Welding 

Friction stir welding is a ‘green’ technology due to its energy 

efficient, never produce harmful gas and its very simple to 

weld process considered to be the most significant 

development in metal joining in a decade, and versatility. 

Combination of desirable properties of both parent materials. 

The difficulties in joining materials with vastly differing 

properties using conventional fusion welding methods are 

well. The joining of dissimilar materials is vital, since it is 

intended to obtain a product having otherwise, the possible 

formation of complex, brittle, intermetallic compounds can 

degrade the quality of the weld, resulting in inferior welds. 

Similarly, it is not straight forward to directly join these 

materials using solid-state joining methods—given the 

compatibility issues of physical properties of the materials as 

well as formation of intermetallic compounds. Friction stir 

welding consumes considerably less energy , as compare to 

the conventional welding methods, i:e friction stir welding is 

better other welding process in FSW process , No cover gas 

or flux is used,  So all this advantage is making the process 

environmentally friendly. The tool serves two primary 

functions: (a) Heating of work piece, (b) Movement of 

material to produce the joint .The heating is accomplished by 

friction between the tool and the work piece and plastic 

deformation of work piece. The process prompting both 

sheets to reach the plastic state. Studied the dissimilar 

material of aluminum alloy joint  through SW ofAA6061 and 

AA6063-T6 plates having  both material thickness of 6mm 

and 6 mm, respectively, with various tool rotation speeds and 

tool traverse speeds according to the fixed location of each 

material on top or bottom sheet. It was identified pull-up and 

pull-down in the advancing side and retreating that the 

amount of vertical transport increased and consequently the 

thickness of aluminum sheet decreased when the heat 

generation on the base material was increased either by 

increasing the tool rotation speeds or by decreasing the tool 

traverse speeds. Joint strengths mainly depended on the 

interface morphology and vertical movement of material. {8, 

7}. 
 

B. Friction Stir Welding 
 

1) Definition: 

Friction stir welding is one of the advance trends using in 

welding technology. It is a solid state joining process. Weld 

is created by frictional heating and mechanical deformation 

only. This process has a process parameter of tool geometry, 

welding parameter (tool rotation speed in rpm, tool traverse 

speed in mm/min and tool tilt angle in degree) and joint 

design. The major parameter from this parameter is tool 

geometry parameter. Friction Stir Welding (FSW) is a 

recently developed friction welding process which was 

developed at The Welding Institute (TWI), Cambridge, UK 

.This method uses a rotating non-consumable welding tool. 

FSW has weld unlike cast and wrought aluminum (Al) alloys, 

steels, along with titanium (W), copper (Cu) and magnesium 

(Mg) alloys, different metal cluster alloys and metal matrix 

amalgams. The skill can be used to crop butt, corner, lap, T, 

spot, fillet and hem links also to weld deep objects, for 

example tanks and tube and parts with 3-D outlines. In 

addition to producing joints, this process is besides 

appropriate for patch-up of present joint. {7, 11} 

  
Fig. 1.1: FSW Schematic Diagram 

II. LITERATURE REVIEW 

A. Survey of Literature 

American Welding Society are shows the report on the 

practice of friction stir welding has been carried out since 



Study the Effect of Tool Rotation Speed and Welding Speed on Mechanical Properties of Welded Aluminum Alloy (Welding through Friction Stir Process) 

 (IJSRD/Vol. 5/Issue 09/2017/097) 

 

 All rights reserved by www.ijsrd.com 401 

1891 which is proved by the fact that first patent of the 

process was dispensed in the USA in 1891. Since then 

number of patents has been increased as further work 

developed in Europe in between 1920 to 1944 and in Russia 

in 1956.  

1) Liu a (2013): 

In their research, using parameters are 4 mm thick alloy of 

aluminum 6061-T6 aluminum .and welding speed is 600 rpm 

and feed rate is 25mm/min. which are constant Aluminum 

alloy was self-reacting. The specially designed self-reacting 

tool was characterized by the two different shoulder 

diameters. Final result of the project is elongation and tensile 

strength of joints increased with increasing welding speed. 

Final observation of the experiment is find out the defect-free 

joints were obtained at lower welding speeds and the tensile 

fracture was located at the heat affected zone i:e in tensile 

testing report the specimen of the tensile test is fracture on the 

joint of welding point  adjacent to the thermal mechanically 

affected zone on the advancing side. Maximum ultimate 

strength is 120 MPa and 36 MPa yield strength at constant 

weld speed 600 rpm and 25 mm/min. feed.  

2) Yong-Jai Kwon et al(2005): 

Investigated the friction stir welding between 5052 aluminum 

alloy plates with a thickness of 2 mm. Rotation speeds of the 

tool were ranging from 500 to 3000 rpm under a constant 

traverse and feed speed of 100 mm/min. 1 000, 2000 and 3000 

tool rotation speed are obtain by the work piece  , At 500, 

1000, and 2 000 rpm onion ring structure was clearly 

observed in the friction-stir-welded zone (SZ).  

B. Research Gap 

1) Liu a (2013): 

In their research, using parameters are 4 mm thick alloy of 

aluminum 6061-T6 aluminum .and welding speed is 600 rpm 

and feed rate is 25mm/min. which are constant Aluminum 

alloy was self-reacting. The specially designed self-reacting 

tool was characterized by the two different shoulder 

diameters. Final result of the project is elongation and tensile 

strength of joints increased with increasing welding speed. 

Final observation of the experiment is find out the  defect-free 

joints were obtained at lower welding speeds and the tensile 

fracture was located at the heat affected zone i:e in tensile 

testing report the specimen of the tensile test is fracture on the 

joint of welding point  adjacent to the thermal mechanically 

affected zone on the advancing side. Maximum ultimate 

strength is 120 MPa and 36 MPa yield strength at constant 

weld speed 600 rpm and 25 mm/min. feed.  

I have done 6 mm thick aluminum alloy 6063-T6 

and aluminum alloy 6061 for welding through FSW at 3 

different rotation speed 600 rpm , 800 rpm , and 1200 rpm. 

To analyze the weld strength of welded aluminum alloy on 

different tool rotation speed and welding speeds using 

Friction Stir Welding process. Find out the yield and ultimate 

strength of welded material. Study the stress-strain graph 

which is float by ASTM machine during the tensile test. 

Taguchi orthogonal array, the signal-to-noise (S/N) ratio and 

grey relational analysis (GRA) were used for the optimization 

of friction stir welding parameters. 

III. APPLICATIONS OF FSW 

A. FSW Application  

Commercial applications have been reported across many 

industries, and some selected example are shown below 

which illustrate the widening appeal of the process. This list 

is representative rather than exhaustive, and it should be 

emphasized that new application are appearing all the time.  

1) MARINE 

2) RAILS 

3) AEROSPACE 

4) AUTOMOTIVE 

IV. EXPERIMENTAL DETAILS 

A. Material Selection 

Aluminum alloy 6061 and aluminum alloy 6063-T6  are used 

as base material .The selected dimension of base material is 

150mm*75mm*6mm .In order to obtain a strong bonded joint 

the properties of the base material and the welding must 

comply with each other.  Using the friction stir welding, weld 

two different aluminum alloy and analyze weld strength and 

tool rotation speed.  

1) Aluminium Alloy 6061: 

Chemical Composition of 6061:-Aluminum alloy 6061 is one 

of the most extensively used of the 6000 series aluminum 

alloys. It is a versatile heat treatable extruded alloy with 

medium to high strength capabilities. The alloy composition 

of 6061 is: 

S.No Si Fe Cu Mn 
M

g 
Cr Zn Ti 

Minimu

m (%) 

0.

4 
0 

0.1

5 
0 

0.

8 
0.4 0 0 

Maximu

m (%) 

0.

8 

0.

7 
0.4 

0.1

5 

1.

2 

0.3

5 

0.2

5 

0.1

5 

 
Fig. 4.1: Aluminum alloy 6061 plate 

2) Alluminium Alloy 6063-T6 

Chemical Composition of 6063-T6:T6 temperature 6063 has 

an ultimate tensile strength of at least 190 MPa (28,000 psi) 

and yield strength of at least 160 MPa (23,000 psi). In 

thickness of 3.15 mm (0.124 in) or less, it has elongation of 

8% or more; in thicker sections, it has elongation of 12%. 

 
Fig. 4.2: Aluminium alloy 6063-T6 plate 
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S.No Si Fe Cu Mn Mg Cr Zn Ti 

Minimu

m (%) 

0.

2 
0 0 0 

0.4

5 
0 0 0 

Maximu

m (%) 

0.

7 

0.3

5 

0.1

0 

0.1

0 
0.9 

0.1

0 

0.1

0 

0.1

0 

V. PROCESS OF EXPERIMENT 
 

A. Experiment 

The friction stir welded joints of dissimilar aluminium6061 

and aluminium6063-t6 were fabricated using a FSW 

machine. The chemical compositions and the mechanical of 

the metals are given in Table. The process parameters 

selected for the present investigation are given in Table 

3.Selection of the materials is first step of the friction stir 

welding process, cutting the alloy through wire EDM or 

grinding wheel .After cutting the material, weld the work 

piece through the friction stir welding process. When the 

material is in process of welding than write down the speed 

of welding and welding tool speed. Than after study the 

mechanical properties of work piece .When all work piece are 

welded than study on different parameters of Tensile strength 

and stress-strain graph. 

 

S.

N. 

Rotati

on       

Speed         

(RPM

) 

 

Samp

le 

 

Feed 

(mm/mi

n.) 

 

Shoul

der 

dia 

(mm) 

Pin 

dia 

(m

m) 

Tool 

plungi

ng 

force(

N) 

1 600 

S1 20 15 6 6300 

S2 40 15 6 6300 

S3 60 15 6 6300 

2 800 

S4 20 15 6 6300 

S5 40 15 6 6300 

S6 60 15 6 6300 

3 1200 

S7 20 15 6 6300 

S8 40 15 6 6300 

S9 60 15 6 6300 

Table 5.1: in put process parameters for welding: 

B. Steps: 

 Step 1.Material Selection 

 Step 2.Material plate cutting 

 Step 3.Welding Procedure 

 Step 4.Tensile testing 

VI. FRICTION STIRE WELDING TOOL 

Friction stir welding (FSW) is a solid-state process, which 

means that without melting of base metals the objects are 

joined in process of friction stir welding. Approximately in 

maximum new areas are used this new welding technology. 

In Friction stir welding process, a cylindrical shouldered tool 

with a profiled pin is placed between the two clamped work 

pieces and then the tool is rotate on required rotational speed. 

Resistance the joint faces the parts have to be securely 

clamped from being forced apart. Wear  resistant of welding 

tool and the work pieces reason of the frictional heat is 

generated  is the latter to soften without reaching melting 

point, the tool allowing to traverse along the weld line. On 

the trailing edge of the tool pin, the plasticized material, 

transferred is forged through intimate contact with the tool 

shoulder and pin profile. 

 
Fig. 6.1: Friction Stir Welding Tool 

A. Function of Tool  

In friction stir welding tool consists of a pin with thread, or 

probe, and a shoulder. Contact of the pin with the work piece 

creates frictional and deformational heating and softens the 

work piece material; contacting the shoulder to the work 

piece increases the work piece heating, expands the zone of 

softened material, and constrains the deformed material. 

Figure 6.2 shows the most important tool parts.  

 
Fig. 6.2 

VII. METHODOLOGY 
 

A. Taguchi Method:  

Taguchi method are developed by the Dr. Taguchi 

.Dr.taguchi and Telegraph Company, Japan has developed  

taguchi  method solution array a method based on 

“orthogonal array” experiments which gives much reduced 

“variance” for the experiment with " optimum settings " of 

control parameters. By the Taguchi Method give the best 

result by the help of all given parameters and also calculate 

confirmation result through the taguchi method this method 

are control and optimize the parameter and all experiment are 

done by this method. “Grey Relational Analysis" (GRA) 

provide a set of well balanced (minimum) experiments and 

Dr. Taguchi's Signal-to-Noise ratios (S/N), are given the log 

functions of desired output, serve as objective functions for 

optimization, it’s very helpful to analyze the data and 

prediction of optimum results.{11} 
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VIII. EXPERIMENTAL PROCEDURE 

A. Welding of Specimens 

The FSW welding of well-prepared specimens is done and 

the parameter of welding of each specimen is taken according 

to Taguchi L9 orthogonal arrays. 

IX. FSW EXPERIMENTAL SETUP 
 

Setup are the friction stir welding setup  Extensive FSW 

experiments work piece are clamp between the jack of milling 

machine  and measure all the required position of the tool and 

work piece were carried out to optimum the process 

parameter which give the good quality of welded joint by 

using the above designed tool geometry. Some experimental 

observation is shown in Table. Some sample of the FSW weld 

sample are shows and obtained by using above parameter is 

shown in Fig. 

 
Fig. 9.1: FSW Experimental Setup 

X. DEFECT OF FRICTION STIR WELDED MATERIAL 

A. The Most Common Defects in FSW: 

An inappropriate rate of heating can result in the formation of 

FSW, FSW defects are effect on the strength of the material, 

reasons of defects are not properly design the tool, and 

increasing and decreasing of tool and welding speeds, it’s all 

reason to generate the defects, there are various types our 

defect such as lack of penetration, lack of fusion, tunnels, 

surface grooves, excessive flash, and surface galling. These 

defects are sometimes divided into volumetric flaws and weld 

line flaws. 

(1) The lack of penetration defect, (2) The wormhole or 

tunnel defect, and (3) The crown side overheating defect. 

XI. TENSILE TEST 

The FSW welds cut according to the ASTM specifications for 

tensile testing are shown in table. UTM machine are used to 

find out the tensile testing data and graph and various tensile 

stress-strain graph has been obtained as shown in Fig. {10} 

 
Fig. 11.1: Tensile Specimen 

XII. S/N RATIO ANALYSIS 
 

In the Taguchi Method the term of S/N ratio is initial process 

of taguchi method where the ‘S=signal’ represents the 

desirable value (mean) for the output characteristic and the 

term ‘N=noise’ represents the undesirable value (standard 

Deviation) for the output characteristic. Therefore, the S/N 

ratio to the mean to the S. D. S/N ratio used to measure the 

quality characteristic deviating from the desired value. The 

S/N ratio S is defined as: 

S/N = -10 log (M.S.D.) 

Where, M.S.D. is the mean square deviation for the 

output characteristic. {10} 

There are 3 Signal-to-Noise ratios of common 

interest for optimization of Static Problems; 

XIII. EXPERIMENTAL RESULT AFTER USING TAGUCHI 

METHOD 

S.No 

 

Tool 

Rotational 

Speed 

(RPM) 

Feed 

(mm/min.) 

Ultimate 

Strength 

(MPa) 

SNRA1 

1 600 20 40 32.0412 

2 600 40 43 32.6694 

3 600 60 41 32.2557 

4 800 20 95 39.5545 

5 800 40 97 39.7354 

6 800 60 96 39.6454 

7 1200 20 61 35.7066 

8 1200 40 97 39.7354 

9 1200 60 64 36.1236 

Table 13.1: 

A. Taguchi Analysis: Ultimate Strength (MPa) versus Tool 

Rotational Speed (RPM), Feed (mm/min) 
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XIV. GREY RELATIONAL ANALYSIS 

A. Introduction 

The Grey theory provides a solution of a system for a model 

which has unsure and incomplete information. It is designed 

by Professor Deng. Generally it is denoted by GRA. It is used 

to quantify all the performances of factors and the 

relationship among data collection of measurements. It is 

based on the grey relational model which is used to measure 

the trend relationship between two systems or two elements 

of a system, and this relationship can change with time. The 

influence measurement is referred to as relational grade. For 

a given system, if the developing trend between two elements 

of the system tends towards concordance, the relational grade 

is considered to be large; otherwise, it is regarded as small. 

Therefore, the GRA is founded upon measuring the similarity 

of emerging trends among factors or data series.   

Main Process steps for multi response optimization: 
 

1) Normalization of experimental results for all 

performance characteristics. 

2) Calculation of grey relational coefficient (GRC). 

3) 3. Calculation of grey relational grade (GRG) using      

weighing factor for performance    characteristics. 

4) Analysis of experimental results using GRG. 

5) Selection of optimal levels of process parameters 

 Conducting confirmation experiment to verify       optimal 

process parameter settings.  

EXP. NO 
Grey relation coefficients  

Grade 

 

Rank Ultimate strength 

1 0.333 0.333 9 

2 0.345 0.345 7 

3 0.337 0.337 8 

4 0.934 0.934 3 

5 1 1 1 

6 0.966 0.966 2 

7 0.441 0.441 6 

8 0.487 0.487 4 

9 0.463 0.463 5 

Table 14.1: Grey Relational Coefficients and Grades 

B. Confirmation Experimental Test Results: 

Responses 

 

Initial 

process 

parame

ter 

Optimal 

process 

paramet

ers 

predicti

on 

Improvem

ent in S/N 

ratio 

 

%Err

or 

 

Flux 

Composition 
A1B1 A2B2   

UltimateStre

ngth (Mpa) 
43 97   

Grade 0.285 0.996 0.711 20.95 

The improvement in S/N ratio is 6.9 dB from the initial 

welding parameters to the optimal welding parameter and 

Ultimate Strength is increased by 2.25 times. Therefore the 

Tensile Strength is significantly improved by using the 

Taguchi Method. 

From Equation X=X
m

+∑ (𝑿. . −
𝒏

𝒊=𝟏
X

m
) Find out 

Improvement in weld strength 

Where X
m
, is the total mean of Ultimate strength 

XV. GRAPH OBSERVATION 
   

A. Discuss on Graph Observation 
 

The graph plotted during tensile testing of sample S5 shows 

better yielding strength and ultimate tensile strength is 46 

MPa and 97 MPa respectively . At 800 rpm rotational speed 

and constant feed rate 40 mm/min.But sample S2 and S8 

shows undesirable strength i:e the less strength than S5 . All 

value of  yield strength and ultimate strength  of  sample S2 , 

S5 and S8  are plotted on graph respectively .6063-T6 is 

an aluminum alloy with magnesium and silicon as the 

alloying elements. Maintained and control the standard and 

composition of the AA 6063-T6. It has generally good 

mechanical properties and is heat treatable and weldabl.It has 

very good strength there ultimate strength is 190 MPa and 

yield strength is 130 MPa which are shown in graph. My base 

material are Al-6063 T6 and Al-6061 . Before tensile testing 

formed I-section of the base material and welded materials  

its yield strength of Al-6063 T6 and Al- 6061 is 130 MPa and 

197 MPa respectively and ultimate tensile strength of Al-

6063 and Al-6061 is 190 MPa and 290 MPa respectively.  

B. Graphs 

 
Graph Tensile testing report of aluminum alloy 6061 
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Graph Tensile testing report of aluminums alloy 6063-t6 

 
Graph Tensile testing report Sampel S8 

 
Graph Tensile testing report Sample S2 

 
Graph Tensile testing report Sample S5 

XVI. TENSILE, TEST OBSERVATION 

 

Improvement in S/N ratio is 6.9 dB from the initial welding 

parameters to the optimal welding parameter and Ultimate 

Strength is increased by 2.25 times. Therefore the Tensile 

Strength is significantly improved by using the Taguchi 

Method. 

The Tensile test is conducted on the aluminum alloy 

friction stir welding in a Universal Testing Machine as per 

ASTM standards to determine the breaking load and yield 

strength of the weld element. The obtained results are 

observed and analyzed by plotting graphs for the tensile 

strength. The ultimate and yield strength of all the FSW 

welded sample  were lower than that of the base material 

welded sample  irrespective of the rotational speeds used to 

fabricate the joints. At rotational speed of 800 rpm and feed 

rate 40 mm/min. is maximum breaking load and maximum 

tensile strength were observed. The effect of tool rotational 

speed on tensile strength and breaking load are shown in 

Table. At lower rotational speed (600 rpm) of the tool, lower 

tensile strength and breaking load were observed. When the 

rotational speed is increased from 600 rpm onwards the 

tensile strength and breaking load are also increased and 

reach to a maximum value at 1200 rpm. If the rotational speed 

is increased more than 1200 rpm, a reverse trend has been 

observed i.e. the tensile strength and breaking load has 

decreased.  

XVII. CONCLUSION 

In this study, the Taguchi method was used to obtain optimum 

conditions for friction Stir Welding (FSW) of AA6063-T6 

and AA6061. Experimental results were evaluated using 

GRA tool. The influence of tool rotation speed, welding 

speed on joint quality in aluminum alloy was established. The 

specimens were subjected to friction stir welding with the 

rotation rates of 600, 800 and 1200r/min and welding speed 

between 20, 40, and 60. 

In this project, a Taguchi orthogonal array, the signal-to-noise 

(S/N) ratio and Grey relational analysis (GRA) were used for 

the optimization of friction stir welding parameters .The 

following conclusions can be drawn based on the 

experimental results of this project work: 

1) It was found that tensile strength increased with 

increasing in speed from 600rpm to 800 rpm, but further 

increase in the speed from 800rpm to 1200rpm, the 

tensile strength of the joint decreased. It was also found 

that increase in traverse speed from 20mm/min to 

40mm/min, increased the tensile strength. 

2) Heat input for obtaining defect free joint reduces with the 

increase of welding speed but not more than 1200rpm 

and less than 600 rpm or decrease of rotation speed. 

3) The rotational speed is found to be the important 

influential process parameter with 89.25% contribution 

followed by tool and welding speed (4.87%) 

respectively. A maximum tensile strength of 97 MPa was 

exhibited by the FSW joint fabricated with optimized 

parameter of 800 rpm rotational speed and 40 mm/min 

welding speed. Tool rotation speed was the major factor 

contributing to tensile strength. 

4) There is an optimized welding force for given rotation 

and welding speed. If the welding force is lower gives 
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poor weld quality with various welding defects and 

higher welding force produce Wavy burrs. 

5) Present investigation suggests that the complex 

optimization of multi-response problems can be easily 

simplified through Taguchi-based relational analysis. 

6) From the GRA, it is concluded that the tool rotation 

speed is the main input parameter that has the highest 

statistical influence on mechanical properties like, tensile 

strength, yield strength. 

7) For the given set of parameters, the optimum parameters 

were found to be tool rotation speed as 97 rpm, welding 

speed as 40 mm/min.                                                               

XVIII. FUTURE SCOPE OF WORK 

It would be useful to extend the present work on FSW in the 

following areas: 

1) The research could be taken further by applying the same 

technique to other Aluminum alloys such as 5XXX and 

7XXX which are the alloys used in the automotive 

industry. Its help the increase weld quality and decrease 

the time taken of the friction stir welding in the 

automotive industry. 

2) Higher thickness aluminum plates can be welded by 

employing double sided FSW. One can try to use tools 

made of different materials to improve the quality of the 

joints. 

3) Welding of materials like Copper, Titanium, and   

magnesium by using friction stir welding is another area 

of interest. 

4) Effect of other process parameters like tilt angle, tool 

material etc. may be studied. 

5) It is suggested that the taper screw thread pin profiled 

tool with plate to plate, pipe to pipe. And shell joints with 

either longitudinal or circumferential type could 

effectively be used in industrial applications for 6082-T6 

aluminum alloy.  

6) Thermocouple may be used to measure the temperature 

at different zones- HAZ and base Metal.  

7) The thin sheet FSW can be extended to thinner sections 

to develop micros. 
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