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Abstract-Friction Stir Welding is a well-known solid state joining technology. Many processing conditions and materials 
properties affect the micro structural evolution and mechanical behaviour of the produced joints. Light weight high strength 
aluminium alloys cannot be fusion welded with ease due to its high thermal conductivity and low melting temperatures. So, solid 
state welding will hold good for aluminium alloys. Friction stir welding being a solid state welding holds good for these 
conditions. In this project friction stir welding of Al6061 was done under varying process parameters. The mechanical 
characterization of friction stir welds of aluminium alloy 6061 was carried out. The main parameters involved in the welding 
process have been studied and the results presented in this project. Tensile tests were also carried out, and the tensile strength of 
the welded product was compared to that of the base metal. In addition Vickers Hardness test, X-Ray Radiography, Die 
Penetrant test, ultrasonic test and SEM analysis were done and results were analysed to find the suitability of friction stir 
welding of Aluminium alloy Al6061. 
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I. INTRODUCTION 
 

Friction stir welding (FSW), a solid-state joining process developed and patented by the The Welding Institute (TWI), emerged 
as a welding technique to be used in high strength alloys that were difficult to join with conventional techniques. The process was 
developed initially for aluminium alloys, but since then FSW was found suitable for joining a large number of materials [1]. 

Conventional fusion welding of aluminium alloys often produces a weld which suffers from defects, such as porosity 
developed as a consequence of entrapped gas not being able to escape from the weld pool during solidification. In contrast, with FSW 
the interaction of a non-consumable tool rotating and traversing along the joint line creates a welded joint through visco-plastic 
deformation and consequent heat dissipation resulting in temperatures below the melting temperature of the materials being joined.       
Other interesting benefits of FSW compared to fusion processes are low distortion, excellent mechanical properties in the weld zone, 
execution without a shielding gas, and suitability to weld all aluminium alloys [2]. Further to joints of similar alloys, FSW is being 
studied for welding dissimilar alloys which can be of particular interest in some industrial applications. Some works can be found in the 
literature, but data is still scarce on the characterisation of this joint type. In this work the ability to join dissimilar alloys by FSW was 
studied using butt welded plates [3-5]. 

 

II. EXPERIMENT 
 
 

In this research Aluminum alloy Al6061 was welded with the help of friction stir welding; it comes under the 
category of solid state welding method. The dimensions of the welding plate are given below. 

 Plate 1- Length=150mm; Width=75mm; Thickness=6mm. 
 Plate 2- Length=150mm; Width=75mm; Thickness=6mm. 
 

                
 
 
Fig.1 Welding plate dimensions                                                 Fig.2   Microstructure   of   Al6061  base   metal 
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The tool used for friction stir welding of Aluminium 6061 is D2 Hardened Steel. D2 Hardened Steel is a versatile High- Carbon, High-

Chromium, Air-Hardened tool that is characterized by a relatively high attainable hardness and numerous chromium rich alloy carbides 

that provide good resistance to wear from sliding contact with other metals and abrasive materials. 

The following are the various specifications of the tool used. 
 Total length of the tool      - 165.7 mm 
 Length of the shoulder      - 160 mm 

 Length of the pin                - 5.7 mm 
 Diameter of the shoulder  - 16 mm 
 Tool tip – Tapered Cylindrical 

 
 

 Table I. Welding Parameters                                                                                                             
 

                                                                                                           
 
       

                                    
Fig.3 Friction Stir Welding D2 hardened Tool                                                         

 
 
   

 
 

Table II.          Chemical Composition                 Table III .        Mechanical Properties 
 

 
 

    Feed (mm/min)  Depth of weld (mm) Spindle speed (RPM) 

8 5.7 600 

10 5.7 400 

Properties Values 

Ultimate Tensile 
strength 

150MPa 

Yield strength 83MPa 

Vickers hardness 107 HV 

Poisson’s ratio 0.33 

Fatigue strength 96.5 Mpa 

Machinability 50% 

Shear modulus 26 Mpa 

  

  Chemical   Element       Weight Percent(%) 

Aluminium 95.8-98.6 

Chromium 0.04-0.35 

Copper 0.15-0.4 

Iron Max 0.7 

Magnesium 0.8-1.2 

Manganese Max 0.15 

Silicon 0.4-0.8 

Titanium Max 0.15 

Zinc Max 0.25 

Other each Max 0.05 

Other total Max 0.15 
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                                                      III.     Results and Discussion 
 
A.Tensile Test 

     
      A tensile test applies tensile force to a material and measures the specimen's response to the stress. The tensile 
test was performed on the friction stir welded plate. Initially, the plate was cut to a dimension of 50 x 15 mm 
using a vertical milling machine and was taken as specimen for the test. The test was performed using a Universal 
Testing Machine. The properties that was tested during this test were Ultimate tensile Strength, Yield strength, 
percentage of elongation and fracture location [6]. 

         

 
 

Table  IV.     Tensile Test Results                                                              Fig.4 Photos revealing tensile test results 
                                                                                                           
The test result was found to be quite satisfactory with the ultimate tensile strength of 124 MPa, yield strength of 69MPa, elongation of 

2.5 percent. The fracture occurred at the welded area during the test which is not satisfactory as the crack should have happened other 

than the welded area. This was caused due to some flaws in the welding procedure which was later identified [7].                                                                                           

B.  Vickers hardness test 
         The basic principle, as with all common measures of hardness, is to observe a material's ability to resist plastic deformation from a 
standard source. The Vickers test can be used for all metals and has one of the widest scales among hardness tests. The unit of hardness 
given by the test is known as the Vickers Pyramid Number (HV) or Diamond Pyramid Hardness (DPH) [8]. 
 
Fig.5 Photos revealing Hardness test results                                                                       Table V. Hardness Test Results 
 

 
 
                                                                            
 

     Test Parameters        Observed Values 

UltimateTensile Strength (Mpa) 124 

Yield Strength (Mpa) 69 

Elongation (%) 2.5 

S.No                    Location     Observed Values 

 1 Base 83.6 

 2 Base  78.8 

   3 Base 86.7 

4 HAZ 88.3 

 5 HAZ 90.0 

6 HAZ 89.4 

7 Weld 79.7 

8 Weld 82.9 

9 Weld 82.0 

10 HAZ 92.8 

11 HAZ 88.9 

12 HAZ 85.7 

13 Base 83.1 

14 Base 79.3 

15 Base 82.6 
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A piece near the welded joint of dimension 35 x 15 mm was cut using a vertical milling machine for carrying out the Vickers hardness 
test. The diamond indentation of square geometry can be seen on the specimen surface. The Hardness value from the test was found to 
be satisfactory [9]. 

 
C. Ultrasonic Test 

 
 Ultrasonic non-destructive testing, also known as ultrasonic NDT or simply UT, is a method of characterizing the 
thickness or internal structure of a test piece through the use of high frequency sound waves. The Ultrasonic test was performed 
using the USM GO ultrasonic flaw detector which has a digital display to show any flaws. The method employed was Pulse Echo 
Contact Method in which an ultrasonic wave of high frequency is passed through the specimen and if any internal cracks or any 
deformities is present, the wave returns back. The probe used in this testing had a dimension of 8 x 9mm and angle 70°. The frequency 
used was 4MHz. The test result suggested that no recordable indication was observed [10] 

 
S.NO Remarks Result 
1. No recordable indication observed Accepted 
 

Table VI.     Ultrasonic Test Results 
D. Scanning Electron Microscope Analysis 
 
       SEM analysis uses a focused beam of electrons to produce complex and high magnification images of a sample’s surface topography 
[11-13]. Once an area of interest has been identified on the sample and evaluated using SEM, our experts can dive deeper into the detail 
of the material using energy-dispersive x-ray spectroscopy, or EDX analysis. Doing visual analysis of a surface using SEM helps in the 
identification of unknown particles, the causes for failure and interactions between materials [14-16].                                                                                             

                          
 
                   Fig.6 WELD 1                                                                                  Fig.7 WELD2 

 

                                                                        IV. Conclusion 
 
 In this project work, friction stir welding of Aluminium alloy Al6061 was carried out and subjected to destructive 
and non-destructive tests like tensile test, Vickers hardness test, Dye penetrant test, X-Ray Radiography, Ultrasonic test to 
determine the mechanical strength of the weldment. Tensile test reveals that though the specimen failed at the weldment, 
the strength of the weldment is almost same as that of the base metal.From the hardness test report, it is evident that there is 
no much variation in the hardness values of weld metal and base metal. X-Ray Radiography test reveals that the weldment 
is free from defects like porosity and micro cracks. In addition, the specimen was successfully inspected under ultrasonic 
and Dye penetrant test. Moreover, Scanning Electron Microscope images proved that the weldments are defect free and has 
the same microstructure as that of the base metal.  
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