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Abstract: 

Generally for jo ining process of soft materials such as Aluminium alloys, friction stir weld ing is preferred since it avoids many of the 

defects that occur in fusion welding. Also in recent days welding of dissimila r aluminium alloys has became common and it has wide 

application in aerospace industry, marine, space .robotics etc. However welding of dissimilar metals is not at all possible with  fusion 

weld ing because of large difference in chemical and physical properties. FSW provides solution to this problem. By FSW any 

dissimilar materials say aluminum and magnesium, aluminum and copper, different types of aluminum shall be welded. In this paper 

the effect of various parameters on macro properties of weldment of Al 6063 and Al 7075carried out by FSW. 

 

 

I. Introduction: 

Friction stir weld ing (FSW) is a solid state joining technique 

which was invented at the welding institute (TWI), UK,in 

1991, FSW has been found to be effective for the jo ining hard 

to weld metals and for joining plates of different thickness or 

different materials. Frict ion stir weld ing (FSW) is an innovative 

weld ing process commonly known as a solid state welding 

process. This opens up whole new areas in welding technology 

techniques. Its main characteristic is to join material without 

reaching the fusion temperature. It enables to weld almost all 

types of aluminum alloys, even the one classified as non-

weldable by fusion welding due to hot cracking and poor 

solidification microstructure in the fusion zone. The FSW 

technique often provides fine dynamically recrystallized grains 

in weld zone and good mechanical properties. Furthermore, it 

was shown that FSW can be potentially used to join dissimilar 

materials because it can eliminate the problems caused by 

fusion welding methods, such as the different properties of 

materials, formation of brittle inter metallic and low melting 

point eutectics.   During FSW, heat is generated by rubbing a 

non-consumable tool on the substrate intended for joining and 

by the deformat ion produced by passing a tool through the 

material being joined. The rotating tool creates volumetric 

heating, so as the tool is progressed, a continuous joint is 

created.  As a result, frict ion stir welds are not susceptible to 

solidification related defects that may hinder other fusion 

weld ing processes.  

 

II. Base materials:  In this paper  dissimilar metals namely 

AA6061 is welded with AA 7075 using friction stir     welding. 

The chemical composition of AA 6061 and AA7075 is as 

follows:  

 

     Table -1: Composition of 6061 

 
   

 

Table-2: Composition of 7075 

 

In the current investigation, two aluminum alloys widely used 

in welding fabrication were studied, namely, the AA 6061 

(non-heat treatable) aluminium alloy, supplied in plates of 4 

and 6 mm thickness, and the AA 7075  (heat treatable) 

alumin ium alloy, supplied in plates of 4 and 6 mm th ickness. 

These base materials have markedly different mechanical 

behaviors.  For each base material, the mechanical properties 

are consistent.  AA 6061 alloy, with 148 MPa yield strength, is 

much softer than the AA 7075 alloy, with 290 MPa yield 

strength. However, despite being softer, the AA 6061 exhib it 

the property of hardening with plastic deformation, attaining 

tensile  strength values close to that of the AA 6082-T6 alloy.  

 

II. Process Parameter of FSW :  

While the general principles of the effect of process variables 

on the friction stir welding process have much in common with 

other welding processes, there are many factors which can 

affect output response. The main process variables in friction 

stir welding are listed as follows: 

 Tool rotational speed  

 Welding speed  

 Shoulder diameter 

 Pin d iameter and profile  

 Axial fo rce  

 Tilt angle  

 Work piece material 

 Shoulder and pin material 

All these variables may affect the characteristics of the weld 

joint significantly. Tool rotation speed is the rotation speed of 

friction stir welding tool and can be directly related to the 

frictional heat generation. Weld ing speed is preferred to 

transverse speed, which is the rate of travel of tool along the 

joint line. Tool revolving speed and welding speed choose 

whether enough heat input is being supplied to weld so as to 

comp Si Fe Cu  Mn Mg Cr Zn Ti Al 
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favorably affect the weld characteristics. Forces are important 

parameters parts of friction stir weld ing technology. The defect 

free weld is decided by the use of proper tool design. Tool 

consists of three parts, these are shoulder diameter, pin and 

shank. Pin having small diameter and plunged into the work 

piece materials completely. The pin is accountable for suitable 

stirring of the material and transportation of plasticized 

material from the leading edge of the tool to trailing edge of the 

tool.  

Main process parameters in friction stir welding  

parameter Effect  

Rotational speed Frictional heat 

Tilting angle  Appearance of weld 

weld ing speed appearance, heat control 

Downward 

speed Heat control,contact clearance 

Table-3:Process parameters 

 

IV. Experimental procedure: 

Friction stir welds were performed in 4 and 6 mm thick sheets 

of the AA 6061 and 4 and 6 mm thick sheets of the AA 7075 

under a large range of welding conditions, using a conical 

shoulder tool with a cylindrical threaded pin. The rotation 

speed w  , the tilt angle  were varied  as shown in Table 4 .  

 

Specimen  Thickness 
Shoulder 

dia. 

Pin 

dia. 

Tilt 

angle 

Rotational 

speed 

F1 4mm 10 4 2 
o
 700 

F2 6mm 10 4 2
o
 900 

F3 4mm 10 4 6
o
 700 

F4 6mm 10 4 6
o
 900 

 Table-4:Process parameters 

 

The weld ing is carried out for three different rotational speed of 

the tool. The vertical force is kept constant. The tilt angle is 

varied and altogether four test specimen is carried out for 

various combination of rotational speed and tilt angle. The 

plates are strongly held to the table by means of a jig. First the 

4mm thickness plate is welded under two different speeds and 

under two different titling angles say 2
0
  and 6

0 
are selected for 

study. . The rotational speed of 700rpm and 900 rpm is selected 

for study. 

 

V. Testing procedure: 

 

 
 Fig.-2:tensile test specimen 

After welding, all the sheets were visually inspected for any 

defect. After visual examination the 6mm plates which are 

friction welded under two different parameters are subjected to 

tensile test and hardness test. The tensile test specimen is 

prepared as per the standard and tested. The readings are noted. 

Similarly the 4mm thickness plates which are friction welded 

under two different combination rotational speeds ad tilt angle 

is tested for hardness test . Rockwell hardness test is conducted 

and a comparative study of tensile tests, impact test and 

hardness test is carried out. 

Specime

n 

Thick

ness 

Tensile 

strength(M

PA) 

 Impact  

strength(

KJ) 

Hardne

ss 

F1 4 390 102 67 

F2 6 420 124 65 

F3 4 376 108 66 

F4 6 405 112 64 

          Table-5:Test results 

 

VI. Result and analysis: 

Tensile test of 6mm and 4mm specimen friction welded under 

different rotational speed and tilt angles reveals that the higher 

the thickness higher will be the tensile strength. Visual 

inspection reveals that the weld bead quality of 4mm with 

higher rotational speed produces a high quality weld bead . 

However the tensile strength is high for the 6mm th ick plate 

with high rotational speed . It may be also concluded that the 

tilt angle p lays a minor role in the macro properties of the 

weld ing. But with greater tilt angle the work piece may be 

welded with  high speed as compared to the low tilt angle. Also 

the tool stability is more in the case of less tilt angle. With 

regard to hardness there is no significant change in the hardness 

of the various specimen. It is uniform under various welding 

parameters. 
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