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ABSTRACT 
 

 A solid state welding process named Friction Stir Welding (FSW) in which the relative motion between the tool and the work piece 
where the material of two edges being joined by plastic atomic diffusion. This is a combination simple milling action and stirring process 
to form the weld without the application of heat from conventional source. The tool speed, the spindle load and welding feed rate are the 
principal variables that are controlled in order to provide the necessary combination of heat and pressure to form the weld. Dissimilar 
friction stir welding between AA7075 and AA8011 aluminum alloy plates with thicknesses of 6 mm was performed. The tool for welding 
was rotated at speeds ranging from 1200 to 1500 rpm under a constant traverse speed of 45 mm/min and spindle load For tool rotation 
speeds of 1200, 1300, and 1400 rpm, the obtained welds have no defects and the surface finish of the welds became rough as the tool 
rotation speed was increased(1500 rpm). In this project an attempt is made to determine and evaluate the influence of the process 
parameters of FSW on the weldments. The tensile strength and micro structure  is considered for investigation by varying tool speed, tool 
feed and constant depth of weld. Experiments were conducted between AA7075 and AA8011 dissimilar aluminium alloy in a CNC 
Vertical Machining Centre. 
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INTRODUCTION 
 
 A non-consumable cylindrical-shouldered 
constantly rotated tool with a profiled nib is 
transversely fed into a butt joint at a constant rate 
between two clamped pieces of butted material. The 
nib is slightly shorter than the weld depth required, 
with tool shoulder advancing at the top of the work 
surface. Frictional heat is generated between the 
work pieces and wear-resistant tool component. This 
heat generated by the mechanical mixing process and 
the heat produced by adiabatic process within the 
material, cause the blended materials to soften 
without melting. As the pin is moved forward, a 
circular profile on its leading face forces plasticized 
material to the rear where clamping force assists in 
the consolidation of forged weld. The procedure of 
the tool traversing along the weld line in a plasticized 
tubular shaft of metal results in severe deformation in 

the solid state of the base material involving dynamic 
re-crystallization.  
 Aluminium alloy is difficult to weld by 
conventional methods, due to high thermal 
conductivity, resulting in defects like porous nature, 
cracks etc. Hence FSW is being mostly used. 
Aluminium alloys are very difficult to weld by arc 
process, but is very simple to weld by FSW  
especially well suited to butt and lap joint in 
aluminium Recently, in many industrial fields, much 
attention has been focused on aluminum alloys 
because of various unique properties. 
  It is very common that friction stir welding 
(FSW) is an advanced technology for the welding of 
aluminum and all other alloys. Recently FSW 
between dissimilar materials has much attention. In 
this study, dissimilar FSW between AA7075 and 
AA8011 dissimilar aluminium alloy plates was 
performed. Then, the influences of the tool speed on 
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surface, tensile properties and micro structure of the 
friction stir welded plates were experimentally 
investigated. 
 
2. Experimental procedure: 
2.1 Material selection: 
 Aluminum Alloy AA7075: Zinc, in amounts of 1 
to 8% is the major alloying element in this aluminum 
alloys and when blended with a minimum percentage 
of magnesium (Mg) results in heat-treatable alloys of 
moderate to very high strength. Since it is a strong 
heat treatable alloys; they can be strengthened 
through heat treatment (precipitation hardening) 
based on the combination of zinc ( range between 4 – 
6 wt %) and magnesium (range 1–3 wt 
%).Unfortunately these alloys seem prone to stress 
corrosion. 
 Aluminum Alloy AA8011: This series is 
reserved for alloying elements other than the alloys 
used for series 2xxx to 7xxx. Iron and nickel are used 
to increase strength without significant loss in 
electrical conductivity. Al–Ni–Fe alloy 8001 is used 
in nuclear power generation for applications 
demanding resistance to aqueous corrosion at 
elevated temperatures and pressures. 
 Tool material: High-Carbon High-Chromium 
Tool Steel. 
 

 
 
2.2 Sample Preparation: 
 The required size (100 mm x 100 mm x 6 mm)  
were cut from rolled plates of 6mm in thickness by 
power hacksaw cutting and milling. The  weld 
surface of the base material was cleaned before the 
welding process. Plate edges to be weld were also 
prepared so that they are uniform in level and 

footing. This is to ensure that there is no uneven gap 
between the plates which may not lead to poor 
welding. 
 
2.3 Experiment: 
 For friction stir welding (FSW) of aluminum 
alloy a CNC milling machine was used. The machine 
was a maximum speed of 1450 rpm. Test piece was 
clamped in the special fixture tightly. During the 
FSW, AA7075 and AA8011 dissimilar aluminium 
alloy plates were placed on the retreating side (RS) 
and the advancing side (AS), respectively. In 
clockwise direction the tool was rotated at speeds 
ranging from 1000 to 1500 rpm, simultaneously the 
probe was inserted into the work piece. The rotating 
tool was traversed at a constant speed of 45 mm/min 
along the weld line perpendicular to the direction of 
the base metal plates. In the present work the 
influence of speed, feed on the performance of FSW 
is evaluated by tensile strength at different 
experimental conditions. 
 For tensile tests, the stir welded plates were cut 
90 degree to the tool traverse direction and then 
machined into the tensile test specimens with a 
parallel portion of 10 mm wide × 30 mm long × 6 
mm thick and a fillet radius of 6 mm. 
 
Results and discussion 
 
3.1. Appearances: 
 Fig. 1 shows the surface appearances of the 
FSW plates. Defect-free welds were successfully 
obtained for the (a) 1200, (b) 1300, and (c) 1400 rpm 
samples. In addition, the surface morphology of the 
stir zone (SZ) became smoother with an increase in 
the tool rotation speed. At (d) 1500 rpm, however, 
along the tool traverse direction near the center 
region of the SZ large defects presenting as cracks 
were formed. These results show that the tool 
rotation speeds plays a major role to obtain defect-
free welds for the dissimilar FSW between AA7075 
and AA8011. 
 

 

 
 
Fig. 1: Surface appearances of the plates friction stir welded with tool rotation speeds of (a) 1200 (b) 1300 (c) 
     1400 and (d) 1500 rpm respectively. 
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3.3. Tensile properties: 
 
Table shows the influences of the tool rotation speed on the tensile strength of the friction stir welded plates. 

Welded dissimilar alloys 

Specimen. No. 
Speed 
(rpm) 

Feed 
(mm/min) 

Tensile Strength 
(Mpa) 

1 1200 45 87 
2 1300 45 94 
3 1400 45 96 

Base materials 
7075 Aluminium Alloy 103-228 
8011 Aluminium Alloy 075-105 

 

 
 
4. Conclusions: 
 In this study, dissimilar FSW between AA7075 
and AA8011 alloy plates with thicknesses of 6 mm 
was performed. The following results were obtained 
1. For the tool speeds of 1200, 1300, and 1400 
rpm, defect-free welds were successfully obtained, 
suggesting that these are the optimum tool rotation 
speeds for the dissimilar FSW.  
2. Alignment of work piece welding edge and tool 
position is an important factor to be considered to 
obtain high tensile strength. 
3. Observed increased tensile strength with 
increase in speed of the tool. Maximum Tensile 
strength of 96 Mpa was observed at 1400 rpm. 
4. The fracture has occurred in AA8011 surface 
and not in the welding interface; therefore the 
welding bond between two alloys is strong. 
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