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Abstract— Frictional Stir Welding (FSW) is a technique 

employed to fuse two or more metal pieces in order to 

improve its properties. Depending on the tool rotational 

speed, Travel speed, tilt angle the properties of the jointed 

metals varies such as yield strength, tensile strength, fracture 

of position. This review paper provides an overview about the 

comparison of ultimate tensile strength (UTS) along with the 

tool rotational speed(A),travel speed(B) and the tit angle(C) 

applied in the Aluminium and its alloys AA7075 and 

AA6082.From that we get the optimized parameter by using 

Response Surface Method(RSM).Due to this and check the 

SEM analysis whether the fracture position is ductile or brittle 

mode and also evaluate the microstructure and 

macrostructure by using keller’s reagent.      
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I. INTRODUCTION 

The FSW process operates below the solidus temperature of 

the metals being joined and the use of filler material is not 

required. During the FSW process, a non-consumable 

rotating tool with a pin and shoulder that provide ‘stir’ action 

is inserted into the abutting edges of the plates to be joined 

and will move along the join line. The rotating tool moves 

along the weld line and creates frictional heating of the 

material, causing it to plasticize where it cools and 

consolidates to produce a high integrity weld. the automotive 

industry demands vehicles with greater performance, energy 

savings and environmental preservation at lower cost. Since 

reducing the weight is an efficient measure, the combination 

of dissimilar grades of aluminum alloy has increased in 

fabricating vehicles 

AA6082 alloys are high strength, have high 

corrosion resistance and are lightweight aluminum with high 

ductility and toughness  [4]. Meanwhile, AA7075 exhibits 

super high strength that has been used extensively in aircraft 

components and other highly stressed applications. Both 

materials of the AA6082 and AA7075 series are extensively 

employed in marine fittings, automobiles and aircraft 

applications. 

Here the  design of experiments Response  Surface 

Methos(Box  Behnken) with 15 number of experiments and 

to get the results with good accuracy. It was made for 3 levels 

and 3 factors. The factors selected are rotational speed, travel 

speed and tilt angle. The specimens were then prepared by 

using FSW welding. Further which need to take the tensile 

test to do the optimization using Box Behnken method and 

get the optimized sample. From that sample we do the 

SEM(Scanning Electron Microscope), microstructre and 

macrostructure. 

II. EXPERIMENTAL DETAILS MATERIAL AND SAMPLE 

PREPARATION 

From the given aluminum plate material was cut into the 

required dimension of 100X 50X 6mm to get the required 

optimized sample. As per the standards the chemical 

composition of AA7075 and AA6082 were given in Table 1 

and Table 2. 

Zn% Fe% Cu% Mn% Mg% Cr% Si% Ti% Al% 

5.1-6.1 0.5 1.2-2 0.3max 2.1-2.9 0.18-0.28 0.4 max 0.2 max Bal. 

Table 1: Chemical composition of AA2014 in weight % 

Si% Fe% Cu% Mn% Mg% Zn% Ti% Cr% Al% 

1.160 0.169 0.035 0.540 0.831 0.002 0.017 0.005 Bal. 

Table 2: Chemical composition of AA6082 in weight % 

The Samples are welded by using HSS(High Speed 

Steel) then only we get required optimized sample from 15 

samples. 

FACTORS 
LEVEL 

1 

LEVEL 

2 

LEVEL 

3 

Rotational Speed 

(rpm) 
600 900 1200 

Travel Speed (mm/min) 60 90 120 

Tilt Angle 

(o) 
1 2 3 

Table 3: Process Parameters 

The levels are observed in experiments are shown in 

Table.3. It was chosen such a way that AA7075 in advancing 

side and AA6082 in retreating side so as to get required  good 

mechanical and welment properties. 

A. Design of Experiment 

It provides estimation of parameter of quadratic model, 

building of sequential design, detection of lack of fit of 

model, use of blocks, a comparison between box and other 

RSM design. It is a powerful statiscal technique for 

improving product, process design, solving process and 

production problems the design of experiment is shown in 

Table.4 
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Table 4: Design of Experiment 

B. Welded Samples 

 
Fig. 1: Weld samples 

III. RESULTS AND DISCUSSION 

A. Ultimate Tensile Strength 

Then tensile testing has been done on UTM machine as per 

the standard ASTM E8/E8M-09 and calculates the ultimate 

tensile strength, percentage of elongation, gauge width, gauge 

thickness, yield strength, and also fracture location for all 

specimens. 

 
Table 5: Tensile test results of dissimilar friction stir welded 

samples. 

1) Tilt Angle 

The effect of tilt angle on the Tensile strength values are 

shown in fig.1 for response surface method(Box Behnken 

method). So the optimum tilt angle is 20. 

2) Rotational Speed 

The effect of rotational speed on the tensile strength values 

are shown in fig.1 for response surface method(Box Behnken 

method). So the optimum rotational speed is 900 rpm 

3) Welding Speed 

The effect of welding speed on the tensile strength values are 

shown in fig.1 for response surface method(Box Behnken 

method). So the optimum welding speed is 90 mm/min 

B. Discussion 

By using response surface method(Box Behnken method) we 

get optimized sample . The ultimate tensile strength was 

considered as the quality and It is a powerful statiscal 

technique for improving product, process design, solving 

process and production problems with the help of software 

Minitab 15. 

 
Fig. 2: Optimized parameters 

Finally we got the optimum value of parameters of 

welding process for maximum tensile strength which is given 

in the Table 6 

Tilt 

Angle 

(°) 

Rotational 

speed (rpm) 

Travel Speed 

(mm/min) 

Ultimate 

tensile 

strength 

(Mpa) 

2 900 90 217 

Table 6: Optimum Value of Parameter According to RSM 

method 

C. Fracture Surface Analysis 

The following fig 3 and fig 4 are the welded sample obtained 

from Fracture Surface analysis of the optimized parameter 

such as Tool Rotational Speed of 900rpm, Travel Speed of 

90mm/min and Tilt angle of 20. The fracture surface was 

examined in Scanning electron microscope at 500X, 1000X 

magnification, it was found that the  ductile mode of fracture 
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Fig. 3: SEM images 

D. Microstructure of Optimized Sample 

 
                  AA6082                                   TMAZ 

 
                                      STIR ZONE 

  
                      HAZ                                  AA7075 

Fig. 4: Micro images 

E. Macrostructure of  Optimized Sample 

 
Fig. 5: Macro image 

AA707

5 

HA

Z 

TMA

Z 

STIR 

ZON

E 

TMA

Z 

HA

Z 

AA608

2 

88.18 49.5 42.7 45.8 44.9 36.8 40.64 

Table 7: Hardness Survey or Optimized Sample 

 
Fig. 6: Hardness survey 

IV. CONCLUSIONS 

The study showed that dissimilar joints of Aluminium alloy 

AA7075 and AA 6082 welded successfully by Friction Stir 

Welding Process to yield the required properties such as 

mechanical properties and weldment properties. The 

following conclusion are: 

 The higher tensile strength of 217MPa and it was found  

that medium rotational speed, lower welding speed, tilt 

angle.It give more tensile strength for the higer and 

lower. 

 The optimum parameters such as rotational speed of 900 

rpm, welding speed of 90 mm/min and tilt angle 2 

degrees. 

 Rseponse surface method(Box Behnken) results show 

effective, accuracy and maximize the production of 

optimized parameter.  

 SEM analysis shown that the fracture was ductile mode 

of fracture. 

 Micro hardness of weld zone was lower than AA7075 

and higher than AA6082 
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