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Abstract— The joining of dissimilar Al alloys Al 6061-T6 

and Al 7075-T6 plates was carried out using friction stir 

welding (FSW) technique. The joining of two dissimilar Al 

alloys Al 6061-T6 and 7075-T6 is not possible by the fusion 

welding technique because of the crack formation on the 

surface. In this study experiment welding of these alloys is 

done by the FSW technique and results of tensile strength 

and surface roughness of the weld were satisfactory. The 

plunge depth (tool pin length), rotational speed of the tool 

and welding speed were the parameters taken into 

consideration. The ultimate tensile of the weld were output 

and response factors of this study. The effect of the rotational 

speed and welding speed on the tensile strength of the weld 

was found in this study experiment. The effect of plunge 

depth (tool pin length) on the tensile strength of the weld of 

Al 6061-T6 and Al 7075-T6 of 6 mm thick plates is 

determined. Taguchi S/N ratio method were used on the 

rotational speed and welding speed parameters for maximum 

tensile strength of the weld. The effect of base metal 

thickness on the tensile strength of the weld is also 

determined. The relation between tool pin length and 

thickness of weld plate was obtained in this study 

experiment. 
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I. INTRODUCTION 

The incorporation of modern technological developments in 

all fields of engineering has made significant changes in 

welding too. Friction Stir Welding (FSW) invented by The 

Welding Institute in United Kingdom [1] is a solid state 

process applied to both similar and dissimilar material 

welding [2]. It generally consists of a rotating tool which is 

non-consumable in nature, having a small projecting pin 

also. This tool rotates along with penetration through the 

joining surface. The transverse movement of the tool results 

in high friction and changes the work material to plastic 

stage and thus forms a strong defect-free weld. Schematic 

representation of the process is as in Fig.1. Depending on 

the direction of rotation and tool traverse, the advancing side 

[AS] and retreating side [RS] of the joined materials 

experience changes in properties too. 

Welding parameters and the tool geometry are the 

main parameters which affects the weld quality in terms of 

mechanical properties of the weld joint. The detailed list of 

FSW parameters are given below: 

1) Welding speed or traverse motion of the tool 

(mm/min). 

2) Rotational speed of the tool (rpm). 

3) Tool geometry.  

 Pin length or plunge depth (mm). 

 Tool shoulder diameter (mm) 

 Pin diameter (mm). 

 Tool inclination angle (º). 

From the available literature [9-13] the FSW 

process parameters such as rotational speed, welding speed 

and the tool pin length in tool geometry have the maximum 

influence on the weld quality.  

 
Fig. 1- Friction Stir Welding  

The capability of FSW for the welding of many 

materials made it acceptable in diversified fields. None of 

the currently available methods can cope with this process. 

Green environment of FSW makes it suitable for modern 

welding. There is no need of shielding gases and surface 

cleaning for the base metal, which will reduce the air 

pollution and also provide safe and neat working 

environment for the workers. Elimination of the grinding 

wastes reduces the material expense and avoids the need of 

an additional process. The experimentation of such a 

process, with the knowledge gained through academics is 

the real motivation 

The wide acceptability of FSW in aerospace field 

to weld Aluminum and its alloys helped for its development 

too. Among the Aluminum alloys, Aluminum 2XXX, 

6XXX, 7XXX series are heat treatable and is used in 

fuselage, wings and skin of the aircrafts. 7XXX series 

cannot be welded by fusion welding because of crack 

formations on the surfaces [4] These understandings made 

curiosity for knowing more on this process. 

II. LITERATURE SURVEY 

The detailed review of the literature by researchers showed 

attempts in welding of dissimilar metals and listing of 

process parameters. But studies made in the welding of 

aluminum 6XXX and 7XXX series alloys are scarce 

because the material mixing at the weld interface is 

different. 

Fehrenbacher et al [1] worked on the 6061-T6 

aluminium alloy 4.76 mm thick, their study determined the 

effect of tool-work piece interface temperature on weld 

quality and quality improvement through temperature 

control in friction stir welding technique. They suggested a 



Effect of the Process Parameters of Friction Stir Welding of Dissimilar Aluminum Alloys Al 6061-T6 and Al 7075-T6 on the Weld Quality 

 (IJSRD/Vol. 4/Issue 07/2016/130) 

 

 All rights reserved by www.ijsrd.com 544 

combined force and temperature control system for a robotic 

friction stir welding process, while welding of complex 

work geometries with good weld strength. The plunge force 

is reported as an important factor. 

Ghosh et al [2] conducted study on welding of 

A356 and Al 6061 aluminum alloys. Tool rotational speed 

and welding speed were varied during experiments and its 

effect on the tensile strength of the weld is determined. The 

maximum tensile strength was found for low welding speed 

and low rotational speed.  

Cole et al [3] introduced modernized tool which 

incorporated thermo couple. It enables to find out the 

temperature between the tool work piece interfaces at any 

instant. They pointed out that tool offset as a method for 

increasing or decreasing the amount of heat input. While 

welding Al 6061 and Al 7075, the measured joint strength 

improved with decreasing amount of power input to the 

weld.  

Cavaliere et al [4] joined Al 7075 and Al 224 alloy 

by FSW and specimens were subjected to tensile and fatigue 

testing. Micro structure studies were by optical microscope. 

The fatigue behavior of aluminum was found to reduce due 

to presence of FSW line. Fracture analysis was done in this 

study to determine the location of fracture and the cause of 

the fracture. 

Jonckheere et al [5] did experiments with the 

welding of Al 2014-T6 and 6061-T6 alloys to predict the 

hardness in joint. Lateral shift of tool from the weld center 

line was a deciding parameter for the tensile strength and the 

weld quality.  

Zhang et al [6] worked on the Al 7050-T6 alloy 

and introduced a 3D model for the material flow for 

different translational and rotational speeds of the tool. 

Simulation results with the model based on nonlinear 

continuum mechanics showed no symmetry for the gradient 

of equivalent plastic strain. 

Zhou et al [7] worked on the finite element thermal 

model to validate the FSW thermal process parameters and 

identified process parameters- tool heat input rate and heat 

loss through the back late- using genetic algorithm. They 

compared the results with the experimental results and 

found that they were good agreed to it. 

Xu et al [8] worked on the Al 2219-T62 alloy and 

analysed the microstructure along the thickness of the weld 

for different tool pin profiles with threaded & tapered with 3 

spiral flute and threaded & tapered with triangle. Large 

grain size at the top section and small ones at the bottom 

section of weld nugget zone are reported. Hardness 

variations too were reported. 

Filhoa et al [9] did studies with Al 2024- T351 and 

Al 6056- T4 joints at different parametric conditions. 

Lamellar flow pattern was obtained at different micro 

structure due to difference in flow. They proposed 

mechanical mixing as the main cause of formation of a 

stirred zone. 

Koilraj et al [10] used Taguchi L16 optimization 

method for joining dissimilar AA 2219 –T86 and AA 5083 

–H321 plates by using rotational speed, welding speed and 

tool geometry. The ratio between tool shoulder diameter and 

pin diameter was reported as playing vital role in tensile 

property of the weld. 

Sharifitabar & Nami [11] welded 2024 –T4 

aluminium alloy and AlMg2Si metal matrix composites. 

They worked on the effect of number of passes on the 

tensile strength and hardness of the weld. Number of passes 

showed hardness variations at the joint interface. 

Silva et al [12] discussed on the joining of 

AA2024- T3 and AA 7075- T6 sheets by FSW. They carried 

out a stop action technique in order to understand the mixing 

process. By welding at a fixed feed rate, varying the 

rotational speed in three different levels, a non-stable 

rotational flow inside the threads was identified due to the 

formation of cavity on the rear side of the pin. 

Shi et al [13] worked to determine the effect of 

welding parameter and tool size on the thermal process and 

tool torque in reverse dual rotation friction stir welding. 

They proposed a different method to get a good weld. In the 

reverse duel- rotation friction stir welding, the tool pin and 

the assisted shoulder were separated and rotate reversely, 

reducing the welding load. They also found that with an 

increase of the radial distance, the locations of peak and 

valley values of heat generation rate at the shoulder-work 

piece contact interfaces varied. 

Fujii H. et al [14], Kim Weon-Kyong et al [15], 

Lakshminarayanan K et al [16], Vijayan S et al [17] [18] 

does the work on the optimization of the process parameters 

of friction stir welding technique on similar as well as 

dissimilar aluminium alloys by considering rotational speed 

of the tool, traverse motion of the tool and tool geometry as 

the significant parameters affecting on quality of the weld. 

The literature survey could enable in identifying a 

generalized platform for the implementation of a research 

proposal. It also highlighted the current trends in this field. 

However the studies on the influence of plunge depth (tool 

pin length), rotational speed and welding speed on the weld 

quality in terms of the tensile strength and the surface 

roughness, and effect of the base metal thickness on the 

tensile strength of the weld of dissimilar Al alloys Al 6061-

T6 and Al 7075-T6 could not be traced in the survey. 

III. MATERIAL AND EXPERIMENTAL PROCEDURE 

The material used in this work study was Al 6061-T6 and Al 

7075-T6 alloys in the form of 6mm thick plate having 

100mm length and 75 mm width. Materials were subjected 

to EDS analysis in order to ensure the material composition 

at S.N Metallurgical Services, Waluj Aurangabad and 

presented in table 1. 

The welding work is done on the Vertical Milling 

Machine having maximum 3200rpm with digital control 

system to measure the tool traverse motion. An FSW tool 

made of EN-8 with surface-hardening having 55 HRC. The 

tool shoulder diameter is 12 mm, the pin diameter is 55 mm 

and the pin length is 5.8 mm. 

 Si Fe Cu Mn Mg Cr Zn Ti other Al 

Al 6065 0.8 0.7 0.4 0.15 1.2 0.15 0.25 0.15 0.15 96.05 

Al 7075-T6 0.5 0.7 1.2 0.3 2.1 0.18 5.1 0.20 0.15 89.57 

Table 1: Chemical Compositions of Al 6061-T6 and Al 7075-T6
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A tool with reduced diameter is also used for one 

of the work piece geometries as noted in table 3. The Fig. 2 

shows the tool used in this work  

 
Fig. 2: FSW Tool Used In This Work 

A set of three studies was performed to evaluate the 

effect of plunge depth, rotational speed, welding speed on 

the tensile strength of the weld. 

The ranges of rotational speed are 700 rpm, 850 

rpm, 980 rpm, 1100 rpm, 1300 rpm, 1500, rpm, 1700 rpm, 

1900 rpm, 2200 rpm, 2600 rpm, 3100 rpm. And the ranges 

of welding speed are 60 mm/min, 70 mm/min, and 80 

mm/min which the selected machine had. For deciding the 

three levels of the rotational speed, test run is taken on the 

plates. The weld with the 700 rpm, 850 rpm and 980 rpm 

was not performed to prevent possible damage to the tool 

because of the very low expected temperature [1]. The 

desired temperature range for the welding of the Al 6061-T6 

and Al 7075-T6 is 470˚C to 580˚C (the solidus temperature 

of the alloys). The rotational speed of 1100 rpm and 1300 

rpm are not able to generate the weld smoothly, the tool was 

stuck in between the plates where the welding had been 

going. This is because of the low temperature created by 

1100 rpm and 1300 rpm. The welds produced by the 1500 

rpm, 1700 rpm and 1900 rpm are better as compared to 

above rotational speed. The welds produced by the 

rotational speed 2200 rpm, 2600 rpm, 3100 rpm are also 

good but the molten aluminum is stuck to the tool pin. It’s 

because of the excessive temperature generated at the tool 

pin and base plate interface. From the test run, the chosen 

rotational speed levels are 1500 rpm, 1700 rpm and 1900 

rpm. 

In first set of experiment but welds of 75mm length 

are conducted on two 100×75×6 mm plates of Al 6061-T6 

and Al 7075-T6 work pieces. Welds are performed at 

various plunge depth 5.0 mm, 5.2 mm, 5.5 mm, 5.8 mm, 6 

mm with constant rotational speed of 1900 rpm and constant 

welding speed at 60 mm/min. In second set of experiments, 

using 3² factorial methods, three levels of rotational speed 

1500 rpm, 1700 rpm, 1900 rpm and three levels of welding 

speed 60 min/mm, 70 min/mm, 80 min/mm are taken 

resulting in total 9 welds. For this series of experiments 

plunge depth is kept constant at 5.8 mm. In third series of 

experiments, the thickness of base plates are varies from 5.7 

mm to 6.6 mm in .3 mm increment with constant rotational 

speed of 1700 rpm and constant welding speed of 60 

mm/min. By using Taguchi orthogonal array method for 2 

factors having 3 levels, the L9 array was obtained, shown in 

table 2. 

Exp.  

No. 

Rotational 

Speed (Rpm) 

Welding Speed 

(Mm/Min) 

1 1500 60 

2 1500 70 

3 1500 80 

4 1700 60 

5 1700 70 

6 1700 80 

7 1900 60 

8 1900 70 

9 1900 80 

Table 2: Taguchi L9 Array 

Tensile testing is done on the UTM at S.N. 

metallurgical services waluj, Aurangabad. The tensile 

specimens were made based on ASTM E8M- 13a standard. 

IV. RESULT AND DISCUSSION 

A. Effect of Plunge Depth on Weld 

When varying the plunge depth between 5.0 mm to 6.0 mm 

(5.0 mm, 5.2 mm, 5.5 mm, 5.8 mm, 6.0 mm) for welding  6 

mm thick plates of Al 6061-T6 and Al 7075-T6 at constant 

rotation speed of 1900 rpm and constant welding speed of 

60mm/min. It was found that 5.8 mm yields the maximum 

UTS 209.69 MPa. The plunge depth 5.0 mm and 5.2 mm are 

unable to produce the weld at back side of the work piece 

because their insufficient length. Table 3 shows the UTS for 

given plunge depth.  

It shows that, the plunge depth (tool pin length) is 

less than the thickness of the weld plates to obtain the 

maximum tensile strength on the 6 mm thick plates of Al 

6061-T6 and Al 7075-T6.    

Specimen 

No. 

Tool Pin 

Length (Mm) 

Weld  

Configuration 

UTS 

(Mpa) 

1 5.0 Defective - 

2 5.2 Defective - 

3 5.5 Defect Free 181.71 

4 5.8 Defect Free 209.69 

5 6.0 Defect Free 194.33 

Table 3- UTS of Different Plunge Depth 

B. Analysis of Signal To Noise (S/N) Ratio 

This experiment investigates the implication of the 

rotational speed and welding speed on tensile strength of the 

resulting weld. Table no. 3 shows the results of the tensile 

testing for given various combinations of the rotational 

speed and welding speed. The plunge depth is kept constant 

at 5.8 mm. Apparently, larger values of the ultimate tensile 

strength of these responses are desirable. Thus, the data 

sequence which have larger the better characteristics, the LB 

model is employed to calculate the S/N ratio. 

Larger the better (for making the system response 

as large as possible) 

SNL = -10log (
1

𝑛
∑

1

𝑦𝑖2
𝑛
𝑖=1 ) 

Exp. 

No. 

Rotational 

Speed 

(Rpm) 

Welding 

Speed 

(Mm/Min) 

UTS 

(Mpa) 

S/N 

Ratio 

1 1500 60 194.540 45.7802 

2 1500 70 187.830 45.4753 

3 1500 80 183.333 45.2648 

4 1700 60 211.178 46.4930 

5 1700 70 201.560 46.0881 

6 1700 80 193.250 45.7224 

7 1900 60 208.710 46.3909 

8 1900 70 198.960 45.9753 

9 1900 80 193.333 45.7261 

Table 3: UTS Results of Factorial Experiments 
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The S/N ratio of ultimate tensile strength can be 

used for performance analysis and higher S/n ratio value 

represents that the response value is closer to the expected 

performance characteristics. Following response table no 4 

for signal to noise ratio is obtained from Minitab software 

for ultimate tensile strength. 

Level 
Rotational 

Speed (Rpm) 

Welding Speed 

(Mm/Min) 

1 45.51 46.22 

2 46.10 45.85 

3 46.03 45.57 

Delta 0.59 0.65 

Rank 1 2 

Table 4: Response Table for S/N Ratio for UTS 

Also Fig. 3 shows the main effect plot of S/N ratio 

for UTS. 

 
Fig. 3: The main effect plot of S/N ratio for UTS 

From S/N ratio analysis in above graph, the optimal 

conditions were 1700 rpm rotational speed (level 2) and 60 

mm/min welding speed (level 1) for ultimate tensile 

strength. From table 4 it is clear that rotational speed having 

rank 1 proved to be most influential parameter to affect the 

tensile strength. The temperature required to weld is 

acquired by the 1700 rpm rotational and 60 mm/min 

welding speed yields maximum UTS. 

C. Effect of Base Metal Thickness on UTS 

Welding on the different thickness of the plates with the 

constant rotational speed of 1700 rpm, welding speed of 60 

mm/min and plunge depth of 5.8 mm. gives the effect of 

thickness of plates on the tensile strength of the weld. Table 

no 4 shows the results of this experiment, 6 mm thick plates 

gives the maximum UTS 210.45 MPa and Fig. no 4 shows 

the effect of thickness on the weld UTS. From results, as the 

thickness of base plate increases the tensile strength of the 

weld decreases.  

Specimen No. Thickness of Plates (Mm) UTS (Mpa) 

1 6.0 210.45 

2 6.2 202.71 

3 6.4 189.32 

4 6.6 174.24 

Table 4: Effect of Thickness on UTS 

From the first result and third result, the 

generalized/common result for deciding the tool pin length 

is determined by this work study experiment. The difference 

between the tool pin and the thickness of base plates is 

important criteria to decide the tool pin length for the 

welding of desire plates with given thickness. In first set of 

experiments, the ultimate tensile strength was max for 5.8 

mm and 6 mm length of tool pin for weld of 6 mm thick 

plates. In third set of experiment, the ultimate tensile 

strength of the weld was max for the 6 mm and 6.2 mm 

thick plates by taking tool pin length constant of 5.8 mm. It 

shows that there is a relation between the tool pin length and 

thickness of plates.  

 
Fig. 4: Effect of thickness of plates on UTS. 

In first set of experiments, the difference between 

tool pin length and thickness of plate is 0.2 and 0 for max 

ultimate tensile strength. In third set of experiment, the 

difference between tool pin length and thickness of plates is 

0 and 0.4 mm. Overall, the range of difference between 

thickness of the plates and tool pin length is 0 to 0.4 mm. 

The range ratio of tool pin length to the thickness of plates is 

0.933 to 1 
tool pin length

thickness of plates
 =  

5.4

6
= 0.933 

tool pin length

thickness of plates
 =  

6

6
= 1 

This range of ratio of tool pin length to the 

thickness of plates helps to obtain the desired tool pin length 

for the given thickness of plates to gives better tensile 

strength of the weld. The nearer to the 1 gives the maximum 

ultimate tensile strength of weld.   

V. CONCLUSION 

Friction stir welding of Al 6061-T6 and Al 7075-T6 alloys 

using different plunge depth, rotational speed and welding 

speed has been conducted. The effect of rotational speed and 

welding speed on the tensile strength of the weld were 

investigated. Based on the present experimental work and 

the theoretical analysis, the main conclusions can be 

summarized as follows: 

1) The friction stir welding has proved to be the suitable 

process for joining Al 6061-T6 and Al 7075-T6 

Aluminium alloy and defect free joints were obtained 

using various combinations of process parameters 

2) The plunge depth (the length of the tool pin) required 

to obtain the maximum tensile strength of weld is less 

than the thickness of the base plates. The obtained 

plunge depth is 5.8 mm. 

3) The UTS of the welded specimen of two dissimilar 

alloys Al 6061-T6 and Al 7075-T6 obtained at 

rotational speed of 1700 rpm and welding speed of 60 

mm/min.  

4) The thickness of the weld plates increases the tensile 

strength of the weld decreases.  
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5) For obtaining the maximum tensile strength from the 

given thickness of the weld plates calculating the 

proportion of plunge depth to the thickness is the best 

way. 

6) The range of the ratio of tool pin length to the 

thickness of plate is 0.93 to 1.  
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