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1. Introduction 

 

Friction stir welding (FSW) is a relatively new solid-state joining 

technique which is widely adopted in different industry fields to 

join different metallic alloys that are hard to weld by conventional 

fusion welding. FSW is a highly complex process comprising 

several highly coupled physical phenomena. The complex 

geometry of some kinds of joints and their three-dimensional 

nature make it difficult to develop an overall system of governing 

equations for theoretical analyzing the behavior of the friction stir 

welded joints. The experiments are often time-consuming and 

costly. To overcome these problems, numerical analysis has 

frequently been used since the 2000s.  The heat and mass transfer 

is mainly influenced by material properties as well as welding 

variables including the rotational and transverse tool speed. 

However, the joining takes place by extrusion and forging of the 

metal at high strain rates [1]. The maximum temperature ranges 

from 80 to 90% of the melting temperature of the welding 

material at the interface between the tool and the work-piece. 

However, 20% of the total heat is attributed to the pin and the 

addition of heat due to the pin has little effect on the thermal 

profile [2]. The nature of heat transfers and heat generation rate, 

and flow of plasticized material is primarily affected by tool 

geometry, traverse movement of the tool, applied torque and 

thermo- mechanical condition experienced by the tool [3]. A 

dimensionless correlation has been developed based on 

Buckingham’s pi-theorem. The relationship can also be used for 

the selection of welding conditions to prevent melting of the 

work-piece during FSW. The correlation includes thermal 

properties of the material and the tool, the area of the tool 

shoulder and the rotational and translation speeds of the tool [4]. 

The thermo-mechanical simulation of friction stir welding can 

predict the transient temperature field, active stresses developed, 

forces in all the three dimensions and may be extended to 

determine the residual stress [5]. The shape of the tool pins also 

influences the flow of plasticized material and finally affects weld 

joint properties. The tool shoulder facilitates bulk material flow, 

whereas the pin aids a layer- by-layer material flow. A triangular 

tool pin increases the material flow compared with a cylindrical 

pin [6]. The effect of firction stir processing on TIG welded joint 

have been analyzed and they observed mechanical properties and 

heat transfer of TIG=FSP welded joint. The mechanical 

properties of TIG+FSP welded joint were observed better than 

TIG welded joints. [7-13].  The effect of the mass scaling factor 
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on the temperature field during the plunge stage in FSW was 

analyzed. The transfer processes were described by the system of 

diffusion and motion equations including contact detection and 

interaction solutions for particles integrated over time. Modeling 

of the tool/work-piece interface included both the mixing of the 

oxide particles into the subsurface layer during hot rolling of 

aluminum and heat generation during FSW [14]. The numerical 

model is continuum solid mechanics-based, fully thermo-

mechanically coupled and has successfully simulated the FSW 

process including plunging, dwelling and welding stages. The 

equivalent load method based on the inherent strain approach was 

suggested as an efficient welding deformation and residual stress 

analysis method for large scale FSW structures of aluminum alloy 

Al6061-T6 sheet metal. The results show fairly good agreements 

with those of existing FE analysis as well as the FSW experiments 

[15]. The distribution of temperature, strain, stress and metal flow 

state of the specimen were obtained and the defects were forecast 

for the FSW process. The results showed that the temperature 

distribution of the workpiece is asymmetrical; strain distribution 

is not uniform throughout the thickness of the specimen, and 

severe plastic deformation exists in the welding zone [16]. The 

tool rotational speed, traverse speed, and tilt angle were basic 

parameters during the FSW process that have a substantial 

influence on the temperature distribution of the workpiece [17, 

18], the mechanical and metallurgical characterization of the 

welded joint [19] and material flow behavior [20]. The progress 

in numerical temperature simulations of FSW has been achieved 

by researchers and numerical analysis has found widespread 

application [21]. In this work, the mechanical properties of FSW 

welded joint of AA2024 and AA7075 has been investigated and 

develop and validate a three dimensional thermo-mechanical 

model of friction stir welding process and predict the variation of 

the temperature distribution of the welded joint of dissimilar 

aluminum alloy of AA2024 and Aa7075. 

 

2. Materials and Method 

 

In this work, the thermo-mechanical model was developed using 

the finite element method using ANSYS 14. In order to validate 

the developed model, the output of the model was correlated with 

the published results. Once developed, the thermo-mechanical 

model was used to simulate the process. The model was then 

extrapolated to perform parametric studies in order to investigate 

the effects of various process parameters on temperature 

distribution and residual stress in the work-piece. The next step 

was to construct surrogate models using the data generated by the 

thermo-mechanical model and evaluate the temperature 

distribution and heat flux of the friction stir welded plate. The 

friction stir welding of the AA2024 and AA7075 aluminum alloy 

was performed using a tool with a 4 mm diameter and 5.5 mm 

length circular threaded pin and having a shoulder diameter of 19 

mm. The optimal welding speed depends on various factor.  

Aluminium alloy of AA7075 and AA2024 are selected to 

fabricate dissimilar joints using friction stir welding (FSW). The 

length, width and thickness of both the alloy plates are chosen as 

120, 40 and 6.3 mm respectively. The chemical composition of 

AA7075 and AA2024 are given in table 1. 

 

Table 1: Chemical composition of Aluminum alloy 

Al- alloy Si Fe Cu Mn Mg Cr Zn Al 

2024 0.4 0.45 4.2 0.6 1.4 0.12 0.24 Bal 

7075 0.2 0.1 1.3 0.03 2.7 0.2 5.78 Bal 

 

The processing parameters of friction stir welding of dissimilar 

aluminum alloy AA2024 and AA7075 as shown in table 2. 
 

Table 2: Processing parameter for friction stir welding 

Sample No 
Tilt 

angle 

Tool rotational 

speed (rpm) 

Welding Speed 

(mm/min) 

1 

0° 1200 

25 

2 30 

3 35 

4 40 

5 45 

 

2.1 Governing Equation [22] 

 

The continuity equation for incompressible single-phase flow in 

index notation for i = 1, 2 and 3, representing the x, 

y and z directions, respectively is given by 

 
∂𝑢i

∂xi
=0      (1) 

 

where u is the velocity of plastic flow. The steady single phase 

momentum conservation equations with reference [23] to a 

coordinate system attached to the heat source in index form may 

be represented as  

 

𝜌
∂𝑢I𝑢𝑗

∂𝑥𝑖
 = - 

∂P

∂x𝑗
+

∂

∂xI
(µ

 ∂Uj

∂x𝑖
+ µ

 ∂U𝑖

∂xj
) –  𝜌 𝑈1 (

∂U𝑗

∂xI
) (2) 

 

where ρ is the density, µ is the non-Newtonian viscosity, U1 is the 

welding velocity and p is the pressure. The constitutive equations 

used here for viscosity calculation have been used for hot-

working processes, particularly extrusion. Friction stir welding 

involves transfer of plasticized material from the front to the back 

of the tool pin as the tool traverses along the joint. It is basically 

an extrusion process followed by forging which joins the plates. 

Therefore, it is appropriate to use these equations for FSW. The 

calculation of viscosity requires local values of strain rate and 

temperature [23]. 
 

𝜎𝑒 =
1

𝛼
𝑠𝑖𝑛ℎ−1 [(

𝑍

𝐴
)

1/𝑛

]    (3) 

 

where A, a and n are material constants and Z is the Zener– 

Hollomon parameter. Parameter A is a function of the carbon 

concentration in C–Mn-steel, while a and n depend on the 

temperature, T, as indicated below [23]. 

 

A= 1.80 x 106 +1.74 x 108 (%C) – 6.5 x 107 (%C) 2 (4) 

α = 1.07 + 1.70 x 10-4 T -2.81 x 10-7 T2  (5) 

n= 0.2 + 3.966 x 10-4 T     (6) 

 

Z, the Zener–Hollomon parameter, represents the temperature 

compensated effective strain rate and is given by 
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Z= 𝜀 exp (
𝑄

𝑅𝑇
)     (7) 

 

Here Q is the temperature independent activation energy, R is gas 

constant and 𝜀is the effective strain rate, given by 

 

𝜀 =  (
2

3
𝜀𝑖𝑗𝜀𝑖𝑗)

1/2

     (8) 

 

where𝜀𝑖𝑗 is the strain rate tensor, defined as 

 

𝜀𝑖𝑗 =  
1

2
(

𝜕𝑢𝑖

𝜕𝑥𝑗
+ 

𝜕𝑢𝑗

𝜕𝑥𝑖
)    (9) 

 

Finally, viscosity can be determined from flow stress and 

effective strain rate using Perzyna’svisco-plasticity model [24].  

 

µ =
𝜎𝑒

3𝜀
      (10) 

 

The above formulation indicates that dynamic viscosity is a 

strong function of local strain rate and temperature. The strain rate 

is the more dominant factor for the conditions typical of FSW. 

For the same temperature and strain rate, the viscosity values are 

about one order of magnitude higher than those reported for the 

FSW of aluminum. The steady thermal energy conservation 

equation is given by 

 

𝜌Cp 
𝜕(𝑢𝑖 𝑇)

𝜕 𝑥𝑖
 = - 𝜌CpU1

𝜕𝑇

𝜕𝑥𝑖
+

𝜕

𝜕𝑥𝑖
(𝑘 

𝜕𝑇

𝜕𝑥𝑖
)+ Si+ Sb  (11) 

 

Where Cp is the specific heat and k is the thermal conductivity of 

the workpiece/tool. The term Si represents the source term due to 

interfacial heat generation rate per unit volume at the tool pin–

workpiece interface and Sb is the heat generation rate due to 

plastic deformation in the work-piece away from the interface. 

The heat generated at the interface between vertical and 

horizontal surface of the tool pin and the work-piece, Si, may be 

defined as: 

 

Si = [ (1-δ)ητ + δµf PN] (ωr – U1sinθ) 
𝐴𝑟

𝑉
 (12) 

 

where Ar is any small area on the tool pinwork-piece interface, r 

is the radial distance of the center of the area from the tool axis, 

V is the control-volume enclosing the area Ar, τ is the maximum 

shear stress at yielding, θ is the angle with the negative x-axis in 

the counter-clockwise direction, η is the mechanical efficiency, 

i.e. the amount of mechanical energy converted to heat energy. 

δ denotes the spatially variable fractional slip between the tool 

and the work-piece interface, µf is the spatially variable 

coefficient of friction, ω is the angular velocity and PN is the 

normal pressure on the surface, which is equal to PV for the work-

piece area in contact with the vertical surface of the pin and equal 

to PH for area below the horizontal surface of the tool. The 

velocity (ωr – U1sinθ) represents the local velocity of a point on 

tool with the origin fixed at the tool axis.A 50% mechanical 

efficiency was assumed guided by the range of the previous work 

in FSW [25].In Eq. (12) the radial pressure is much smaller than 

the axial pressure and the value of PV has been assumed to be 

zero. When δ is 0, full sticking is indicated and all the heat is 

generated by plastic deformation, while heat is generated only by 

friction when δ = 1.  

During FSW, mixing is not atomic, as evident from the previous 

research on dissimilar metal joining [26-27]. Here grains are 

deformed but efficient mixing of atoms does not occur. A rigorous 

calculation of heat generation due to viscous dissipation of 

momentum is difficult. However, previous research has shown 

that the heat generation due to viscous dissipation is small, of the 

order of only 4.4% of the total heat generation for the FSW of 

aluminum alloy [28]. A rough estimate of the viscous dissipation 

of momentum per unit volume, Sb has been calculated fmµφ, 

where φ is given by [27]. fm is an arbitrary constant that indicates 

the extent of atomic mixing in the system. The value of fm will 

tend to 1 for a well-mixed system in the atomic scale. In systems 

where the grains remain largely intact, the value of fm will be very 

small. Here, a value of 0.05 was used because this value resulted 

in the viscous dissipation being about 4% of the total heat 

generation for the welding conditions investigated. 

 

Φ= 2 [(
𝜕𝑢1

𝜕𝑥1
)

2

+ (
𝜕𝑢2

𝜕𝑥2
)

2

+ (
𝜕𝑢3

𝜕𝑥3
)

2

] + (
𝜕𝑢1

𝜕𝑥2
+  

𝜕𝑢2

𝜕𝑥1
)

2

 + 

(
𝜕𝑢1

𝜕𝑥3
+ 

𝜕𝑢3

𝜕𝑥1
)

2

 + (
𝜕𝑢3

𝜕𝑥2
+  

𝜕𝑢2

𝜕𝑥3
)

2

   (13) 

 

2.2 Boundary conditions 

 

When the work-piece top surface away from the tool shoulder 

edge, the boundary condition for heat exchange involves both 

convection and radiation heat transfer. However, at the sides and 

the bottom surface of the work-piece, the boundary condition for 

heat exchange involves only convection heat transfer. The heat 

generation rate at the interface between tool and the work-piece 

can be given by 

 

 
 

 
Figure 1: Boundary condition of friction stir welding 

 

f = 
𝐽𝑤

𝐽𝑇
= 

√(𝑘𝜌𝐶𝑃)
𝑊

√(𝑘𝜌𝐶𝑃)
𝑇

     (14) 

 

Inlet velocity 

Outlet velocity 

Welding 

direction 
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Where T and W denote the tool and work piece respectively. The 

heat flux continuity on the shoulder interface yields 

 

𝑘 
𝜕𝑇

𝜕𝑧
|

top
= 

𝐽𝑤

𝐽𝑤+𝐽𝑇
q1 in the range of RP≤r ≤Rs  (15) 

 

WhereJwand JT were the heat conducted to the work-piece and 

tool respectively 

 

J =√𝑘𝜌 𝐶𝑝     (16) 

 

Where Cp was heat capacity, ρ and K were density and thermal 

conductivity respectively 

 

 The total heat generation rate may be written as  

 

q1 = [η (1 - δ) τ + δ.µf .PH] (ω.r – U1 sin θ)  (17) 

 

The heat transfer coefficient may be calculated as  

𝑘 
𝜕𝑇

𝜕𝑧
|

bottom
= hb (T-Ta)    (18) 

 

Value of hbcan be calculated as 

 

hb= hb0 (T-Ta)0.25     (19) 

 

The heat transfer due to radiation and convection was written as 

 

𝑘 
𝜕𝑇

𝜕𝑧
|

top
= ht (T-Ta)+ σ ε1(T4-𝑇𝑎

4)   (20)  

 

In this model, the computational region was considered as a 

single-phase visco-plastic non-Newtonian fluid and the FSW tool 

was considered as rotating in a fixed position. The material flows 

into the computational domain from the inlet velocity and out 

from outlet velocity at the welding speed (traverse speed). Top, 

bottom, and side surfaces of the work-pieces were considered 

equivalent to the wall surface, having the same velocity as 

welding speed but opposite in direction. 

Velocity at the tool pin periphery have been defined in terms of 

tool translation velocity and the tool pin angular velocity 

 
𝑢 = ( 1 − 𝛿 )(𝜔 𝑅𝑃 𝑠𝑖𝑛𝜃 –  𝑈1)

𝑣 =  (1 − 𝛿)𝜔 𝑅𝑃 cos 𝜃

w = k 
 𝜔

2𝜋
𝑅𝑃

} in the range RP≤ r ≤ RS 

      (21) 

Similarly, at the shoulder contact, the velocity boundary 

condition may be written as  

 
𝑢 = ( 1 − 𝛿 )(𝜔𝑟 𝑠𝑖𝑛𝜃 –  𝑈1)

𝑣 =  (1 − 𝛿)𝜔𝑟 cos 𝜃
.

} in the range RP≤ r ≤ RS 

      (22) 

3. Results and Discussion 

 

3.1 Tensile strength 

 

Fig. 2, illustrate the stress strain diagram of the FSW butt welded 

joint of dissimilar aluminum alloys of AA2024 and AA7075 at 

various traverse speed (25, 30, 35, 40, 45 mm/min) for the 

constant rotational speed (1200 rpm) and tilt angle (0º). Its cleared 

that all the welded joints show lower yield strength, ultimate 

tensile strength than those of base material. The change of 

traverse speed has a significant effect on the tensile strength of 

the welded joints. When the traverse speed increases tensile 

strength also increases upto 40 mm/min, after that decreases as 

shown in table 3. The tensile strength and fractured locations of 

the friction stir welded joint of AA2024 and AA7075 at different 

traverse speed are summarized in table 3. When the aluminum 

alloy AA075 was located on the advancing side (A.S), the tensile 

strength of welded joints was increased.  

 

 
Figure 2: Stress strain diagram of FSW welded joint of AA2024 and 

AA7075 with different processing parameters 

 

The maximum tensile strength 262.06 MPa was archived at the 

welding speed of 40 mm/min with tool rotational speed 120 rpm 

and tilt angle 0°. The kissing bond at the root of the joint was 

found when the aluminum alloy AA7075 was located on 

retreating side. When the welding speed was increased, the tensile 

strength was reduced due to the formation of kissing bond and 

pores in the stir zone. The enhancement of the tensile strength of 

the welded joints observed when AA7075 was located on the 

advancing side and the fractured location was observed at the heat 

affected zone of AA2024 [29], whereas some specimens was 

fractured at the stir zone of the welded joints. Therefore, the 

tensile strength of FSW welded joint of AA2024 and AA7075 

were depended on the hardness and welding defects of the joints. 

When the welded joints are free from defect, the tensile strength 

was increased and the fractured occurred in the heat affected zone 

on the minimum hardness side material. 
 

Table 3: Tensile strength of FSW welded joint of AA2024 and AA7075 

Processing Parameter 
Mean Tensile 

Strength (MPa) 

Mean 

Strain (%) 
Feed rate 

(mm/min) 
TRS (rpm) 

Tilt 

angle 

25 

1200 0 

173.1 18.7 

30 197.8 21.2 

35 211.3 22.9 

40 262.06 25.9 

45 237.8 24.3 

0.00

50.00

100.00

150.00

200.00

250.00

0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00

T
en

si
le

 s
tr

e
ss

 (
M

P
a

)

Strain(%)

T.S- 25 mm/min

T.S- 30 mm/min

T.S- 35 mm/min

T.S- 40 mm/min

T.S- 45 mm/min



  

Bhat N.A / International journal of research in engineering and innovation (IJREI), vol 4, issue 6 (2020), 325-332 

 

  

 

 

329 

 

  

3.2 Micro-hardness 

 

Fig. 3 shows the variation of micro-hardness profile from the 

weld center line and 41 observations have been taken from the 1st 

base metal (AA2024) to 2nd base metal (AA7075) as shown in 

fig.3. A lower hardness values were observed on both advancing 

and retreating side in the weld as compare to base material. This 

is due to there-precipitation of strengthening precipitates, 

dissolution and coarsening caused by thermal cycle [30]. The 

micro-hardness distribution profile was heterogeneous in the 

nugget zone consisting of AA7075 and AA2024 base material. It 

can be observed that the all points show the asymmetric hardness 

distribution profile due to the asymmetrical material flow and 

heat generation caused by the friction stir welding tool, which was 

typical for the dissimilar aluminum alloy welded joints 

The micro-hardness measurements were performed across the stir 

zone (SZ), thermo-mechanically affected zone (TMAZ), heat 

affected zone (HAZ) and base material. Fig.3 shows the micro-

hardness profiles of FSW welded joint at traverse speed of 25, 30, 

35, 40 and 45 mm/min with constant rotational speed of 1200 rpm 

with constant tilt angle 0°. The heat affected zone of welded joints 

were expected to have lowest hardness in the weld zone due to 

dissolution of the precipitation phase in that zone. The increase in 

the hardness at the stir zone was also reported in the friction stir 

welding of other precipitation hardened alloys [31-32]. The 

micro-hardness values are less momentous in affecting the 

mechanical properties of the welded joint, because processing 

parameter (tool rotation speed, current, feed rate etc.) have more 

influencing factor over the hardness value [13]. The micro 

hardness values at the middle and bottom of the welded joint 

detected the major effect, because the grain size and micro-

hardness number were changed due to solidification sequence and 

cooling rate of the weldment.  

 

 
Figure 3: Variation of micro-hardness of welded joint of dissimilar 

aluminum alloy of AA2024 and AA7075 

 

The microhardness number also play a very important role to 

recognizing the metallurgical phase. Due to coarsening of the 

hardening phases in TMAZ region, slightly decreases in the 

hardness observed in the TMAZ. The lowest hardness was 

observed in HAZ region on both side of the base material. The 

hardness of stir zone was increased when the traverse speed 

increases up to 40 mm/min after that hardness value decreases. 

The highest value of hardness (154 HV) was observed in the stir 

zone at 40 mm/min whereas minimum hardness (130 HV) was 

found in the stir zone at 25 mm/min. 

 

3.3 Residual stress 

 

The residual stress at the welded region is one of the most 

significant parameters for analyzing the mechanical properties of 

the welded joint. The tensile stress was carried by imposing 

tensile loading, compressive residual stress may be effective in 

enhance the mechanical properties of the welded joint. The 

residual stress in the nugget zone and the formation of 

compressive residual stress in the TMAZ contribute to 

enhancement of the mechanical properties of the FSW welded 

joint [33]. The ultimate tensile strength and hardness may be 

improved by imposing compressive residual to the FSW welded 

region. The highest tensile residual stress was found along the 

welded line at the edge of weld in advancing side. This high 

residual stresses achieved on the advancing side of the FSW 

welded region are associated with the high traverse speed of the 

tool [34].  

 

 
Figure 4: Variation of residual stress distribution of welded joint of 

AA2024 and AA7075 

 
Residual stress distribution profile in the transverse direction of 

the FSW welded joint of dissimilar aluminum alloy of AA2024 

and AA7075 as shown in fig.4, where it can be observed that the 

base material AA2024 and AA7075 has homogenous residual 

stresses from -18 to -12 MPa at base metal AA2024 and 10-15 

MPa at second base metal AA7075. The transverse tensile 

residual stress peak at nugget zone decreased when traverse speed 

increased from 25 to 40 mm/min after that residual stress was 

increased. The maximum tensile residual stress (111 MPa) in the 

nugget zone was observed at traverse speed 25 mm/min with tool 

rotational 1200 rpm and tilt angle 1°, whereas minimum tensile 

residual stress (46.48 MPa) at nugget zone was observed at 

traverse speed of 40 mm/min. The base material AA2024 and 

AA7075 has a homogenous residual stress distribution. The 

friction stir welding is an asymmetric thermo-mechanical 
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process, it was observed that both advancing side and retreating 

side would have different residual stress. So, the residual stress 

distributions are a function of the traverse speed and tool 

rotational speed [35]. There are many which affect the residual 

stress, such as modulus of elasticity, welding parameters, 

coefficient of thermal expansion and metal flow around the heat 

source. The transverse residual stresses show the tensile stress in 

the welded region and shifted compressive stress toward the base 

material on the both sides. The transverse residual stress was 

axisymmetric on both sides of the dissimilar aluminum alloy 

welded region as shown in fig.4. Generally, the longitudinal 

residual stresses, which are generated due to the contraction of 

the FSW weld during cooling, were symmetrical on both side of 

the weldment [36-37]. 

 

3.4 Temperature distribution 

 

3.4.1 Validation of results 

 

It was momentous to get the validated the numerical results which 

can be used to predict confident results for this study as shown in 

table 4. Usually, numerous simulation studies have been validated 

their models through the comparison of the temperature 

distribution. In this work, the measured temperature was recorded 

from ANSYS 14 corresponding to process parameters at tool 

rotation speed 1200 rpm, and traverse speed (25, 30, 35, 40, 45 

mm/min). The present result was validated by Padmanaban et al 

[38] which gives a satisfactory amount of assurance in the fidelity 

of the simulation of welded joints. 

 
Table 4: Validation of results 

Traverse speed 

(mm/min) 

Tool rotational 

speed (rpm) 

Temperature (K) 

Padmanaban et 

al [38] 

Present 

value 

20 1200 745 751 

 

3.4.2 Temperature distribution of the FSW welded joint 

 

During friction stir welding, the heat generation must be 

sufficient to soften the stir zone and mix the material very well. 

The computed temperature profile along the top surface of the 

base plate through the tool pin axis are shown in fig. 6. 

The temperature contour on during the friction stir welding of 

AA2024 and AA7075 at various traverse speed (25, 30, 35, 40, 

45 mm/min) with constant tool rotational speed 1200 rpm with 

tilt angle 0° are shown in fig.6. It was seen that the peak 

temperature decreases with increases in traverse speed as shown 

in fig.7. As the traverse speed increases from 25 to 45 mm/min, 

the temperature at nugget zone decreases from 751 to 703K. This 

reduction in temperature was due to the decreased dissipation of 

heat over a wider region and heat input per unit length of the base 

plate at the higher traverse speed. When the traverse speed is low, 

the material near to the rotating tool is subjected to higher 

temperatures. This increase in temperature, stirring material that 

was softened due to increased temperature thus reducing the force 

acting on the rotating tool. When the traverse speed was high, the 

material near to the tool subjected to low temperatures resulting 

in the tool stirring a comparatively harder material, increasing the 

forces acting on the tool [39]. The higher temperature (751K) was 

observed at traverse speed of 25 mm/min whereas low 

temperature (703K) was observed at traverse speed of 45 

mm/min. 
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Figure 6: Temperature distribution of friction stir welding of AA2024 

and AA7075 

 

 
Figure 7: Variation of temperature at nugget zone and traverse speed 

of the FSW welded joint 

 

4. Conclusions 

 

The mechanical properties and the temperature distribution of 

friction stir welded joint of dissimilar aluminum alloys AA2024 

and AA7075 has been investigated and following conclusion 

have been made. 

 The maximum tensile strength 262.06 MPa was archived at 

the welding speed of 40 mm/min with tool rotational speed 

120 rpm and tilt angle 0° and minimum tensile strength (171 

MPa) was observed at 25 mm/min. 

 The fractured locations of the friction stir welded joint of 

AA2024 and AA7075 at different traverse speed were 

found in the heat affected zone (HAZ). 

 The tensile strength of FSW welded joint of AA2024 and 

AA7075 were depended on the hardness and welding defects 

of the joints. When the welded joints are free from defect, the 

tensile strength was increased and the fractured occurred in 

the heat affected zone on the minimum hardness side 

material. 

 The hardness of stir zone was increased when the traverse 

speed increases up to 40 mm/min after that hardness value 

decreases. The highest value of hardness (154 HV) was 

observed in the stir zone at 40 mm/min whereas minimum 

hardness (130 HV) was found in the stir zone at 25 mm/min. 

 The transverse tensile residual stress peak at nugget zone 

decreased when traverse speed increased from 25 to 40 

mm/min after that residual stress was increased. The 

maximum tensile residual stress (111 MPa) in the nugget 

zone was observed at traverse speed 25 mm/min with tool 

rotational 1200 rpm and tilt angle 1°, whereas minimum 

tensile residual stress (46.48 MPa) was observed. 

 The temperature contour on during the friction stir welding 

of AA2024 and AA7075 at various traverse speed (25, 30, 

35, 40, 45 mm/min) with constant tool rotational speed 1200 

rpm with tilt angle 0° are shown in fig.5. It was seen that the 

peak temperature decreases with increases in traverse speed 
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