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Abstract 

This paper investigates the temperature at different workpiece and tool pin sections. In this 
investigation, various materials are utilized, for example, AA7050, AA2024, and Copper, for other 
process parameters. Tool rotational speed, tool tilt angle, and welding speed are process parameters. 
Thermal distribution results are examined with the assistance of these process parameters. Altair’s 
Hyper Weld, a preeminent computer-aided engineering (CAE) application for the simulation of 
friction stir welding, has been used for detailed investigations. The outcomes are introduced for 
divergence in the top temperature of these distinctive aluminum and copper compound plates at 
similar information parameters during the Friction Stir Welding (FSW) process. It is observed that 
more heat is generated when the copper plate is placed on the right side, and the aluminum plate is 
placed on the left side. 
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INTRODUCTION 

FSW (friction stir welding) is one of the famous solid state weldings for joining dissimilar 
materials. Friction stir welding is a new welding innovation by Wayne Thomas in 1991 at TWI in the 
UK. [1]. In FSW, a non-consumable tool is used, and as there is no production of fumes and spatter, 
there is also no need for filler material or shielding gases. That’s why it does not harm the 
environment. The welding process has been done in three fundamental stages: Plunge, Dwell, and 
Translation [2]. Plunge is the primary phase of FSW; in this progression, the tool is rotated, and the 
tip is embedded into the workpiece. The shoulder surface is in contact with the two workpieces that 
will weld. During the welding process, a lot of heat is generated due to friction between the surface of 
the workpiece and the tool shoulder. This heat is sufficient to soften the region near the FSW tool, and 

as the tool is rotating, plastic movement and 
deformation of the material from the advanced 
side to the retreated side take place by the 
development of joints behind the motion of the 
tool. In the dwell step, the device rotates at a given 
rotational speed and is inserted into the plate at a 
particular location. The tool dwelled for some 
time to soften the material of the container. In the 
translation step, the device moves forward by 
joining the two plates. It was observed from the 
literature that 2XXX and 7XXX grades of 
aluminum have very high strength  

 
Friction stir welding was used to join different 

grades of aluminum; some authors took AA7075 
as the works piece [3–7]. Much research has been 
done on the FSW lap joint. It was observed that 
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the most critical factor is pin height and process pitch to determine faying surface lift, and there is no 
significant effect of tool tilt angle [8, 9]. 7075 aluminum alloy is a high-strength material commonly 
used in aerospace and defense applications due to its excellent mechanical properties, including high 
strength and toughness. However, it can be challenging to weld due to its susceptibility to hot 
cracking and poor weldability with traditional welding methods [10–16] 

 

Regarding welding 2024 aluminum alloy, it is also commonly used in aerospace applications due to 

its high strength and good fatigue resistance. However, 2024 aluminum is known to have poor 

weldability due to its high susceptibility to cracking during welding [12, 13]. 

 

While FSW is a viable option for welding 2024 aluminum and 7075 aluminums, it can still present 

challenges due to its tendency to form cracks during welding. Therefore, it is essential to carefully 

control the welding parameters, such as the tool rotation speed, traverse speed, and tilt angle, to 

ensure a high-quality weld with minimal cracking. 

 

In this research paper, an endeavor is made to study the simulation of the FSW process for 

AA2024, AA7075, and pure copper. L9 array is used to weld AA2024 and AA7075 with pure copper. 

The thermal stress and peak temperature are studied with the help of ALTAIR Hyperweld software.  

 

MATERIALS AND METHODS 

Selection of Materials 

In this research, dissimilar aluminum alloys 7075, 2024, and copper are selected to be welded by 

FSW to find optimized process parameters for the welded joint. Altair’s HyperWeld 2019 CAE 

software simulates the friction stir welding of AA7075, AA2024, and pure copper. In automobile and 

aircraft industries, these aluminum alloys and pure copper are extensively utilized. It is observed from 

the literature that very few investigations have been done to find out the effect on peak temperature 

due to process parameters and geometric parameters. So, in this paper, an endeavor is made to 

recognize the impact of these parameters on the welded plates utilizing the Hyper Weld module. The 

specimens are selected with a plate size of 300 mm*100 mm*6 mm [17]. The mechanical properties 

of the materials and tool are displayed in Tables 1 and 2, respectively.  

 

Selection of Tool 

H-13 steel tool pin is used to weld the plates. The tool geometry is cylindrical in shape having pin 

diameter (d = 5.5 mm), pin height (h = 5.4 mm), shoulder diameter (D = 18 mm), and shoulder length 

(L = 70 mm) as shown in Figures 1(a) and 1(b) represented how the dimension of the plate and tool 

specifications is entered in the software. Many researcher had been used H-13 steel as a tool material 

[14], [18–25]. 

 

Table 1. Aluminum alloy and Copper material properties. 

Material AA 2024 AA 7075 Copper 

Density (‘ρ’ in Kg/m3) 2780 2810 2700 

Specific Heat (‘Cp’ in J/Kg-K)  827 960 900 

Poisson Ratio(µ) 0.35 0.35 0.35 

Co-efficient of Thermal Expansion (1/K) 1*10^(-5) 1*10^(-5) 1*10^(-5) 

Young Modulus (‘E’ in N/m2)  4.00*10^10 4.00*10^10 4.00*10^10 

Solidus Temp (˚K) 775 750 889 

Liquidus Temp (˚K) 911 908 927 

Conductivity (‘K’ in W/m-K) 193 173 198 

 

Table 2. H-13 Tool material properties. 

Tool 

Material 

Density 

(‘ρ’ in Kg/m3) 

Specific Heat 

(‘Cp’ in J/Kg-K) 

Conductivity 

(‘K’ in W/m-K) 

Young Modulus 

(‘E’ in N/m2) 

Poisson 

Ratio 
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H-13 7870 460 24.3 2.1*10^11 0.35 

 
 

 
Figure 1. (a) Tool geometry, (b) Tool and workpiece data. 

 

Table 3. Input Process parameters values and their levels. 

Level A B C 

 Rotational speed (r.p.m) Welding speed (mm/s) Tool tilt angle(degree) 

Level 1 500 0.1 1 

Level 2 1000 0.2 2 

Level 3 1500 0.3 3 

 

 

EXPERIMENTAL DESIGN USING TAGUCHI METHOD 

In this research, plates of 6 mm thickness of AA 2024 and AA 7075 is friction stir butt welded with 

pure copper using Hyper-weld software of Altair’s. In this investigation rotational speed (R.P.M), 

welding speed (W.S), and tilt angle are taken as process parameters with three levels. The values of 

the parameters and their symbol were listed in Table 3. 

Rotational speed, welding speed, and tool tilt angle are selected with three levels for L9 orthogonal 

design. Firstly, AA2024 and copper are welded together, with AA2024 placed on the retreating side 

and copper plate on the advance side. This research considers the effects of process parameters, not 

the interactions between them. Nine experiments were done to measure maximum temperature and 

residual stresses during the welding. Then, AA 2024 and copper are welded together, with AA 2024 

(a) 

R2.75 

R9 

5
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7
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placed on the left side and the copper plate on the right. Similarly, AA 7075 and copper are welded 

together. The virtual experiments are performed on different combinations of processed parameters, 

as shown in Figure 2. The initial temperature of the plate is taken as 30˚C, and the handle, top surface, 

and bench convection coefficient are taken as 7,14 and 210 W/m2-C, respectively. 

 

RESULTS AND DISCUSSION 

The present simulations have been done for welding AA 2024 and AA 7075 with copper with three 

levels of different input parameters. Table 4 represented the maximum temperature and residual 

stresses simulated during the welding of AA 2024 and copper when AA 2024 is placed on the left side 

and copper plate on the right side. Signal to noise ratio is also calculated concerning temperature and 

stress for all sets. 

 

It is observed from the Table 4 maximum temperature = 852.7 ˚ C and minimum residual stress = 

14.22 MPa is simulated with experiment no. 7 ( RPM = 1500, W.S = 0.1 mm/s and tool tilt angle = 

3˚). And minimum temperature = 533.7 ˚ C and maximum residual stress 29.8 MPa is simulated with 

experiment no. 1 ( RPM = 500, W.S = 0.1 mm/s and tool tilt angle = 1˚)  

 

It is clear from Table 5 and Table 6 that rotation speed has more impact on temperature concerning 

the other two parameters as the delta value of R.P.M is very large compared with others. 

 

 
Figure 2. Process Parameter Information. 

 

Table 4. Orthogonal array with S/N ratio when 2024 on the left side and copper on the right side. 

 R.P.M Welding 

speed 

(mm/s) 

Tilt angle 

(dgree ) 

Temperature 

(°𝑪) 

S/N ratio 

(w.r.t temp.) 

Stress 

(MPa) 

S/N RATIO 

(w.r.t stress) 

1 500 0.1 1 533.7 54.5459 29.8 -29.4872 

2 500 0.2 2 535.9 54.5817 29.71 -29.4581 

3 500 0.3 3 537.5 54.6076 21.69 -29.9827 

4 1000 0.1 2 722.8 57.1816 17.45 -24.8359 

5 1000 0.2 3 722.9 57.1828 18.54 -25.3622 

6 1000 0.3 1 696.6 56.8597 19.11 -25.6252 

7 1500 0.1 3 852.7 58.6169 14.22 -23.0580 

8 1500 0.2 1 824.8 58.3291 14.48 -23.2094 

9 1500 0.3 2 826.8 58.3480 14.27 -23.0885 

Table 5. Signal to Noise Ratios for Larger is better. 
Level R.P.M W.S Tilt angle 

1 54.58 56.78 56.58 

2 57.07 56.70 56.70 

3 58.43 56.61 56.80 
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Delta 3.85 0.18 0.22 

Rank 1 3 2 

 

Table 6. Signal to Noise Ratios for Smaller is better. 
Level R.P.M W.S Tilt angle 

1 -29.64 -25.79 -26.11 

2 -25.27 -26.01 -25.79 

3 -23.12 -26.23 -26.13 

Delta 6.52 0.44 0.34 

Rank 1 2 3 

 
Al on the left side, minimum temperature and stress profile 

 
 

Al on the left, side maximum temperature and stress profile 

 
 

Al on the left side, minimum temperature and stress profile 

(a) 

(b) 
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Al on the left, side maximum temperature and stress profile 

 
Figure 3. Temperature and Stress profile of AA2024 and Copper weld. 

 

Table 7. Orthogonal array with S/N ratio when 2024 on the right side and copper on the left side. 

 R.P.M Welding 

speed 

(mm/s) 

Tilt 

angle 

(dgree ) 

Temper

ature 

(°𝑪) 

S/N 

RATIO(w.r

.t temp.) 

Stress 

(MPa) 

S/N RATIO 

(w.r.t stress) 

1 500 0.1 1 849.8 58.5863 159.91 -35.5500 

2 500 0.2 2 1219 61.7201 16.74 -24.4751 

3 500 0.3 3 1229 61.7910 16.09 -24.1311 

4 1000 0.1 2 924.4 59.3172 110.0 -40.8279 

5 1000 0.2 3 916.8 59.2455 121.9 -41.7201 

6 1000 0.3 1 903.4 59.1176 114.2 -41.1533 

7 1500 0.1 3 1132 61.0769 63.05 -35.9937 

8 1500 0.2 1 1126 61.0308 58.02 -35.2716 

9 1500 0.3 2 1101 60.8357 65.53 -36.3288 

 

Figure 3 represented the maximum temperature and residual stresses simulated during the welding 

of AA 2024 and copper when AA 2024 is placed on the left side and copper plate on the right side. 

 

It is observed from Table 7, maximum temperature = 1229°C and minimum residual stress = 16.09 

MPa is simulated with experiment no. 3, and minimum temperature = 849.8°C and maximum residual 

stress 159.91 MPa is simulated with experiment no. 1.  

It is clear from Table 8 and Table 9 that rotation speed has more impact on temperature concerning 

(c) 

(d) 
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the other two parameters as the delta value of R.P.M is very large compared with others. 

 

Table 8. Signal to Noise Ratios for Larger is better. 
Level R.P.M W.S Tilt angle 

1 60.70 59.66 59.58 

2 59.23 60.67 60.62 

3 60.98 60.58 60.70 

Delta 1.75 1.01 1.13 

Rank 1 3 2 

 

Table 9. Signal to Noise Ratios for smaller is better. 

Level  R.P.M W.S Tilt angle 

1  -28.05 -37.46 -37.32 

2  -41.23 -33.82 -33.88 

3  -35.86 -33.87 -33.95 

Delta  13.18 3.63 3.45 

Rank  1 2 3 

 
Al on the right side, minimum temperature and stress profile 

 

 

Al on the right, side maximum temperature and stress profile 

 

 

(a) 

(b) 
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Al on the right side, minimum temperature and stress profile 

 

Al on the right, side maximum temperature and stress profile 

 

Figure 4. Temperature and Stress profile of AA2024 and Copper weld. 

 

It is observed from the Table 10 maximum temperature = 1262 ˚ C and minimum residual stress = 

24.70 MPa is simulated with experiment no. 7 ( R.P.M = 1500, W.S = 0.1 mm/s and tool tilt angle = 

3˚). And minimum temperature = 793.8 ˚ C is simulated with experiment no. 1 ( R.P.M = 500, W.S = 

0.1 mm/s and tool tilt angle = 1˚), but maximum residual stress 44.03 MPa is simulated with 

experiment no. 3 ( R.P.M = 500, W.S = 0.3 mm/s and tool tilt angle = 3˚). 

 

Table 10. Orthogonal array with S/N ratio when 7075 on the right side and copper on the left side. 

R.P.M Welding speed 

(mm/s) 

Tilt angle 

(dgree ) 

Temperature 

(°𝑪) 

S/N RATIO 

(w.r.t temp.) 

Stress 

(MPa) 

S/N RATIO 

(w.r.t stress) 

500 0.1 1 793.4 57.9898 41.37 -32.3337 

500 0.2 2 794.6 58.0030 41.43 -32.3463 

500 0.3 3 794.7 58.0041 44.03 -32.8750 

1000 0.1 2 1061 60.5143 27.99 -28.9401 

1000 0.2 3 1052 60.4403 30.60 -29.7144 

1000 0.3 1 1029 60.2483 29.55 -29.4111 

1500 0.1 3 1262 62.0212 24.70 -27.3247 

1500 0.2 1 1247 61.9173 23.24 -27.8539 

1500 0.3 2 1227 61.7769 23.85 -27.5498 

It is clear from Table 11 and Table 12 that rotation speed has more impact on temperature 

(c) 

(d) 
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concerning the other two parameters as the delta value of R.P.M is very large compared with others. 

 

Table 11. Signal to Noise Ratios for Larger is better. 

Level R.P.M W.S  Tilt angle 

1 58.00 60.18 60.05 

2 60.40 60.12 60.10 

3 61.91 60.01 60.16 

Delta 3.91 0.17 0.10 

Rank 1 2 3 

 

Table 12. Signal to Noise Ratios for smaller is better. 

Level R.P.M W.S Tilt angle 

1 -32.52 -29.71 -29.69 

2 -29.36 -29.80 -29.61 

3 -27.58 -29.95 -30.15 

Delta 4.94 0.24 0.54 

Rank 1 3 2 

 
Al on the right side, minimum temperature and stress profile 

 

 

Al on the right, side maximum temperature and stress profile 

 

(a) 

(b) 
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Al on the right side, minimum temperature and stress profile 

 

 

Al on the right, side maximum temperature and stress profile 

 

Figure 5. Temperature and Stress profile of AA7075 and Copper weld. 

 

Figure 4 & 5 represented the maximum temperature and residual stresses simulated during the 

welding of AA 7075 and copper when AA 7075 is placed on the left side and copper plate on the right 

side. It is observed from all experiments that more temperature is generated when copper plate put on 

left side. 

 

CONCLUSIONS 

FSW reenactments are performed on Altair’s HyperWeld to simulate the maximum temperature 

and minimum residual stresses.The following conclusions are predicted after the investigation: 

• Maximum temperature and minimum residual stress are observed as 852.7˚ C and 14.22 MPa, 

respectively, during the FSW of AA2024 and copper when A.A. 2024 on the left side in 

experiment number 7. 

• Maximum temperature and minimum residual stress are observed as 1229˚ C and 16.04 MPa 

during the FSW of AA2024 and copper when A.A. 2024 right plate with process parameter 

R.P.M. = 500, W.S. = 0.3 mm/s and tool tilt angle = 3˚,  

(c) 

(d) 
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• More heat is generated when the copper plate is placed on the left side. 

• Maximum temperature and minimum residual stress are observed as 1262˚ C and 24.70 MPa, 
respectively, during the FSW of AA7075 and copper when AA7075 right plate with process 

parameter R.P.M. = 1500, tool tilt angle = 3˚and W.S. = 0.1 mm/s. 

• Tool rotational speed significantly affects temperature rise during the friction stir welding of 

AA2074 and AA7075 with copper concerning the other two parameters. 
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