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Abstract 
This investigation represents the effects of parameters of friction stir welding on tensile strength and hardness during welding of 

Aluminium Alloy 6105. A fabricated FSWM set up was used for welding. A high carbon steel tool having 18 mm shoulder 

diameter and 5.5 mm pin diameter has been used. It was noted that for the friction stir welding of aluminium alloy 6105, 

maximum tensile strength is 0.0912 KN/mm
2
, which is obtain at 1250 rpm tool rotation speed, 25 mm/min welding speed and 0

0 

tilt angle. It was also noted that the maximum vicker hardness is 65.7 which is obtain at 1550 rpm rotational speed, 35 mm/min 

welding speed and 0.5
0
 tilt angle. 
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1. INTRODUCTION 

Friction stir welding is a solid state joining process in which 

material is welded without melt and recast. It is mostly used 

in the construction of railway carriages worldwide, 

automation industries, fabrication work, construction of 

marine vessels and for the large production of aluminium 

panels, which are prepared from aluminium extrusions.[1] 

Friction stir welding mostly suitable for joining for 

dissimilar aluminium alloys. 

 

From the study of published available literature, it is noticed 

that friction stir welding seems to be more advantageous as 

compare to other welding technique. It offer several 

advantages such as good weld appearance, Improve 

strength, ductility, resistance to corrosion, fine grain 

structure and welded surface is free of porosity with lower 

distortion. [2,3,4] In FSW process, a non consumable 

rotating tool, consisting of a shoulder and a profile probe or 

pin, is forced down into the joint line under conditions 

where the frictional heating is sufficient to raise the 

temperature of the material to the range where it is 

plastically deformed. Study report that different input 

parameters like tool rotational speed, welding speed and tilt 

angle have an important effect on tensile strength and 

hardness of the weld joint [5-8]. But the optimization of 

friction stir welding parameters of aluminium alloy 6105 

using taguchi technique has not been reported yet. 

 

This paper is reported effect of various input parameters of 

friction stir welding on aluminium alloy 6105. 

 

2. EXPERIMENTAL PLANNING 

The friction stir welding process is performed on vertical 

milling machine. Friction stir welds were made on the plates 

of aluminum alloy 6105. The plates were cut from the sheet 

of aluminum alloy material. Single- pass friction stir butt 

joint was made using a friction stir welding tool which was 

fabricated from a material H13. The total length of the tool 

is 125mm. The shoulder diameter is 18mm and pin diameter 

is 5.5mm. The welded plate is in rectangular shape with a 

size of 150mm×100mm×6mm. The used welding 

parameters are tool rotational speed, welding speed and tool 

tilt angle. The weld plates are suitably clamped in the 

suitable fixture for hold the plates in such a manner that both 

the plates cannot move from its position during the welding 

process. The fixture provides a base to place the plates for 

ensuring the proper flat position for the welding process. 

Many conditions are seen during the welding process when 

tool rotational speed is low, then welding become hard and 

welding process produce noise due to the improper heating 

and mixing of the material. The heat is also effect the type 

of chips produced during the welding process 

 

Fig. 1 Friction Stir Welding 
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3. RESULT AND DISCUSSION 

The effects of process parameters of developed Friction Stir 

Welding setup such as the tool rotational speed, welding 

speed and tilt angle on TS (KN/mm
2
) and hardness during 

welding of aluminium alloy 6105 are analyses through 

various graphs. 

 

 

 

3.1 Effect of Various Parameters on Tensile 

Strength 

Table 1 represent the experiment results obtained during the 

friction stir welding of aluminium alloy 6105. The result i.e. 

Tensile Strength and S/N Ratio were obtained at variation of 

the tool rotational speed 950 to 1550 rpm, welding speed i.e. 

from 25 to 45 mm/min and tilt angle i.e. from 0 to 1 degree. 

 

 

Table 1: Testing result of Tensile Strength and Signal to Noise Ratios 

S. No 
Rotational 

speed(rpm) 

Welding 

speed(mm/min) 

Tilt angle 

(degree) 

Tensile strength     

(KN/mm
2
) 

SNRA 

1 950 25 0 0.085 -21.4116 

2 950 35 0.5 0.078 -22.1581 

3 950 45 1 0.067 -23.4785 

4 1250 25 0.5 0.082 -21.7237 

5 1250 35 1 0.084 -21.5144 

6 1250 45 0 0.087 -21.2096 

7 1550 25 1 0.079 -22.0475 

8 1550 35 0 0.076 -22.3837 

9 1550 45 0.5 0.072 -22.8534 
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Fig. 2: Mean effect plots for means on Tensile Strength 

 

 

Figure 2 shows effect of various FSW process parameters on 

the mean of S/N Ratio of tensile strength plotted utilizing 

the welding result obtained. From the figure, it is observed 

that the mean value of the mean of S/N Ratio of tensile 

strength rises constantly by increasing the value of rotational 

speed from 950 to 1250 rpm and after that the mean of S/N 

Ratio of TS is decreased by increasing the rotational speed 

from 1250 to 1550 rpm. The mean of S/N ratio of TS is 

decreased by increasing the welding speed from 25 to 35 

mm/min and from 35 to 45 mm/min. The mean of S/N Ratio 

of TS is decreased by increasing the tilt angle from 0 to 0.5 

degree and from 0.5 to 1 degree 
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Table 2 Response table for Signal to Noise Ratios Larger is better 

Level Rotational speed(rpm) Welding speed(mm/min) Tilt angle (degree) 

1 
-22.35 -21.73 -22.82 

2 
-21.48 -22.18 -22.09 

3 
-22.43 -22.36 -22.35 

Delta 
0.95 0.63 0.52 

Rank 
1 2 3 

 

 

Table 2 shows the ranking of FSW parameters for 

optimizing the tensile strength. It can be observed that 

rotational speed has the largest effect on the tensile strength 

of aluminium alloy 6105. The tilt angle has the smallest 

effect on the tensile strength. 

 

 

 

3.2 Effect of various parameters on Vicker 

Hardness 

Table 3 show the experiment results obtained during the 

friction stir welding of aluminium alloy 6105. The result i.e. 

Vicker Hardness and S/N Ratio were obtained at variation of 

the tool rotational speed 950 to 1550 rpm, welding speed i.e. 

from 25 to 45 mm/min and tilt angle i.e. from 0 to 1 degree 

 

Table 3: Testing result of Vicker hardness and Signal to Noise Ratios 

S. No 
Rotational 

speed(rpm) 

Welding 

speed(mm/min) 

Tilt angle 

(degree) 

Avg. Vicker 

hardness 

SNRA 

1 
950 25 0 

51 34.1514 

2 
950 35 0.5 

55 34.8073 

3 
950 45 1 

36 31.1264 

4 
1250 25 0.5 

54 34.6479 

5 
1250 35 1 

56 34.9638 

6 
1250 45 0 

36 31.1261 

7 
1550 25 1 

44 32.8691 

8 
1550 35 0 

57 35.1175 

9 
1550 45 0.5 

59 35.4170 
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Fig. 4: Mean effect plots for means on Hardness 

 

 

Figure 4 shows effect of various FSW parameters on the 

mean of S/N Ratio of plotted utilizing the welding results 

obtained. From the figure, it is observed that the mean value 

of the mean of S/N Ratio of VHN rises constantly by 

increasing the value of rotational speed from 950 to 1250 

rpm and from 1250 to 1550 rpm. The mean of S/N Ratio of 

VHN is increased by increasing the welding speed from 25 

to 35 mm/min after that the mean of S/N Ratio of VHN is 

decreased by increasing the welding speed from 35 to 45 

mm/min. The mean of S/N Ratio of VHN is increased by 

increasing the tilt angle from 0 to 0.5 degree after that the 

mean of S/N Ratio of VHN is decreased by increasing the 

tilt angle from 0.5 to 1 degree. 

 

Table 4 Response table for Signal to Noise Ratios Larger is 

better 

Level 
Rotational 

speed(rpm) 

Welding 

speed(mm/min) 

Tilt 

angle 

(degree) 

1 33.36 33.89 33.46 

2 33.58 34.96 34.96 

3 34.47 32.56 32.99 

Delta 1.11 2.41 1.97 

Rank 3 1 2 

 

Table 4 shows the ranking of FSW parameters for 

optimizing the hardness of welded joint. It can be observed 

that welding speed has the largest effect on the hardness of 

aluminium alloy 6105. The rotational speed has the smallest 

effect on the hardness of welded joint. 

 

Estimation of Optimum Performance 

Characteristics 

For calculating the maximum value of tensile strength, 

firstly select the maximum value of tool rotational speed. 

Secondly select the maximum values of welding speed and 

then select the maximum value of tilt angle. 

 

Tensile Strength (TS) = N2 + S1 + A1 – 2T 

 

Where, T = overall mean of tensile strength 

N2 = average tensile strength at second level of tool 

rotational speed i.e. 1250 rpm. 

S1 = average tensile strength at first level of welding speed 

i.e. 25 mm/min. 

A1 = average tensile strength at first level of tilt angle of tool 

i.e. zero degree. 

TS = 0.08433 + 0.082 + 0.082666 – 2×0.07888 

TS = 0.0912 KN/mm
2 
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Estimation of Optimum Performance 

Characteristics 

Vicker Hardness (VHN) = N3 + S2 + A2 – 2T 

 

Where, T = overall mean of vicker hardness 

N3 = average vicker hardness at third level of tool rotational 

speed i.e. 1550 rpm. 

S2 = average vicker hardness at second level of welding 

speed i.e. 35 mm/min. 

A2 = average vicker hardness at second level of tilt angle of 

tool i.e. 0.5 degree. 

VHN = 53.33 + 56 + 56 – 2×49.77 

VHN = 65.7 

 

4. CONCLUSION 

 It is noted that for the friction stir welding of 

aluminium alloy 6105, maximum tensile strength is 

0.0912 KN/mm
2
, which is obtain at 1250 rpm tool 

rotation speed, 25 mm/min welding speed and 0
0 

tilt 

angle 

 It is also noted that the maximum Vicker,s hardness is 

65.7 which is at 1550 rpm rotational speed, 35 mm/min 

welding speed and 0.5
0
 tilt angle. 
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