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Abstract: Friction Stir Welding (FSW) is useful technique to join aluminum alloy with energy efficient and
environment friendly. In this paper, the design of experiment with three-way factorial design was adopted
for optimum conditions of welding variables in the FSW of Al 6061 alloy. Tools of shoulder diameter of
9, 12, 15 mm and pin length of 1.5 mm were used. Also the material’s dimension for welding were
2x100x150 mm, and the tensile specimens were worked by water-jet technique. Welding variables were
shoulder diameter, rotating speed and travel speed of tool. From the results of this work, the welding
factor influenced on yield strength most was travel speed and the optimum condition for FSW was
predicted as the shoulder diameter of 15 mm, welding speed of 500 mm/min and rotating speed of 2,000
rpm. Also the presumption range of yield strength at optimal condition of reliability 99% was estimated to
207.19+9.91 MPa.
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Table 3 Factors and each levels for experiment

Factors Level 1 Level 2 Level 3
Shoulder diameter
9 12 15
(mm), (A)
Travels speed
(mm/min), (B) 100 300 500
Rotation speed
1000 1500 2000
(rpm), (C)
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Fig. 3 The welding parts under various shoulder
diameter
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Table 4 Results of variance analysis(Before pooling)

Fac. SS |®| Ms Fo | Foos | Foon
A 1684.27 | 2 | 842.13 | 21.82 | 446 | 8.65
B | 261534 | 2| 1307.67 | 33.88 | 446 | 8.65
C 124320 | 2 | 621.60 | 16.11 | 4.46 | 8.65

AxB | 28417 | 4| 71.04| 184 3.84 | 7.01

AxC 9378 | 4| 2345 | o061 | 3.84 | 7.01

BxC | 24844 | 4| 6211 | 161 | 384 | 7.01
E 308.74 | 8 | 3859
T 6477.94 | 26 | 2966.59
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Table 5 Results of variance analysis(After pooling)

Fac. SS ol MS Fo Foos) | Foon
A 1684.27 | 2 842.13 | 18.01 | 3.49 | 585
B 2615.34 | 2| 1307.67 | 27.97 | 3.49 | 585
C 1243.20 | 2 | 621.60 | 1329 | 3.49 | 585
E 935.14 |20 46.76
T 6477.94 | 26
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Fig. 7 The contribution of welding factors on yield

strength
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Table 6 Estimated yield strength of each factors

Factors | Point estimation | Confidence interval + -
Al 173.52 4.75 17828 | 168.77
A2 188.19 4.75 19295 | 183.44
A3 191.78 4.75 196.54 | 187.03
Bl 170.73 475 17549 | 165.98
B2 189.60 475 19436 | 184.85
B3 193.16 4.75 19792 | 18841
Cl 17522 4.75 17997 | 170.46
2 187.03 4.75 191.79 | 182.28
C3 191.25 4.75 196.00 | 186.49
95% 207.19 726 21446 | 199.93
99% 207.19 991 217.10 | 19729
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Fig. 8 Yield strength vs. welding factors
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