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Influence of Weld Variables on

Joint Strength of AZ61 Magnesium Alloy Sheet
under Friction Stir Welding
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Abstract: Recently friction stir welding (FSW) method has been applied to lightweight industry owing to
the several merits such as low joining defect and high effectiveness. In this study two-way factorial
design method was used to evaluate the effect of joint conditions on its yield strength with friction stir
welded AZ61 alloy. Joint variables were rotating speed and travel speed of tool, and their levels were
1,000, 1,500 and 2,000 rpm, and 100, 150 and 200 mm/min, respectively. The uniaxial tension tests were
carried out for the variance analysis of yield strength, and ahardness measurements and microstructure
observations were performed at welded part as well. From the outcomes, the variance analysis resulted in
contributiveness of rotation speed of 86% and that of travel speed of 13% to the yield strength.
Moreover, the optimal condition of yield strength was found as the rotation speed of 1,000 rpm and
welding speed of 150 mm/min, and the presumed yield strength under the conditions was estimated to be
a range of 168.93 + 4.59 MPa in the 95% confidence interval. In addition, microstructure observation and
hardness measurement were shown the crystal grain and hardness of the highest yield strength condition
was refiner and higher than those of lowest yield strength condition.
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Table 1 Mechanical properties of AZ61

Tensile Yield | Reduction Eloneation | Hardness
strength | strength of area (0%) HY
(MPa) | (MPa) (%) ’

310 210 25 13 60

Table 2 Chemical composition of AZ61 (Wtt.%)

Al | Zn Mn Fe Ni Si Cu | Mg

6.5 0.95 | 0.325 |<0.005|<0.005| <0.1 |<0.05 | bal.
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Fig. 1 Experimental equipments for FSW
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Table 3 Dimensions of tool for experiment

Shoulder Pin root Pin
Item Diameter Diameter Length
(mm) (mm) (mm)
Dimension 12 4 1.5

Table 4 Factors and each levels for experiment

Factors Level 1 Level 2 Level 3
Travel speed
A(mm/min) 100 150 200
Rotation speed 1000 1500 2000
B(rpm)
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Fig. 2 Tension tester(a) and hardness measurement

system(b)

Fig. 3 Welding surface with various welding
conditions
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Table 5 Results of variance analysis

/;Iigzg s @ v F, | F0.05)
A 23126| 2 115.63| 2352 6.94
B 1465.63| 2 732.82| 149.03| 6.94
E 1967 4 492 1.00
T 1716.56| 8 853.36
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Table 6 Estimated yield strength for each factors

Point Confidence
Factors . . K + -
estimation interval
Ay 147.75 3.55 151.31 | 144.20
A, 153.97 3.55 157.52 | 150.41
A; 141.56 3.55 145.10 | 138.00
B, 162.72 3.55 166.28 | 159.17
B> 149.01 3.55 152.56 | 145.45
B; 131.54 3.55 135.09 | 127.99
95% 168.93 4.59 173.52 | 164.35
170 170
160 160
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Fig. 4 Yield strength vs.
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Fig. 5 Contribution of weld factors
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Fig. 6 Microstructure of stir zone under A3B3(a)
and A2B1(b) conditions
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Fig. 7 Hardness of welded zone under A2B1 and
A3B3 conditions
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