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Fatigue property evaluation of 7075/6061 aluminum alloy TIG
welded overlap joints
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(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China;
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Abstract: Constant-amplitude fatigue tests were conducted on overlap specimens of 7075/6061 aluminum alloy TIG fillet weldes.
Subsequently, detailed finite element models were developed based on both the hot spot stress method and the critical distance
method. The range of maximum principal stress variation was from these models as a fatigue evaluation index for further analysis.
By combining the results of finite element stress-strain analysis with the S-N curve recommended by the International Institute of
Welding (IIW), the fatigue lives of the weld joints under various loadings were estimated. Testing revealed that specimens primarily
fractured at the weld toes on the 7075 side. The maximum stress-strain concentration points in the finite element model were located
at the weld toe on the 7075 side, aligning closely with the actual fracture locations. By comparing the predicted fatigue lives with the
actual test results, it was determined that the hot spot stress method can predict the fatigue life of TIG welds more accurately. After
correcting for plate thickness, the prediction errors were within a factor of two in the low-cycle fatigue range. Both the point method
and the line method within the critical distance method can predict hot spot stress, but the point method yields more precise results

than the line method.

Key words: TIG welding; hot spot stress method; critical distance method; fatigue life; finite element analysis
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Material Zn Mg Cu Si Cr Fe Mn Ti Al
7075 5.1-6.1 2.1-2.9 1.2-2.0 <04 0.18-0.28 <0.5 <03 <0.2 Bal.
6061 0.25 0.8-1.2 0.15-0.4 0.4-0.8 0.04-0.35 0.7 0.15 0.15 Bal.
ER5356 <0.1 4.5-5.5 <0.1 <0.25 0.05-0.2 <04 0.05-0.2 0.06-0.2 Bal.
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Table 2 Results of fatigue tests
Number ;t:z;;ge ir(r);jitu de/N Life/cycle Fracture position
W01 3300 2800 4037 Weld toe on 7075 side
W08 3300 2400 9951 Weld toe on 7075 side
W03 3300 2200 6676 ( break at the seam time ) Weld seam on 7075 side, weld seam on 6061 side
WO5 3300 2000 14881 Weld toe on 7075 side
Wo06 3300 1800 14743 Weld toe on 7075 side
W07 3300 1600 14504 ( break at the seam time ) Weld seam on 7075 side, weld seam on 6061 side
W09 3300 2600 8099 Weld toe on 7075 side
w10 3300 1400 59627 Weld toe on 7075 side
W12 3300 1500 21521 Weld toe on 7075 side
Y01 3300 1200 79611 Weld toe on 7075 side
Y02 3300 1700 29143 Weld toe on 7075 side
Y03 3300 1000 145616 Weld toe on 7075 side
Y04 3300 2900 6150 Weld toe on 7075 side
Y05 3300 3000 7144 Weld toe on 7075 side ( firstly )
7144 Weld seam on 6061 side ( lastly )
Y06 3300 3200 442 Weld seam on 6061 side ( firstly )
506 Weld toe on 7075 side (lastly )
Y07 3300 3100 3449 Weld toe on 7075 side
Y08 3300 3150 3818 Weld toe on 7075 side
Y09 3300 1100 137043 Weld toe on 7075 side
Y11 3300 2100 9233 Weld toe on 7075 side
Y13 3300 1300 36482 Weld toe on 7075 side

Note: The W-series specimens in the table are from the same weldment with the same weld joint. The Y-series specimens are from
another weldment. The same welding process is used for both series. As shown in Fig.2 (a) , when the specimen is broken, two

weld seams are almost broken at the same time. Two brittle sounds are heard in a moment,

fracture sequence.

so it is difficult to distinguish the
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Table 3 Material properties

Material Modulus of elasticity/MPa  Poisson’s ratio
7075 72800 0.33
6061"" 67800 0.33
ER5356" 71400 031
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Fig. 7 Model material assignment
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Table 4 Comparison between test value and calculated value of fatigue strength of specimens

N Nominal Hot spot Fatigue strength/MPa Relative errot/%
umber stress/MPa stress/MPa Point method Line method Point method Line method

WO1 155.56 558.79 579.21 583.48 3.65 4.42
W08 133.33 479.31 496.8 500.48 3.65 4.42
WO05 111.11 399.14 413.72 416.77 3.65 4.42
Wo06 100 359.22 372.35 375.10 3.65 4.42
W09 144.44 518.88 537.84 541.81 3.65 4.42
W10 77.78 279.40 289.61 291.74 3.65 4.42
W12 83.33 299.35 310.29 312.58 3.65 4.42
Y01 66.67 239.48 248.23 250.07 3.65 4.42
Y02 94.44 339.27 351.66 354.26 3.65 4.42
Y03 55.56 199.57 206.86 208.38 3.65 4.42
Y04 161.11 578.75 599.90 604.32 3.65 4.42
Y07 172.22 618.66 641.27 646.00 3.65 4.42
Y08 175 628.64 651.61 656.42 3.65 4.42
Y09 61.11 219.52 227.55 229.23 3.65 4.42
Y11 116.67 419.10 434.41 437.61 3.65 4.42
Y13 72.22 259.44 268.92 270.90 3.65 4.42
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