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Fatigue fracture behavior of SA06 aluminum alloy and
its welded joint
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(College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Fatigue testing fracture behavior was researched on 5A06 antirust aluminum alloy and its welded joints. The
fatigue properties, microstructure, fatigue crack propagation character and fatigue fracture were investigated by fatigue
test, optical microscopy (OM) and scanning electronic microscopy (SEM). Under cycle times of 2X 10°, the fatigue
strengths of base metal (BM), butt joint (BJ), transverse cross joint (TJ), lateral connection joint (LJ) and longitudinal
cross joint(LCJ) are 99.97, 70.96, 57.48, 48.20 and 41.80 MPa, respectively. The fatigue crack initiation site is in the
smallest section for base metal, the crack initiation is in the weld toe and the crack propagates along the HAZ for the BJ
and TJ, the crack initiation is in the fillet weld leg for the LJ, the crack initiation is in HAZ for the LCJ, the micro-crack
propagates for transgranular and intergranular. The fatigue macro-fracture shows a dark gray fibrous fracture patterns and
has some plasticity, the micro-fracture surface consists of quasi-cleavage patterns, spherical hole, fatigue striation and
dimple, and numerous secondary cracks are observed.
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Table 1 Chemical compositions of SA06 and ER5356 (mass
fraction, %)

Alloy Mg Mn Zn Fe Si
5A06 6.0 0.70 0.20 0.40 0.40
ER5356 5.44 0.147 0.011 0.151 0.064

Alloy Cu Ti Be Others
5A06 0.10 0.03 0.000 2 0.10
ER5356 0.007 9 0.129 0.102
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Table 2 Mechanical properties of 5A06 and ER5356 at room

temperature
Tensile Yield Elongation/
Alloy
strength/MPa  strength/MPa %
5A06 220-250 110250 7-8
ER5356 230 180 8
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Table 3 Welding process parameters

Joint Welding current, Welding voltage, Welding speed,

type I/A uv v/(mms )
BJ 170-180 12-15 2.8-3.0
TJ 170-180 12-15 2.4-2.9
LJ 180-190 12-15 2.4-2.9
LCJ 170-180 12-15 2.5-2.9
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Fig. 2 Metallograph of 5A06 base metal
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Fig. 3 Metallographs of 5A06 aluminum alloy butt joint:
(a) Weld center; (b) HAZ
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Table 4 Fatigue test results of 5A06 aluminum alloy and its welded joints

Sample Nominal stress range, Acpo,/MPa Cycle number/10° Disabled position
No. Base metal BJ TJ L] LCJ] Basemetal BJ TJ LJ LCJ Base metal ~ Welded joint
1 120 90 80 75 80 0.635 0.392 0.311 0.582 0.192 Ingage length  Weld toe
2 115 85 75 70 70 1.177 0.652 0.339 0.687 0.410 1Ingagelength  Weld toe
3 110 80 70 65 65 0.682 1.032 0.685 0.545 0.359 Ingagelength  Weld toe
4 105 75 65 60 60 1.050 3.078 0.733 0.735 0.594 1Ingagelength  Weld toe
5 100 70 60 55 55 1.958 1.576 0.899 0.848 0.570 In gage length  Weld toe
6 90 65 55 50 50 2.958 2.043 2389 1.589 0.605 Ingagelength  Weld toe
7 45 45 2.132 1.198 Ingagelength  Weld toe
8 95 60 50 40 40 5.104 5.000 7.511 5.000 1.584 Unfaulted Unfaulted
9 85 35 5.038 5.300 Unfaulted Unfaulted
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Table 5 Parameters of S—AN curves for 5A06 aluminum alloy

10!
A and its welded joints

Material constant, m Material ~ Fatigue Correlation
constant, stress range, coefficient,
tYP®  Result Deviation C, Ao, /MPa r

Joint

Base
metal

Bl  6.78 0.19  7.01X10"® 70.96 0.895
TJ  6.96 0.15 3.52X10"® 57.48 0.958

e — Butt joint

A— Tranéverse cross joint L] 378 0.14  4.60X10"7 48.20 0.953

101 v— Longitudinal cross joint 12
I *+— Lateral connection join LCJ] 3.77 0.13  2.45X10 41.80 0.937

100F 7.69 0.17 478x10* 9997 0.901

= — Base metal

Stress range, Ac/MPa

10?
Cycles number to failure/10°
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Fig. 4 S—N curves of 5A06 Al alloy and its welded joints BT AT, SRR 5 R
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Fig. 5 Fatigue fracture position of aluminum alloy and its welded joint: (a) Base metal; (b) Butt joint; (c) Transverse cross joint;

(d) Lateral connection joint; (e), (f) Longitudinal cross joint
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Fig. 6 Microstructure showing fatigue crack propagation of
aluminum alloy: (a) Crack; (b) Crack tip; (c) Partially enlarged
image of Fig.6(b)
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Fig. 7 Microstructure showing fatigue crack propagation of

aluminum alloy butt joint
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Fig. 8 Macrostructure of fatigue fractures of aluminum alloy welding joint: (a) Butt joint; (b) Transverse cross joint; (¢), (d) Lateral
connection joint; (e) Longitudinal cross joint
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Fig. 9 SEM images of fatigue fracture sections of aluminum alloy joints: (a) Butt joint; (b), (c), (d), (¢) Transverse cross joint;
(f) Lateral connection joint; (g), (h) Longitudinal cross joint
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