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High-cycle fatigue and crack initiation behavior of 7449 alloy
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Abstract: The high-cycle fatigue and crack initiation behavior of 7449-T7951 alloy were investigated. The fatigue-life
tests were carried out over a range of stress amplitudes with the stress ratio (R) of 0.5 and —1.0 at room temperature for
both smooth and notch specimens, respectively. Further researches were performed with the help of optical microscopy,
scanning electron microscopy and transmission electron microscopy, in order to reveal the relationship between
microstructure and fatigue crack initiation behavior of this alloy. The results show that 7449-T791 alloy has an excellent
fatigue property. The fatigue limit (on) of smooth specimens is 349 MPa for R=0.5 and 134 MPa for R=—1.0. While it still
remains 138 MPa for R=0.5 and 70 MPa for R=—1.0 by using notch specimens with the notch factor (K}) of 3.0. The crack
initiation behavior of this alloy can be related to the result of a joint influence of inclusions, precipitations, grain
structures and their interactions with dislocations or persistent slip bands.
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Table 1 Tensile properties of 7449-T7951 alloy

Specimen oy 002/ o/ E/

Condition orientation MPa MPa % GPa
L 628.0 5943 9.0 72.0

T7951
LT 610.0 5843 10.5 71.5
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Fig. 1 Microstructures of 7449-T7951 alloy: (a) Schematic

image for 3D optical microstructure; (b) TEM image of

intragranular precipitates
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Fig. 2 Fatigue life curves of 7449-T7951 alloy: (a) R=0.5; (b)
R=1.0
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Table 2  Fatigue limit and notch sensitivity of smooth

specimen and notch specimen

Specimen  Stress  Notch on/

.. . onN/o
Condition ratio factor MPa NE02 a

K=1.0 349.0 582
R=0.5 0.769
K=3.0 1375 229
7449-T7951

K=1.0 1335 223
R=1.0 0.459
K=3.0 69.6 11.6
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Fig. 3 Fatigue fractographies of smooth specimens (N;=2X 10°): (a) Three different fracture regions; (b) Fatigue crack initial stage;

(c) Region of stable crack growth; (d) Fast fracture zone
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Fig. 4 SEM images of crack initiation at secondary phase((a), (c)) and corresponding EDS results((b), (d))
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Fig. 5 Crack initiation and propagation behavior at early stage in 7449 alloy: (a) Crack bifurcation, zone 4; (b), (c) Crack deflection,
zones B and C; (D) Crack initiation by PSB, zone D
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Fig. 6 SEM images of crack initiation at edge of specimen and propagation along brittle inclusions and corresponding atoms

mapping: (a) Crack initiation and propagation; (b) Cu atom map; (c) Fe atom map; (d) Mg atom map; (¢) Zn atom map; (f) Al atom

map
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Fig. 7 Schematic diagram of crack initiation and propagation at early stage in 7449 alloy: (a) Interaction between grain boundaries
and PSB; (b) TEM image of slip bands (after loading for about 15 000 cycles, 0,,,x=420 MPa, R=0.5)
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Fig. 8 Schematic diagram of crack initiation and propagation at early stage in 7449 alloy under influence of precipitates:

(a) Mechanism of inclusion and precipitates in micro crack initiation; (b)TEM image of grain boundary(after loading for about

15 000 cycles, 0,=420 MPa, R=0.5)
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