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ABSTRACT The low-cycle fatigue tests at the tempeture of 25 and 760 ‘C were performed on the Inconel 625
nickel-based superalloy welding joints. The strain-fatigue life data and cyclic stress-strain data were analyzed to
determine the strain fatigue parameters of Inconel 625 superalloy welding joints. The result showed that the
relationship between elastic strain amplitude, plastic strain amplitude and reversals to failure could be described
by Basquin and Coffin-Manson equations, respectively. Under the strain control, the continuous cyclic softening
was observed at 25 °C, however, the cyclic hardening appeared at 760 C. At 25 C, the fatigue crack of Inconel
625 superalloy welding joints initiated transgranularly at the specimen surface and propagated in the transgranular
mode. Differently, at 760 “C, the fatigue crack initiated transgranularly at the specimen surface, but propagated in
mixed transgranular and intergranular modes.
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Fig.1 Cyclic stress response curves of Inconel 625 alloy welding joint under different strain amplitudes at 25 “C (a) and 760 C (b)
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Fig. 2 Total stain amplitude versus fatigue life curves of Inconel 625 alloy welding joint at different temperatures
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Fig. 3 Plastic (a) and elastic (b) strain amplitudes versus reversals to failure curves for Inconel 625 alloy welding joint at 25 and 760 C
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Table 1 Strain fatigue parameters of Inconel 625 alloy welding joint at different temperatures

Temperature / C gil % c o't/ MPa b K’/ MPa n'
25 105.2 -0.699 1891.1 -1.148 8124.6 0.487
760 505.6 -0.105 1332.6 -0.143 972.6 0.106

Note: &¢—fatigue ductility coefficient, c—fatigue ductility exponent, o's—fatigue strength coefficient, b—fatigue strength

exponent, K'—cyclic strength coefficient, n'—cyclic strain hardening exponent
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Fig.4 Cyclic stress-strain curves for Inconel 625 welding joint
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Fig.5 Micrographs of fatigue fracture surfaces at 25 °C for Inconel 625 alloy welding joint (The arrow indicates the surface of

specimen )
(a) crack initiation site (b) crack growth region
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Fig.6 Micrographs of fatigue fracture surfaces at 760 ‘C for Inconel 625 alloy welding joint (The arrows indicate the surfaces)
(a) crack initiation site, Ag; /2 = 0.25% (b) crack initiation site, Ag; /2 = 0.4%
(c) crack growth region, Ag; /2 = 0.25%  (d) crack growth region, Ag /2 = 0.4%
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Fig.7 Microstructures of Inconel 625 alloy welding joint after low cycle fatigue deformation under strain amplitudes of 0.4% (a) and

1.0% (b) at 25 ‘C (The inset in Fig.7a show the corresponding SAED pattern)
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Fig.8 Microstructures of Inconel 625 alloy welding joint after low cycle fatigue deformation under strain amplitudes of 0.25% (a) and
0.4% (b) at 760 ‘C (The inset in Fig.8b show the corresponding SAED pattern)
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	2.3 循环应力-应变行为
	2.4 低周疲劳断裂行为
	在760 ℃, 外加总应变幅为0.25%的循环形变过程中, 位错以绕过方式通过析出相(图8a), 确保了可动位错的数量, 故在疲劳变形的中后期呈现循环稳定. 而随着外加总应变幅的增大, 位错之间发生交互作用, 形成位错缠结, 同时位错与孪晶界之间发生强烈的交互作用(图8b), 降低了位错的可动性, 故Inconel 625镍基合金焊接接头在疲劳变形时发生循环硬化.

