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High temperature and low cycle fatigue behavior and Chaboche
constitutive analysis on superalloy GH4169

Fang Zhou, Wu Yinghong, Wang Weimin
(School of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: For superalloy GH4169, high-temperature monotonic tensile and high-temperature low-cycle fatigue tests were conducted, and
its mechanical response behavior was studied. The results show that at a low strain amplitude of 0. 6%, the alloy does not show obvious
softening characteristics, but instead shows a small hardening phenomenon in the later stage of the cycle. At higher strain amplitudes
(0.8%, 1.0% and 1.2%) , it shows a more obvious hardening characteristic. Manson-Coffin curve fitting analysis results indicates that
the total strain amplitude of alloy is determined by the plastic strain, which does not conform to the bilinear characteristics of Manson-
Coffin. The Romberg-Osgood model fitting results show that the hardening ability of the material under cyclic loading is significantly higher
than that under monotonic tensile. The results of Masing characteristics study show that with the increasing of the strain amplitude, the
Non-Masing characteristics of the alloy become more obvious. Finally, based on the test data, the Chaboche mixed hardening model pa-
rameters are fitted, and the accuracy is verified by Abaqus finite element simulation. Thus, the research results provide a reliable consti-
tutive model parameters basis for complex working condition simulation of superalloy GH4169.
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Table 1 Chemical compositions of superalloy GH4169 ( %, mass fraction)
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Fig. 1 Monotonic tensile dimension diagram of superalloy GH4169
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0.021 mm -« s~ PRI HAN, HEKZ,
1.3 KAEZIRE

W2 e A o7 T I AL A TR 9% 57 1A,
PREUN AR, AR -1, WASHE RN 0.004 s,
“HIEBIE, NN 0.6%, 0.8%. 1.0% F
1.2%, VIR R#EMT TR 25% MHE, ot %
GBI 55 75 1 . AR 55 i e B 35 an 1&1 4 Jor
7, A S R,

4 RS I

Fig. 4  On-site of low cycle fatigue test
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GH4169 under different strain amplitudes
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Table 2 Low cycle fatigue test results of superalloy GH4169
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Table 3 Parameters of Manson-Coffin curve
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Table 5 Parameter values of Chaboche constitutive model
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Fig. 16 Finite element model of specimen
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Fig. 17 Schematic diagram of boundary condition application
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