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Study on Cyclic Constitutive Model for GH4169 Alloy
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Abstract: In order to study the inelastic response behaviors of GH4169 alloy under different loading condi-
tions at high temperature, the uniaxial tension and low cycle fatigue tests were carried out at 650°C. The Bodner—
Partom (B-P) unified constitutive theory was used to simulate the mechanical behaviors of GH4169 alloy.
Through the experiment, the uniaxial tension stress—strain data and the cyclic stress—strain data at the half-strain
amplitudes of 0.65%, 0.75%, and 0.85% were obtained. Based on the B=P theory and the finite element method ,
the new implicit integration algorithm for constitutive equations were studied by introducing a reduction factor
that is between 0 and 1. The B=P model was implemented in ABAQUS software through UMAT subroutine. Nu-
merical simulation curves of GH4169 alloy under different loading conditions were calculated. The calculated re-
sults agree well with the experimental results, indicating that the B-P model can reasonably describe such kinds
of high temperature mechanical behaviors of GH4169 alloy, and verify the integrity of the B=P model and the cor-
rectness of the program.
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Table 1 GH4169 alloy chemical composition (wt% )
Al C Cr Mo Mn
0.50 0.032 19.05 3.00 0.03
Nb Ti Si Ni Fe
5.17 0.92 0.10 52.16 —
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(a) Tensile test piece

(b) Fatigue test piece

Fig. 1 Shape and size of different test parts of GH4169 alloy (mm)
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Fig.2 Cyclic stress-strain curve of GH4169 alloy
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Fig.3 Hysteresis loop of low cycle fatigue response at
different strain levels of GH4169 alloy at 650°C
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