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strengthening phase y'based Ni3Al, the particles will be orderly arranged in the matrix and form a
coherent two-phase interface between the two phases. The strengthening phase y' have a decisive
impact on the mechanical properties of nickel base superalloys. It is an important microstructure
element in the “Composition (process)-Microstructure-Performance” chain in the multi-scale de-
sign method of nickel base superalloys. Based on the creep deformation mechanism of nickel base
superalloy, a crystal plastic damage model considering the changes of microstructure is estab-
lished in this paper. The model parameters are calibrated based on the content, distribution and
creep curve y'. The creep properties of the alloy were predicted in order to provide a reference for
the design of the alloy.
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Figure 1. Creep curve of a nickel base single crystal superalloy
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Table 1. Calibration of model parameters of cubic precipitation phase
F 1 URUEERESHNRE

) ?, v AF
3.43664136e+01 1.21474622e+01 3.41924760e+20 1.11643776e—18
Po Ypoc Yoac m
1.47357889e+19 8.36327963e—01 8.38830444e—01 8.13774304e—01

Table 2. Calibration of model parameters of spherical precipitation phase

2. IITUR IR S BERE

P (2] v AF
5.10145898e+01 3.98381290e+00 4.99014542e+19 6.62111716e—-19
Po Yo Ypac m
4.16735690e+10 4.98653641e—01 6.32012926e—06 8.38830444¢—01
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Figure 2. Fitting results of creep curve and experimental data
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Figure 3. Fitting results of creep curve and experimental data
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Figure 4. Creep curves of different volume fractions of cubic strengthened precipitated phase with the size of 500 nm
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Figure 5. Creep curves of precipitated phase with different sizes when the volume fraction of cube reinforced phase is 70%
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Figure 6. Creep curves of spherical reinforced phase with precipitation size of 500 nm
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Figure 7. Creep curves of spherical reinforced precipitated phase with different sizes when the volume fraction is 35%
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Figure 8. Creep curves of each strengthening phase size and proportion of cubic strengthening phase (Horizontal axis is time,
unit h; The vertical axis is the strain rate, unit %)
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Figure 9. Time for creep deformation rate to reach 5%
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Figure 10. Time for creep deformation rate to reach 5% at different temperatures
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