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FEM creep damage study for nickel base single crystal
structure under multiaxial stress conditions
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Abstract:  Based on the microstructural assessment, a tworstate variable crystallographic creep damage constitutive equation
was presented for nickelbase single crystal superalloys, which takes into consideration of the rafting- derafting and the damage of the
voids simultaneously. The constitutive equation was programmed as a user subroutine umat into the ABAQUS. With the uniaxial creep
experimental data, the constitutive equation can model the creep damage behavior of nickek base single crystal superalloys, especially
the dependence of the creep anisotropy on the crystallographic orientation. The double shear specimens and modeling blades were
studied experimentally to validate the constitutive equation. The results of the validation are satisfactory. The damage and life behav-
iors of a turbine blades were presented as an example of the application. The influence of the crystallographic orientations on the blade
lives was analyzed specially for the optimization of blade erystallographic orientations. The optimization of the erystallographic orienta
tions will find a maximunr life orientation.
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Table 1 Model parameters for DD3 at 950 C

Octahedral < 001> | Octahedral < 011> Cubic

Yo(1/s) 20.0x 10" 50.0% 107 ' 18.0x 10~ '
n 5.1 4.8 5.2
C 18.0 15.0 60.0
P 1.0 1.0 1.2
@ 1.0 1.0 1.0
m 1.1 1.2 1.2
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Creep time/h

Fig. 1 Validation for the model on
uniaxial stress condition at 300MPa
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Fig.2 Double shear specimen ( a)
and modeling blade ( b)
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(b) Double shear specimen under 100MPa shear stress at 950°C

Fig.3 Comparison of the modeling

and experimental displacement
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Fig. 4 Creep displacement
of turbine blade
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Fig.5 Creep damage lives of
blades vs the angle a

Table 2 Crystallographic orientation of modeling blades
and double shear ( DS) specimens and comparison of the

lives between the experiment and simulation

o — ’l'e|1:jailcsf . I:lxpf*.rimel ital Sin'lulal ion
shear orientation lives/h lives'h
Modeling blade 1 [ 001] 135
Modeling blade 2 | 001] 145 102
Modeling blade 3 [ 001] 91
Modeling blade 4 [ 001] 118
DS | {001} < 100> > 2059 > 3000
Ds 2 {001} < 110> > 1531 1767
DS 3 {011} < O1-1> > 953 1206
DS 4 (111} < Ol-1> > 984 1121
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Fig. 6 Creep displacement of blades vs
the angle a at the failure conditions
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