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Abstract: Fatigue damage in single crystal nickel superalloys is closely related to crys-
tallographic slip along definite crystallographic planes. Thus, it is physically motivated to
consider these crystallographic planes as critical planes. The mesoscopic parameters on the
critical plane are all connected to the viscoplastic constitutive model, leading to inevitable
multicollinearity among them. To address this issue, principal component analysis was per-
formed to eliminate the effect of multicollinearity and determine dominant damage factors.
Furthermore, a life model was formulated based on the determined orthogonal dominant
damage factors. Compared with the life model which is directly formulated by the original

mesoscopic parameters, result shows that this model is much simpler with reliable and stable
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material constants. The life model is then validated with isothermal fatigue testing results of

DD6 at 760 °C and 980°C. Most of the predicted lives are within the triple factor of the meas-

ured lives.
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multicollinearity; principal component analysis
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Fig. 3 Flowchart of dominant damage factors

determination procedure
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Table 1 Correlation matrix of selected mesoscopic

parameters under situation 1

EIIRVIE S x X X X
x 1. 000 0. 853 0. 690 0.229
X 0. 853 1. 000 0. 902 —0.178
X 0. 690 0. 902 1. 000 —0.322
X 0.229 —0.178 —0.322 1. 000
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Table 2 Correlation coefficients of selected mesoscopic

parameters under situation 2 and situation 3
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Table 3 Coefficients in the dominant damage factors

under situation 2 and situation 3

% pui % Dp2i
B w2 s B w2 w3
0. 32 0.33 0. 30 0. 30
0. 34 0. 35 0.02 0.05
fi f2
0.33 0. 35 0.02 —0.15
—0.11 —0.07 0.97 0.90
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Table 4 Material constants of the life model under

situation 1

L, Mg N, Za Qg

6. 96 —2.05 —0.78 —0. 86 1. 34
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Table 5 Material constants of the life models under

situation 2 and situation 3

T4 L, m, N, Za Aq
THo 2

B 3 5.94

12.65 —2.84 —0.73 —0.52 3.98

—1.32 —0.42 —0.42 1.53
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Table 6 Material constants of the life models formulated

by selected mesoscopic parameters

T4 L, Mg

Ny Za Aq
fEH 1 36.84 —12.76  1.65 —1.92  1.97
& 2 42.46 —12.87  0.88 —0.52 5. 66
T3 12.07 —3.68 1.03 —1.23 1.01
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Fig. 10 Normalized life versus total strain range and
normalized maximum slip shear strain rate versus
total strain range in [001] orientation at

temperature of 760 °C
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