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Abstract: Fatigue life scatter caused by material variability, load variation and geometrical uncertainty
must be considered in engineering design to enable the structural integrity of turbine blade disk. Accordingly, a
framework for fatigue reliability analysis and optimal design, coupling with multi—source uncertainties, was de-
veloped based on stochastic finite element method. Firstly, the critical dimensions were determined in view of the
stress altering factor. Then, the critical dimensions, material property and load were defined as random vari-
ables, and the Latin hypercube sampling approach was employed to provide datasets for the following stochastic

finite element simulation. Based on the predicted lifetime after simulated data processing, three reliability optimi-
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zation strategies were raised by employing interpolation method, probabilistic cumulative fatigue life method and

Kriging surrogate model, respectively. Results show that the median fatigue lifetime of the turbine blade disk re-

spectively increases 27%, 1.4%, and 108% using three optimization methods. Particularly, the optimization

model based on the Kriging surrogate model works best, by which the turbine bladed disk’ s reliability is im-

proved significantly.

Key words: Fatigue reliability; Turbine blade disk; Uncertainty; Stochastic finite element method; Op-

timal design
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Fig. 1 General procedure for probabilistic fatigue lifetime evaluation and structural optimization
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Fig. 2 Stochastic stress-strain response of TC4 alloy

Table 1 Input random variables of the bladed disk

Parameter Distribution Mean (0%
Young’s modulus E/MPa Normal 1.08x10° 0.05
Material density p/(kg/m*) Normal 4.5x10° 0.01
Rotating speed w/(rad/s) Normal 1204 0.01
o {/MPa Normal 1564 0.05
& Normal 2.69 0.05

b Constant -0.07 -

c Constant -0.96 -

/
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Fig.3 Main geometric parameters of turbine bladed disk
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Fig. 8 Predicted fatigue life distributions

Table 3  Statistical analysis of predicted fatigue life (Ig/V)

Method Mean Standard deviation
Standard size 18.8179 0.48817
Method 1 18.9224 0.43314
Method 2 18.8241 0.49232
Method 3 19.1358 0.51742
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