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Abstract: To reasonably implement reliability analysis and describe the significance of influencing parame-
ters on turbine blisk with multi—failure modes, intelligent dual response surface method (IDRSM) was pro-
posed by integrating intelligent algorithm and dual response surface method. Firstly, the mathematical model of
IDRSM was established and the basic principle of multi-objective reliability sensitivity analysis with IDRSM was
given. And then, based on the proposed method, the reliability analysis and sensitivity analysis of two failure
modes (radial deformation and stress) were completed considering the interaction of flow field and temperature
field. From the reliability analysis, the comprehensive reliability of turbine blisk is 0.9926 when the mean and
standard deviation of the allowable radial deformation and the allowable stress are 3.8mm and 76pum, 690MPa
and 14MPa, respectively. The sensitivity analysis shows that main impact factors influencing turbine blisk fail-

ure are gas velocity and rotational speed, accounting for 92% of the total failure probability. Through the compar-
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ison of methods (Monte Carlo method, response surface method, Dual Response Surface Method and

IDRSM), it is demonstrated that the proposed IDRSM improves computational efficiency with acceptable compu-

tational accuracy. The case study shows the feasibility and effectiveness of this proposed method in multi-failure

modes reliability sensitivity analysis, and offers a useful insight into the reliability optimization design of multi—

failure mode structure.

Key words: Reliability analysis; Turbine blisk; Intelligent algorithm; Artificial neural network; Intelli-

gent dual response surface method
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Fig. 1 Reliability analysis procedure of turbine blisk with IDRSM
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Fig. 7 Distribution of blisk deformation and stress
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Fig. 8 Optimal fitness value curve of blisk

KR FRE 0 A 5 0 4 3 3 1 IR0 265 400 i AL T 7R
{EL I 37 19 295, 22 DL i 37 1 00 Ak 5503k I R 0, 753 BP—
ANN A 157 Th7 S 0 (A R U Ml o7 T A 7R ) o e R A4S 1)
AR FISE 3 1) S 34w L A AR 1 {EL 3 0l s (12)
(13)Fi



$38E: s

TR B U ) L AT 1 T 8 P S R AU S A 1161

a0 { Best training performance is
9.1802x10~ at epoch 146

E 10° — Train
o — Test
@ ———- Best
2
% 1072
=
B
=

104 ©

0 20 40 60 80 100 120 140
146 epochs
(a) Radial deformation
107 Best training performance is
1.1361x107° at epoch 105

g 10° —— Train
v —— Test
g - Best
2
% 107
=
B
=

10~

0 20 40 60 80 100
105 epochs
(b) Stress

Fig. 9 Training state curve of neural network
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Table 2 Results of turbine blisk reliability analysis

[tem Mean Standard deviation Distribution Failure number Reliability/% Time/s
Maximum
3.1004 0.24224 Normal 67 99.33 0.147
Deformation/mm

Maximum stress/MPa 650.16 34.138 Normal 54 99.46 0.172
Total failure - - - 74 99.26 0.562

I

/3’

s —F

10%

(a) Radial deformation

72%

(b)Stress

8%
(¢) Comprehensive sensitivity

Fig. 12 Sensitivity analysis result of blisk

Table 3 Sensitivity and impact probability of input random

variables
L P,1% L, P,/% L Pl%
v =7.7x10™ 28 -3.6x10™ 18 -8.9x10" 37
p 2.7x10™ 10 1.9x10™ 10 1.9x10™ 8
o -1.7x107 62 1.4x107° 72 1.3x10° 55

Note: L, . L, and L are the sensitivities of input variables for
radial deformation, stress and overall blisk, respectively; P, , P,
and P denote the influencing probabilities of input variables for

radial deformation, stress and overall blisk , respectively.
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Table 4 Computational time of blisk reliability analysis
with four methods/s

Samples MCM RSM DRSM IDRSM
10° 3496 1.65 0.96 0.31
10° 29212 5.98 0.75 0.43
10* 667985 15.93 2.44 0.79
10° - 80.27 10.33 1.89
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Table 5 Reliability degree of blisk analysis results with four methods

Methods Precision/%
Samples
MCM RSM DRSM IDRSM RSM DRSM IDRSM
10 0.99 0.96 0.98 0.99 97.98 98.99 100
10° 0.992 0.978 0.982 0.993 98.59 99.01 99.9
10 0.9927 0.9842 0.9903 0.9926 99.14 99.76 99.99
10° - 0.98935 0.99102 0.99267 - - -
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