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Quasi-sequence decoupling method for life reliability optimization of
turbine blades

JIA Beixi™ , XING Chenguang, LIU Bo, TAN Jianmei, SONG Kunling
( Chinese Aeronautical Establishment, Beijing 100029, China)

Abstract; It was difficult to balance the efficiency and accuracy of multi-mode life RBDO ( reliability-based design optimization) of turbine
blades with film holes in the presence of random uncertainty, a quasi-sequence decoupling method of RBDO based on adaptive Kriging surrogate
model was proposed. The construction process of the limit state surface surrogate model in reliability constraint was updated in real time with the
search iteration of the design parameters, and the surrogate model strictly ensured the accuracy of surrogate model and feasible region judgment in
each iteration step. The proposed method avoided updating the limit state surface in non-access domain of design parameters, so that obtaining a
high convergence speed and strong robustness. The embedded real-time update strategy builds a cooperative surrogate model in the extended space
and shares training sample points, and adaptively trains the Kriging model of the objective function until convergence, so that it is able to ensure the
surrogate accuracy and significantly improve the optimization efficiency. In addition, an integrated and automatic simulation system for life
reliability optimization is developed, which verifies the high efficiency and engineering feasibility of the proposed method and software in the turbine
blade life RBDO problem.
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Fig.2 Flow chart of surrogate model-quasi
sequence decoupling method of RBDO
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Tab.3  Life related auxiliary random variables
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Tab.5 Changes of mechanical properties with temperature in [001] direction of DD6 material
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JEIRBEE/MPa X, 930 932 940 930 1 000 600 0.01
LA/ MPa X, 30.9 29.3 29.1 28.3 27.2 0.01
LK REB/C Xy 1.03x107° 1.293x107° 1.315x107° 1.353x107° 1.419x107° 1.5x10°°
PRI/ MPa X, 1 005 1035 1 050 1 030 1 090 710
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Tab.6 Regression coefficient of low cycle fatigue life equation
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Tab.7 Regression coefficient of high cycle fatigue

life equation
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Tab.8 Regression coefficient of creep life equation

obtained from material test data
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Tab.9 Life probability distributions in different mode
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Tab. 10 Proxy model solution for life failure

probability of series system
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Fig.7 Failure probability convergence graph of life
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Tab. 11  Surrogate model scale of the RBDO
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Tab. 12 Life RBDO result comparison in different initial points

Wb [ty oy oy ] = [0.19,0.85, -0.1]
FEA 2 2 x10°

WIRFEA 5 400
BYINGFEA R 731

14 114

FaTRECE 2 4 68
BrkeARE 34 33
4 8

14 69

HIRERRECE 24 25
PkEARE 38 10
4 4

K8 245 T, = - 0.2 FHEEIJE TRALIE
b7 2 R A E A oA B L 249 3R BRI B AT AT 3 B SR
fift o B Pl P4 T g, 85 1 229 2 A 24
SR Y-, T i <P £ R 53 BE e A SR 35 1z 77 4R
Hh, DT 8 i 75 i o 1 B2 T 58 HF A 15 A ik
P ML AR FL A i~ A RO S (B AT 56, AN T
kP2 T IO 5 22 T2 AT — i BRI, 3 BoAR IR
SR04 B G 5L T AT A7 300N TR B s 2 Y
*HE

12 55 T ARG AR B 7 il SRR
PEEER, AT LI Yy W00 m AL T ] AT I R I EE A
b )AL T AT NI AL AR RO A B G
TG AT AR, BT B 3 R g L < AR AR
TP B R DG A T i AT R DR G B M i 8
TARE A R A

L B AL T
[Ray shy sy ] TR BRI
[0.2128,0.709 1,
[0.15,1.2,0] ~0.199 9] 6
[0.19,0.85, —0,1] L[0-2129,0.7093, 4
-0.199 7]

bty AR N 13 frs. L/
SUBEALHEAT B 7 SR AR B E DN 0. 002 mm, 2L
W51 #3h 0.2 mm, Hf [F SR L2 0 0.7, 1
AERATRERE R T 99. 9% M #oR . b )a it i 75
A PER R T P R 111 5% | KRB R B Tr
RIF/N2.1%

® 13 HERSELFGAEERLEITER
Tab. 13 Life results of the oval film cooling hole RBDO
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state before and after optimization
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after optimization
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