%26 % 0T W M=z =ik Vol. 26 No. 7
20114 7 A Journal of Aerospace Power Jul. 2011

XEHS:1000-8055(2011)07-1522-09

PLF BB Kriging IEUUERE K H
EREHE SRR N A

A, £ &', Aarm, m M’
(1. e AR RS BRI S 3 TR AR . dbat 1001915
2. PHEATE TAAER AR STMATES R ShPLOF BT, SEM SF3 561102)

% . R TR (PSOFIEGIA Kriging B2 K S PSO 535 M BF A R e ) 5a iR T 458 =049
F IR 5 R Ty 2 JR B DA R M B AR T A A B SRR AR UE T TE AR TR IR A% 1 T R A AR R R AR
SR SCT W I LA S8, T S 0 T Kriging TN 25 52 109 S5 06 T8 O 1. 168 i 25 IR A6 27 98¢ 55 T S o0 A7
SR W R R AE ) Kriging (PSO-Kriging) i {RUAR T8 Xof £ [585 5 & 1] 10 7258 A58 5 A 50 0 K5 J32 A XSt 22 I 28 A
B RS RRIR2Z 5. 94 W AR E] 0. 09 %6) - AT A 47 4 K5 3 0 8 A7 BR OC A2 F 04T Monte Carlo
5 [ B PSO-Kriging HA-5 100 19 6B 8] R e — A3 BRIT A0 AT 19 1/10. h T 0000 A% 57 CH: 5 o T8 I 1 rh
PSO B EARIE) HLIFE I8 A KL 48 1 1Y PSO-Kriging % T 52 bR T2 G500 AT S50 40 B8 — 5 i FH A 4.

X # W R EREIE,; Kriging 7% WSRO 55 AR

FESZES: V231.95; THI122 MERFRRRD: A

Particle swarm optimized Kriging-approximate model and

its application to-reliability-analysis

CHEN Zhitying' . REN Yuan', BAI Guang-chen'. GAO Yang®
(1. Sehool of Jet Propulsion,

Beijing University. of Aeronautics and Astronautics, Beijing 100191, China;
2] Guizhou Aeroengine Research Institute,

Aviation-Indusfry Corporation of China, Pingba Guizhou 561102, China)

Abstract: ‘Particle swarm optimization (PSO) algorithm was introduced into Kriging
modeling process. By taking advantage of PSO’s multi-point search ability, the limits of
pattern search method’s single-point search approach as well as its heavy dependence on the
initial guess solution were overcome, so that the optimal correlation parameters in the maxi-
mum likelihood sense could be guaranteed under any initial conditions, and the optimal unbi-
ased characteristic for the Kriging prediction could also be assured. A turbine disk low cycle
fatigue (LCF) reliability analysis example indicates that the accuracy of the proposed PSO-
Kriging in predicting the circumferential strain amplitude of the weakest point is higher than
that of neural network on the order of magnitude, i.e. the maximum error decreases from
5.94% to0 0.09% . so that it can replace the finite element program in Monte Carlo simula-
tion without sacrificing the accuracy. Meanwhile, the time for PSO-Kriging’s modeling and
predicting is less than 1/10 consumed by a single finite element run. Due to high-accuracy

prediction (the optimal unbiased characteristic assured by PSO) and relative low expense,
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the proposed PSO-Kriging is valuable for the reliability analysis of real engineering struc-

tures.
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turbine disk; fatigue reliability
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testing set (30 testing samples in total)
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Table 5 Metamodel quality test results based

on testing samples

R Ew/1070 EY/%
PSO-Kriging  0.99999 1.1679 0. 09
ANN 0.91605 90. 388 5. 94
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Table 6 Comparison of modeling and prediction cost

between PSO-Kriging and ANN

A T 10° ¥k

CPU i} [H] /s CPU 8] /s
PSO-Kriging 38.99 57. 34
ANN 5.91 11.59
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