o
St==3 DOI:10.3795/KSME-A.2009.33.9.870
AaE AEYL o] £ A gael 9F NI HH 7

- B SE

(2008 10 14 2000 8¢ 10¥ 54,2009 d 8¢ 18 A9 g)
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Abstract

This study provides how the Dimension Reduction (DR) method as an efficient technique for reliability
analysis can acquire its increased efficiency when it is applied to highly nonlinear problems. In the highly
nonlinear engineering systems, 4N-+1 (N: number of random variables) sampling is generally recognized to be
appropriate. However, there exists uncertainty concerning the standard for judgment of non-linearity of the
system as well as possibility of diverse degrees of non-linearity according to each of the random variables. In
this regard, this study judged the linearity individually on each random variable after 2N+1 sampling. If high
non-linearity appeared, 2 additional sampling was administered on each random variable to apply the DR
method. The applications of the proposed sampling to the examples produced the constant results with
increased efficiency.
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Fig. 1 Axial Design of Experiments
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Table 1 Property of Random Variables for Example 1

Distribution Mean SD
X, Normal 6.0 0.8
X, Normal 6.0 0.8

# SD; Standard Deviation

Table 2 Results of Reliability Analysis for Example 1

eDR
MCS
2N+1 4N+1 Proposed
Mean 2.493 2.446 2502 2502
SD 0932 1.076 0.936 0.936
Skewness -0.495 0.444 0475 -0.475
Kurtosis 5.037 3.600 4334 4334
PF 9.100E-3 2.06E-2 1.120E-2 1.120E-2
F‘gl:ﬁis"“ 1,000,000 5 9 7

* Results are from 1,000,000 Sampling Using MATLAB™
® SD; Standard Deviation
¢ PF; Probability of Failure
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Fig. 4 Normalized Response for each Random Variables
in Reliable Design Space for Example 1
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Table 3 Property of Random Variables for Example 2

o1 g3 e

Rus

Distribution Mean SD
X, Weibull 10.0 3.0
X, EVD*® 5.0 L5
X, Lognormal 10.0 3.0
X, EVD 10.0 3.0
X. 5 Lognormal 5.0 1.5
X Weibull 10.0 3.0

 Type I Extreme Value Distribution
® SD; Standard Deviation

Table 4 Normalized Distance for each Random Variables

X

1

X

2

X, X, X, X,

ND 0.0000 0.0000 0.0000 0.4596 0.4233 0.4787

#ND; Normalized Distance

Table 5 Results of Reliability Analysis for Example 2

eDR
MCS
2N+1 4N+1 Proposed
Mean 4.993E6 5.591E6 4.890E6 48906
SD 5.641E6 8.127E6 5.427E6 5.427E6
Skewness 3.190 1,185 2.779 2779
Kurtosis 2118 4987 1521 1521
PF 5.700E-3 1.399 0.000 0.000
Function 1,000,000 13 25 19
Calls

 Results are from 1,000,000 Sampling Using MATLAB™
® SD; Standard Deviation
¢ PF; Probability of Failure
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Fig. 5 Normalized Response for each Random Variables in Reliable Design Space for Example 2

Table 6 Property of Random Variables for Example 3

Distribution Mean SD
X, Normal 2.0 0.1
X, Normal 2.0 0.1
X, Normal 2.0 0.1

* SD; Standard Deviation

Table 7 Results of Reliability Analysis for Example 3

eDR
MCS
2N+1 4N+1 Proposed

Mean 0.750 0.748 0.748 0.748
SD 0.460 0.459 0.458 0.458
Skewness 0.422 0.090 0.092 0.090
Kurtosis 3.340 3.018 3.020 3.029
PF 3.783 4.113 4.091 4.095

Function 1,000,000 7 13 11

 Results are from 1,000,000 Sampling Using MATLAB™
® SD; Standard Deviation
¢ PF; Probability of Failure
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