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Abstract

In this study, the new method for reliability estimation is proposed using kriging metamodel. Kriging
metamodel can be determined by appropriate sampling range and sampling numbers because there are
no random errors in the Design and Analysis of Computer Experiments(DACE) model. The first kriging
metamodel is made based on widely ranged sampling points. The Advanced First Order Reliability
Method(AFORM) is applied to the first kriging metamodel to estimate the reliability approximately.
Then, the second kriging metamodel is constructed using additional sampling points with updated
sampling range. The Monte-Carlo Simulation(MCS) is applied to the second kriging metamodel to
evaluate the reliability. The proposed method is applied to numerical examples and the results are
almost equal to the reference reliability.
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Table 1 Parameters of the proposed method

Parameters Value

Initial sampling range +50

No. of sampling points

for 1" kriging model Anay
No. of additional sampling points

for 1% kriging model Tlav

No. of sampling points

for 2™ kriging model Bnar
No. of additional sampling points g

for 2™ kriging model

Target error of MCS 10%, 5%, 1%

Relative convergence ratio of Py |0.5, 0.1, 0.01
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Table 2 Probability as variation of sampling range

Sampling Probability Probability
Tange in the range out of the range
tlo 0.682689492 3.173x10"
20 0.954499736 4.550x10"
30 0.997300204 2.699x10”
4o 0.999936658 6.334x10°
+50 0.999999427 5.733x107
+60 0.999999998 1.973x10”
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Table 3 Reliability results of problem 1

Criteria of | Mean of P; |Std. dev. of Pf]Mean of
convergence| (Error %) (Prcov %) |fun. call
E_mcs=10%| 9.468x10° | 5.166x10™ ’s

Pt conv=0.5 (0.67) (5.46)

E mcs=5% | 9.381x10° | 2.162x10™ 2%

Pt conv=0.1 (0.26) (2.30)

E mcs=1% | 9.396x10° | 4.074x10° ”7

Pt conv=0.01 (0.10) (0.50)

Reference | Pppr = 9.405x10° (Nucs = 1x10%)

I

Fig. 2 Fracture problem
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35300

Table 4 Reliability results of fracture problem

Criteria of | Mean of P; |Std. dev. of Pr|Mean of
convergence| (Error %) (Pecov %) | fun. call
E_mcs=10%]| 3.164x10" 9.302x10° 36
Pt comv=0.5 (0.51) (2.94)

E mcs=5% | 3.153x10" | 5.001x10” 37

Pt con=0.1 (0.16) (1.59)

E mcs=1% | 3.152x10" 1.471x10° 39
Pt conv=0.01 (0.13) (0.47)

Reference | Prrer = 3.148x107 (Nmcs = 1x10°)
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Fig. 4 Lower control arm

Fig. 3 A 3-bar truss Table 7 Statistical parameters of lower
control arm
Table S Statistical parameters of 3-bar truss Variables Mean COV | Correlation
Variables Mean cov o | 97 | 005 | . _ 4
E 1x10" 0.03 b 0095 | 005 | "
Ai 1.0 0.02 € 026 | 005 | ). _ 495
A 1.0 0.02 c 047 | 005 |
Y. 1.0 0.05
4
P 2X104 0.1 Table 8 Reliability results of lower control arm
Vinax 1x10 0.05
Criteria of | Mean of Pr |Std. dev. of Pf{Mean of
. convergence| (Error %) (Prcov %) |fun. call
Table 6 Reliability results of 3-bar truss E_wcs=10%| 1421x10" 1.024x10° .
Criteria of | Mean of P; |Std. dev. of Pr{Mean of Pt conv=0.5 247) (7.21)
convergence| (Error %) (Prcov %) | fun. call E mcs=5% | 1.424x10" 5.140%10° 52
E_mcs=10%| 5.287x107 | 2.087x10° - Pt conv=0.1 (2:26) (3.61)
Pt conv=0.5 2.24) (3.95) E mcs=1% | 1.427x107 | 2.824x10° 60
E_mcs=5% | 5.255x107 | 1.212x10° 75 Pt com=0.01 (2.06) (1.98)
Pt conv=0.1 (1.62) 2.31) Reference | Prrr = 1.457x10" (Nucs = 5%10%
E mcs=1% | 5.233x10% | 2.862x10™ -
Proon=0.01|  (1.20) (0.55) gl 9= AL 290 AEZ gojztm o
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