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Improved Point Estimation Method for Analyzing Reliability
and Reliability Sensitivity

Zhang Yongli s Lii Zhenzhou, Li Shenglan
(School of Aeronautics, Northwestern Polytechnical University, Xi'an, 710072, China)

Abstract: For low-dimensional and high-nonlinear performance function, an improved point estimation
method is proposed for analyzing reliability and reliability sensitivity. In the proposed method, input
space is firstly separated into some subspaces to reduce the nonlinearity of performance function in these
subspaces. Secondly, low-level sparse grid integration method is used to estimate probabilistic response
character in the subspaces. Finally, the probabilistic response characters in every subspace are combined
to obtain the reliability and reliability sensitivity. The obvious advantage of the proposed method is its
applicability for the reliability and reliability sensitivity of low-dimensional and high-nonlinear model,
and it is also adaptive to complex implicit function because it is gradient free. Moreover, input space is
partitioned according to the most probable point estimated by uniformly sampling few samples, which
helps to improve the estimation efficiency of the reliability and reliability sensitivity. Several test exam-

ples demonstrate that for low-dimensional and high-nonlinear model the proposed method is more pre-
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cise and efficient than existing point estimation methods, i. e. , the three-point estimation and the direct

sparse grid integral method.

Key words: reliability; reliability sensitivity; nonlinear; space partition; sparse grid; point estimation
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Tab.2 Values of q, a and Ny;pp

q 1 2 3 4
a 2.5 2.5 2.5 5.0
Nywr 200 200 200 1 000

a 1 g HUAS 5] fEL I R DY B o0 M 2R ROHE 5%
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Tab.3 First four central moments of output under g=1,N=17
75‘% Qlg Q24 A3yg Qug
MC 2.500 176 0.999 994 0.000 856 64 3.000 582
TPE 2.500 000 1. 000 183 0.000 740 40 3.000 000
SG (k1 =3) 2.500 000 1.000 183 0. 000 000 00 3.000 000

F4 =L N=UHUEERTEEREESTER

Tab. 4 Reliability and reliability sensitivity analysis results under ¢g=1,N=

17

P, /Ip. )/

(aP//aU.41 )

P, [0/

P, 95,0/

Ik Wi HEE P10 , , , ,
1073 1073 107° 107°

MC 107 6.216 5 4.053 5 7.022 6 —4.215 8 7.596 4
TPE 207 6.206 3 4.045 4 7.009 6 —4.2150 7.599 1
ky=1 31 6.217 7 0. 000 O 14.621 0 0. 000 O 14.621 0
SG ky=2 119 6.217 7 —1.473 5 3.224 6 1.098 0 4.085 9
ky =3 207 6.217 7 4.054 2 7.023 4 —4.216 6 7.597 6
k=1 489 6.200 7 4.044 8 6.873 4 —4.166 2 7.3037

SG-SP
=2 1 645 6.178 4 4.038 7 7.071 9 —4,179 2 7.567 9
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Tab.5 First four central moments of output under ¢g=2,N=13

Tk oy az ase iy

MC 2.583 1 1.006 8 0.005 4 3.003 6

TPE 2.583 3 1.006 9 0.002 9 2.940 7
SG (k1 =5) 2.583 3 1.006 9 0.004 5 3.002 3

£6 =2, N=BHUEERUTEERFEESFTER

Tab. 6 Reliability and reliability sensitivity analysis results under ¢g=2,N=13

(()Pj/(’)/Lrl )/

P, /95,7

CTIEPISY

<f7p,//r70,2 )/

ik 14 R Py/107° ‘
1077 1077 1077 10°°
MC 107 5.100 2 3.454 3 5.964 0 —3.454 4 5.964 5
TPE 207 5.106 1 3.368 0 7.674 9 —3.356 8 7.651 6
ky =1 59 5.087 4 0. 000 0 9.344 2 0. 000 0 9.344 2
. ky = 147 5.087 4 —1.662 9 3.166 6 1.662 9 3.166 6
56 k, =3 235 5.087 4 3.355 6 7.585 6 —3.355 8 7.5856
ky =4 411 5.087 4 3.450 7 5.970 5 —3.450 7 5.970 5
SGSp k=1 369 5.122 4 3.429 0 5.756 1 —3.448 6 5.826 6
k=2 1045 5.084 4 3.440 1 5.922 6 —3.442 2 5.923 5
®7 q=3,N=13 Bt HEHET M P08
Tab.7 First four central moments of output under ¢g=3,N=13
J5 ik i az s s
MC 2.499 4 1.692 9 —0.005 085 189  20. 965 100
TPE 2.499 9 1.639 7 —0.001 133 728  6.254 750
SG (ky =7) 2.500 0 1.695 7 0. 000 000 000 21.376 600
£8 =3IN=DBHUEERUTEERFEESFTER
Tab. 8 Reliability and reliability sensitivity analysis results under g=3,N=13
, P/ )/  (IP; /3. )/  OP;/3p.,)/  (IP;/ds.,)/
Jrk T A P,;/10°°
10°° 10°° 10°° 10°°
MC 107 40.183 6 —9.185 1 15.593 6 —26.296 8 42.565 1
TPE 207 63.575 9 —10.428 6 35.911 6 —41.510 4 60. 889 1
ky =1 59 70.194 0 0. 000 0 66.126 5 0. 000 0 66.126 5
. ky = 147 70.194 0 8.577 4 —10.929 5 —28.559 8 25.663 1
56 ky =3 235 70.194 0 —3.197 5 34.882 5 —39.550 0 59.277 6
ky =10 2 987 70.194 0 —5.608 3 51.796 8 —43.014 7 100. 587 0
PG k=1 369 35.567 2 —10.891 1 9.318 4 —23.476 2 38.193 5
k=2 1045 40.617 8 —9.103 6 16. 344 2 —26.389 9 42.290 2
R q=4,N=12 R HEHET M P08
Tab.9 First four central moments of output under ¢g=4,N=12
J5 ik ang asg s, i,
MC 9.494 9 14.725 0 10.078 4 204.550 0
TPE 9.497 6 12.142 3 3.714 9 15.237 7
SG (k=9 9.500 4 14.732 1 10.034 4 205.124 5
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Tab. 10 Reliability and reliability sensitivity analysis results under g=4,N=12

] (OP; /9. )/ (AP;/do. )/  (IP,/9p.,)/  (IP;/do.,)/
J5 ik KB T P/1077 .
107 107 107
k=
SG-SP . 133 200 1.158 6 1.427 7 4.920 6 —1.427 6 4.919 8
TPE 207 1.35X10° 8. 19X 10" —3.17X10°  —8.25X10"  —3.17X10°
ky=1 119 2.28X10° 3.11X10° 0 3.11X10°
SG by =2 207 2.28X10° 5.55% 10 —9.33X10"  —5.55X10"  —9.33X10"
ky =10 3023 2.28X10° 5.79X 10" 8.15X10° —5.79X10* 8.15X10°
k=1 1144 1.184 8 1.443 8 4.905 8 —1.451 2 4.961 6
SG-SP
k=2 1720 1.161 3 1.428 0 4.907 6 —1.430 3 4.924 7
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Tab. 11 Distribution parameters of input variables
L PNG S ics Y p/mm bR 6/mm
b X 65 3.50
ko) 12 0. 10
h X3 85 4. 50

x12 HHEMETHEKRHOE

Tab. 12  First four central moments of output

J5 a, /1078 gy, /1078 Qg Qg

MC 2.570 5 0.6638 —0.8911 4.5980

TPE 2.570 6 0.6616 —0.7681 3.2919
SG(ky=5) 2.570 6 0.6638 —0.8919 4.6220

SERAIHT N LL 545 SR A] Lk B R
Ji % SG F1 TPE 51+ RHT MU B 46 5 2 % (H 2 5 A
R AR 5 1 D i R ) T e v S R B
B 25 JE 0 L 4 30 A 5 it ol ) A S v T 4t 57 B9
SG-SP FikAE k=2 W E 2 BA R IFR A&
3 984, R HE M R R T AR AR B A S8
XoF S SOE S 1) 5 e R B, T B 44 1E U 1 ] RE R R
BEORE W] DA T R AR AR k43 A S JON R R B )
PEHERS o S 17 8 R OME A 45 Tl 78 BIAR ) 3 L AF SR
AT AR 5 33 o 2 P HE T ok e IR A AR i N X
PSR XA TR L AAEEE X,

R13 AEBRUEUEREESNER

Tab. 13  Reliability and reliability sensitivity analysis results

Jrik b e P, IP;/du.  IP;/ds.  IP;/du., IP;/ds., IP;/0u. P/,

MC 107 0.002 742 —0.3989 0.2023 —8.2898 22.6227 —0.1577 0.044 15
TPE 918  0.006 278 —0.259 2 —0.197 2 —23.974 0 38.5626 —0.0780 —0.1120

ky=1 126 0.001826 0.0000 5.4718 0.0000 19.1513 0.0000  4.2559

SG ky =2 324 0.001 826 0.7797 —2.2108 —6.5596 15.7833 0.4206 —1.7879

ky =23 720 0.001 826 —0.317 4 1542 —7.8979 16.3112 —0.1241 0.017 4

ky=10 23292 0.001 826 —0.232 1 1195 —4.6714 10.7941 —0.094 0 0.029 70

SG-SP k=1 912 0.002 566 —0.347 6 0849 —7.7811 21.2919 —0.1106 —0.0951

=2 3984 0.002 719 —0.400 7 2009 —8.2175 22.4200 —0.1566 0.040 6
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