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Fig. 1 Schematic diagram of two cases for standard hypersphere interferes with limit state function or not
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Fig. 2 Schematic diagram of chaotic global search
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Table 1 Global optimization results of function f,
Method Ny fi /1078 x* /1076 Time/s P/%
10 000 25
YDX-BFGS2t) 40 000 47
100 000 65
10 2.913 6 (3.465 3, 3.123 4, 1.600 7) 0.008 8 99
ST-Powell 50 2.2959 (—1.7304, 2.704 6, 0.833 02) 0.014 4 100
100 1.954 1 (—1.798 3, —1.079 2, 2.607 6) 0.017 6 100
2 )
Table 2 Global optimization results of function f,
Method Ny f¥/10°¢8 x* Time/s P/%
10 000 54
YDX-BFGS!?4 40 000 81
100 000 90
(8.376 1 X10°°%, 4,261 5X10°°, 1.709 5X 10 °,
500 7.107 6 B B 0.3019 95
—2.778 6 X107, 2.471 1X10 )
(1.2223X107°, —3.091 5X10°%, —1.1383X10°,
ST-Powell 1 000 6.346 7 X o o 0.3315 99
—8.660 7X107°¢, 5,227 6 X10"°)
_ (—2.2752X107°, 3,428 6 X10°, —5.7055X10 ¢,
5 000 5.746 0 o 7, 0.479 2 100
2.893 2X107°%, 6.463 1X107")
fri=1.2, Xt Time g (X.Y) =1—XiX,/2Y, +Y,),
P(%),  f7.x"  Time 100 ng<x,y> =2Y\Y, —4(X, + X, —5)" —
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2

Table 3 Search process of optimal value of Example 2

K. m 2 f B B Bs Ak, 1= Ak, |
1 3.656 9 3.458 7 3.699 1 3.621 8 3.8455 8.398 6 2.470 1

2 3.5851 3.170 1 6.755 4 2.995 5 3.010 2 9.142 5 0.022 3

3 3.587 8 3.167 8 6.755 6 3.000 0 3.000 0 9.139 5 1.057 2X10~*
Ref. [17] 3.587 8 3.167 8 6.755 6

ST-Powell reliability-based optimization algorithm takes 2. 588 2 s

3 X, € [—0.9,0.9] X, €
Lol [—2.5.2.57;Y, Yier—1.17.
, S 0,
i 4 . 4
Find [#1 ,uz]T s 5
min f= Y23 +/12 6 a3l M2 ’
, k[ g(X,Y) =0]>=0.85 (an 7(X.Y)  B(X,Y) .
s. t. .JO ST ,
0l <5 ’
: . 7(X,Y)=0.903 0<_1,
g (X, Yy= N 4Ny (18) k(X Y)=0 1.251 3,=0.894 6, 6
spn X, » X
X, : X4 X, o1 =0, = 1.0; °
4 3
Table 4 Search process of optimal value of Example 3
K., o 2 f K Ak, +1 = Ak, |
1 —0.3328 —0.136 2 —1.146 2 1.039 5 1.478 7
2 0.350 3 0.067 2 —0.110 6 0.999 9 0.817 8
3 —0.092 0 0.000 4 —0.033 2 0.904 7 0.515 2
4 —9.272 3X10°16 —2.403 8X10°1¢ —1.872 41018 0.894 6 7.674 2X10°1
ST-Powell reliability-based optimization algorithm takes 1. 212 8 s
5 n(X,Y)
Table 5 List of iterative process of n(X,Y)
B X X Av, A 7 kX X, Avy A 7
0 0 0 0 1. 000 0 9 0.676 1 0.736 7 0.520 6 0.091 1 0.650 8
1 0.0859 0.048 8 6.4528X107° 1.0000 10 0.804 0 0.766 2 0.651 3 0.095 8 0.743 3
2 0.1720 0.0989 0.000 2 2.9900 0.114 6 11 0.819 4 0.846 8 0.759 9 0.026 8 0.809 5
3 0.258 5 0.1517 0.000 6 2.9900 0.1730 12 0.854 2 0.874 0 0.8350 0.029 4 0.854 5
4 0.3450 0.2091 0.0015 2.990 0 0.2329 13 0.8777 0.888 4 0.872 6 0.037 5 0.879 6
5 0.4312 0.2749 0.004 0 2.990 0 0.2952 14 0.890 1 0.893 3 0.890 2 0.041 4 0.891 2
6 0.5157 0.3561 0.0118 2.9900 0.3619 15 0.897 8 0. 900 4 0.897 4 0.034 5 0. 898 6
7 0.596 2 0.466 7 0.0388 2.990 0 0.4377 16 0.901 2 0.901 8 0.901 2 0.044 5 0.901 4
8 0.6626 0.6304 0.1538 2.9985 0.5355 17 0.903 0 0.903 0 0.903 0 0.037 1 0.903 0
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6 B(X,Y)
Table 6 List of iterative process p(X,Y)

k X1 X Avy A B

0 0 0 0 1.000 0O

1 0.195 6 0.040 0 1 10. 000 O 0.199 6
2 0.394 6 0.082 6 1 4,707 3X108 0.403 2
3 0.600 7 0.1319 1 1.042 4 X101 0.615 0
4 0.820 8 0.197 7 1 9.501 310 0.844 3
5 0.900 0(1.066 2) 0.305 0 1 6. 455 610120 1.109 0
6 0.900 0(1.178 2) 0. 366 4 1 5.379 710120 1.2339
7 0.900 0(1.194 9 0.3716 1 4,483 11020 1.251 3

3

4

Fig. 4 Electro-mechanical actuator and ball screw
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Table 7 List of uncertainty variables of electro-mechanical actuator parameters
Parameter Variable type Mean Variance Interval range
c Interval variable [18, 22]
M, /(N * m) Truncated normal 10. 6 0. 866 7 [8.6, 12.6]
M;/(N « m) Truncated normal 0.08 0.005 [0.07, 0.09]
I Interval variable [19, 23]
Mmax/Min ! Truncated normal 9 000 300 [8 500, 9 500]
[o]/MPa Interval variable [120, 160]
4
Table 8 Search process of optimal value of Example 4
K, do/mm L/mm W/g K1 K2 K Ak, +1— Ak, |
1 5.999 29.999 6.616 9.893 9.758 3.478 2.236
2 6. 000 30. 000 6.616 9.892 9. 757 3. 484 7.054 X104
5 4
Fig. 5 [Iteration process of hybrid reliability index of Example 4
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Table 9 Search process of optimal value of Example 5

K. dy/mm

K1

K2 K3

||/’U<CZ =2k |

[2]

Beijing: Science Press, 1992: 1-10 (in Chinese).

(M.
15-20.

, 2005

AN W G, CAT Y L., CHEN W D. Reliability analysis and
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L/mm W/g cz
1 4.518 49. 873 6.237 8.946 9.003 1.578 0. 387
2 4.521 50. 042 6.266 9.801 9.002 1.579 0. 509
3 4.576 49.999 6.414 8. 980 9.013 1.676 0.332
4 4,695 50. 001 6.752 9. 060 9.031 1. 860 0.023
5 4. 696 50. 000 6.755 9. 064 9.033 1. 865 0. 007
6 5
Fig. 6 Iteration process of hybrid reliability index of Example 5
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Reliability-based optimization algorithm using hybrid model with
truncated probability and non-probability

ZHOU Ling™ , LI Yanhui
Changchun Institute of Optics, Fine Mechanics and Physics . Chinese Academy of Sciences, Changchun 130033, China

Abstract: A new hybrid reliability model is presented for the case that truncated probabilistic variables and non-probabilistic
variables exist simultaneously in engineering. Based on the new hybrid reliability model and reliability index assessment
(RIA) method, a nested loop hybrid reliability-based optimization model is also presented. Modified ST-Powell optimization
algorithm with better search strategy is used to search the optimal values of design variables in the out-loop. Modified limit
step length iteration algorithm, which can ensure convergence. is used to solve the new hybrid reliability index in the inner-
loop. Numerical examples show that the global optimization rate of the modified ST-Powell optimization algorithm with better
search strategy can be promoted significantly. and the validity of hybrid reliability-based optimization model searched by the
algorithm presented in this paper is proved. The algorithm can obtain the optimal values for hybrid reliability-based optimiza-
tion model with high nonlinear limit state function. The algorithm presented in this paper has a good adaptability to hybrid re-

liability-based optimization problems of engineering structure.

Keywords: truncated probabilistic variable; non-probabilistic variable; hybrid reliability model; modified ST-Powell optimi-

zation algorithm with better search strategy; modified limit step length iteration algorithm; reliability-based optimization
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