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Optimal Design of Interval Reliability for Uncertain Structures
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Abstract: The interval reliability for uncertain structures was studied and an optimal design model
based on interval reliability was established. By using the model of nested genetic algorithm and
radial basis function neural network, the direct optimization of the interval was carried out, which
solves the problem of the optimal design based on the interval reliability and avoids the
complicated transformation process of the indirect model. The disturbance of the design vector in
actual engineering was fully considered, and the constraint of the objective function fluctuation in
this case was proposed, so that the objective function and the constraint function still meet the
reliability requirements under disturbance. The numerical examples verified the validity and
superiority of the model. The proposed model was applied to the optimization of driving slabs with
interval uncertain parameters, whose results verified its feasibility and engineering effectiveness.
Key words: uncertain structure; interval reliability; direct interval optimization; nested genetic
algorithm; radial basis function neural network
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Table 2 Comparison of optimization results
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*3 BESNE
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Table 4 Comparison of vehicle plate optimization results

Tk fkg x/mm x,/mm x;/mm x,/mm
HAptb ek 1.833 4 4 2.11  1.833
AT 1.8291 4 4 2.1006 1.5433
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Table 5 Design vector parameters of driving plate
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1.489 4

4 4 ik

1) S0 BA X SE AR E L5442 T
—FhEE SR R AL T FI RBF M 28 0 45 19 1 4
T PEAR S, 80 5 i T it ) B A e 3 5
AL FUAR REORI 249 5 ok e B B 1 0, 157 1 26T
DX ] ) 52 B D0 A BT T, B 55 96k 1 0%
SR A S S AT

2) PEB R A0 T B X (] PR R BT
WITER A TAT AR e fe it b, 5 S bk
AT R AL 2 R AT H A, 4 SRR T AR S
Tk BT AT PR R

SE Lk

[ 1] Elishakoff I, Ohsaki M. Optimization and anti-optimization of
structures under uncertainty [ J |. Engineering Structures,
2011,33(9) :2724 -2725.

[ 2] Elishakoff I, Elettro F. Interval, ellipsoidal, and super-
ellipsoidal calculi for experimental and theoretical treatment
of uncertainty; which one ought to be preferred? [J].
International Journal of Solids and Structures,2014,51 (7/
8):1576 - 1586.

[ 3] Elishakoff I, Wang X, Hu J, et al. Minimization of the least
favorable static response of a two-span beam subjected to
uncertain loading[ J]. Thin-Walled Structures,2013,70 .49 -
56.

[4] Hu N,Duan B,Cao H,et al. Robust optimization with convex
model considering bounded constraints on performance
variation[ J]. Structural and Multidisciplinary Optimization,
2017,56(1) :59 —69.

[5] Wul,Luo Z,Zhang Y, et al. Interval uncertain method for
multibody mechanical systems using Chebyshev inclusion
functions[ J]. International Journal for Numerical Methods in
Engineering ,2013 ,95(7) :608 —630.

[6] Wul, Luo Z, Zhang Y, et al. An interval uncertain
optimization method for vehicle suspensions using Chebyshev
metamodels[ J ]. Applied Mathematical Modelling ,2014 ,38
(15/16) :3706 - 3723.

[7] Fernandez-Prieto J A, Canada-Bago J, Gadeo-Martos M A,
et al. Optimization of control parameters for genetic
algorithms to test computer networks under realistic traffic
loads[ J]. Applied Soft Computing,2012,12 (7):1875 -
1883.

[ 8] Kucukkoc I, Karaoglan A D, Yaman R. Using response
surface design to determine the optimal parameters of genetic
algorithm and a case study [ J |. International Journal of
Production Research,2013,51(17) :5039 —5054.

[9] GuL,Tok DK S,Yu D L. Development of adaptive p-step
RBF network model with recursive orthogonal least squares
training[ J | . Neural Computing & Applications,2016,29(5) :
1 -10.

[10] Foster I, Kesselman C, Nick J M, et al. Grid services for
distributed system integration [ J |. Computer,2002,35 (6) :
37 -46.

(11 JEsE W, el = 55, — R X AT 45 1 1 X [R]
BRI T]. P EFRRE HORFE,2019,8 (12)



%48 EAHAE . R LA K] T AR IR 527
1-16. (141 BRih, A8, 130, 4. T DX 40 A B9 AL 45 14 e f
(Tang Jia-chang, Jiang Chao, Long Xiang-yun, et al. An PeAb it [ 1] AEHURS B ahikin TH A ,2017(2) .41 -
interval robustness optimization method for uncertain 44 .49.
structures[ J |. Science in China; Technical Science,2019,8 (Chen Jing, Wu Zhen-yang, Wang Wen-bo, et al. Robust
(12):1-16.) optimization design of mechanical structure based on interval

[12] QiWC, Qiu Z P. Non-probabilistic reliability-based analysis [ J ]. Combination Machine Tool & Automatic
structural design optimization based on the interval analysis Machining Technology ,2017(2) .41 —44 49.)
method[ J]. Scientia Sinica,2013,43(1) :85 -91. [15] Huang Z L, Zhou Y S, Jiang C, et al. Reliability-based

[13] Cheng J,Tang M Y, Liu Z Y, et al. Direct reliability-based multidisciplinary design optimization using incremental

design optimization of uncertain structures with interval
parameters[ J |. Journal of Zhejiang University—Science A,
2016,17(11) :841 —854.

shifting vector strategy and its application in electronic
product design [ J]. Acta Mechanica Sinica,2018,34 (2) .
285 -302.

100000000000 0L>0L> 000> 0000000000000 00> 000> 000> 00000000

(L% 509 I)

1w B 5 T ZE 0. 015% ~0.02% , HHB A
i, U TR R 1.5 ~ 3 kPa, 18 AU N 42 il
£ 1550 C.

SE

(1]

(2]

(3]

[8]

(9]

Liu Y H,Li Q L,Duan X L,et al. Thermodynamic analysis
of a modified system for a 1000 MW single reheat ultra-
supercritical thermal power plant [ J]. Energy, 2018, 145
(15):25 -37.

Fan H J,Zhang Z X, Dong J C, et al. China’s R&D of
advanced ultra-supercritical coal-fired power generation for
addressing climate change [ J ]. Thermal Science and
Engineering Progress 2018 ,5(1) :364 —371.

Rogalev N, Golodnitskiy A, Tumanovskiy A,et al. A survey
of state-of-the-art development of coal-fired steam turbine
power plant based on advanced ultra-supercritical steam
technology[ J |. Contemporary Engineering Sciences,2014,7
(34) .1807 - 1825.

Tumanovskii A G,Shvarts A L, Somova E V, et al. Review
of the coal-fired, over-supercritical and ultra-supercritical
steam power plants[ J]. Thermal Engineering ,2017,64(2) .
83 -96.

Liu C X,Liu Y C,Ning B Q. Development of the modified
high Cr ferritic heat-resistant steel [ J |. Materials Research
Innovations 2015 ,19 (sup8) .813 - 818.

Dudziak T, Jura K, Polkowska A, et al. Steam oxidation
resistance of advanced steels and Ni-based alloys at 700 C
for 1000 h[J]. Oxidation of Metals,2018,89(5/6):755 -
779.

B, XA, R, %5, 1000MW I AR BEHL 4 —
WRFREARBUR B i 8 37 20 A [ 1] RO i <vag,
2015,29(3) :85 -88.

(Xu Jun, Liu Qi-ming, Bai Ying-min, et al. Current status
and market prospect of secondary reheat technology for 1000
MW ultra supercritical coal-fired units[ J]. Dongfang Electric
Review ,2015,29(3) :85 -88. )

Jandova D, Kasl J. Microstructural changes in weld joint of
COST F and FB2 steels after long term creep tests [J].
Materials at High Temperatures 2017 ,34(5/6) :482 —491.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Li KJ,Wu Y,Li Y F,et al. Mechanism for welding liquation
cracking in a boron containing 9% Cr martensitic stainless
steel [ J ]. Journal of Manufacturing Processes, 2018, 32
714 -720.

Blaes N, Donth B, Bokelmann D. High chromium steel
forgings for steam turbines at elevated temperatures [ J].
Energy Materials 2007 ,2(4) ;207 -213.

Kim J T, Kong B G. Materials technology for PC-TPP in
green economic era| J|. Materials Science Forum ,2010,654 .
398 —403.

Abe F, Tabuchi M, Tsukamoto S. Mechanisms for boron
effect on microstructure creep strength of ferritic power plant
steels[ J]. Energy Materials 2009 ,4(4) ;166 —174.

Semba H, Abe F. Alloy design and creep strength of
advanced 9% Cr USC boiler
concentration of boron[ J]. Energy Materials,2006,1 (4) .
238 —244.

Fu J,Zhou S X,Wang P,et al. The effects of temperature on

steels containing high

the kinetics of nitrogen removal from liquid steel[ J]. Journal
of Materials Science & Technology,2001(3) :26 —28.
TEARAR, LA, T2 e, BN E AR M. JEa b Tl
H At ,2007 :260 - 290.

(Wang Zhen-dong, Cao Kong-jian, He Ji-long. Induction
furnace smelting[ M ]. Beijing ; Chemical Industry Publishing ,
2007 :260 -290. )

Gruszezyk A. The kinetics of nitrogen dissolution in levitation
and arc-melted Fe-C-Mn filler metals [ J ].
Achievements in Materials and Manufacturing Engineering ,
2008,26(2) :115 —122.

Kadoguchi K, Sano M, Mori K. Rate of absorption of injected

Journal of

nitrogen in molten iron[ J]. Tetsu-to-Hagané ,1985,71 (1) :
70 -717.

Mukawa S, Mizukami Y. Effects of pressure, sulfur and
oxygen on the rate of decarburization from liquid steel[ J].
Tetsu-to-Hagané ,2002 ,88(4) :195 -201.

R, T R, SRR AR AN A R A
BORMTL Y] MERBTTE#41,2013,25(8) : 16 - 18.

(Cao Chun-lei, Zhang Xing-zhong, Zhou Li, et al. Analysis
of nitrogen enhancement effect of new high nitrogen nickel-
free stainless steel smelting [ J]. Journal of Iron and Steel
Research,2013,25(8) :16 - 18.)



