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Augmented Lagrangian Subset Simulation Optimization Method

Dong Qiaoyue, Li Hongshuang

(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In solving the structural optimization problems with multiple design variables and multiple con-

straints, traditional optimization design method of engineering structure has many disadvantages. A new struc-

tural optimization method, which is based on subset simulation optimization(SSO) and the Lagrangian multipli-

er method, is developed to solve structural optimization problems under constraints, The Lagrangian multiplier

method is used to handle multiple constraints, Then, SSO is used to solve the transformed unconstrained prob-

lem and search for the global optimum, In order to guarantee the robustness of convergence, the updating meth-

od of penalty factor is modified for this purpose. The accuracy, robustness and efficiency of the proposed meth-

od are demonstrated by two examples. The optimization results of proposed method are compared with those

obtained by other optimization methods available in the literature, It indicates that the proposed method has ex-

cellent performance on searching for the global optimum.

Key words: structural optimization design; subset simulation optimization; Lagrangian multiplier method; pen-

alty factor
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Fig. 2 Flowchart of augmented lagrangian subset

simulation optimization method
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Table 1 Loading conditions of 72-bar spatial truss structure
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Table 2 Comparison of optimization results for 72-bar spatial truss structure
R’itE g
OB
Ai-Ar AsAr AusAis Av-As Aw-An Am-An An-Auw  Aws-Ax Aw-Aw  Aa-Ag
GA 1.910 0.525 0.122 0.103 1.310 0. 498 0. 100 0.103 0.535 0.535
ACO 1.948 0. 508 0.101 0.102 1.303 0.511 0.101 0. 100 0.561 0.492
HS 1.790 0.521 0.100 0.100 1. 229 0.522 0. 100 0. 100 0.517 0.504
PSO 1.743 0.519 0.100 0.100 1. 308 0.519 0. 100 0. 100 0.514 0.546
ALPSO  1.898 0.513 0.100 0.100 1.258 0.513 0. 100 0. 100 0.520 0.518
ALSSO  1.900 0.511 0.100 0.100 1. 269 0.510 0. 100 0. 100 0.519 0.516
R’itEE
OB EE/Ib BARMA/psi BARE/in
Aw-Bs:  As-Ast  Ass-Ass  As-Asw Ag-An  An-An
GA 0.103 0.111 0.161 0.544 0. 379 0.521 383.12 22 425. 35 0. 250 2
ACO 0. 100 0.107 0.156 0.550 0. 390 0. 592 380. 24 22 448. 97 0.250 0
HS 0. 100 0.101 0.156 0.547 0. 442 0. 590 379. 27 25 018, 30 0.250 5
PSO 0. 100 0.110 0.162 0.509 0. 497 0. 562 381.91 22 435. 86 0.249 7
ALPSO  0.100 0. 100 0.157 0.546 0. 405 0. 566 379. 61 22 236. 99 0.250 1
ALSSO  0.100 0.101 0.156 0.550 0. 405 0. 564 379.59 22 368. 13 0.250 0
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AR (381.91 1b), R )" fu g B B T EE AL B4 72 AR R R R AR
FTEEHRGHIILERE. Fig.4 Iteration history of the 72-bar

W& VL AL AR B 38 i » S5 4 B 11K
BINE 4 B AL BT B BN 500,

spatial truss structure

ME 4 T LUE 7R 72 FFE AT RS AL AL



28

BERH SRR A FREBURLT K 171

A, AR B B AR BIR AL TRES 17
WERED RSB MR ERME N 379. 59
Ib, REABE S hr s B B F &M R I s W T3
R SR

TE 72 FFA R SR S5 # AR AL n] L 36 ) i A%
B B FEBEBMEL BN R R 3 B,
RHERZE(COV)—F Bk KBk 7k iz
et . FTE % REETE 30 W Lis &5 BiEg, Br
R EREARRES 54 100,200 1500,

£3 T2HAREMRERREIT R
Table 3  Statistical performance of

72-bar spatial truss structure

FEAE  Best Mean Worst SD cov

100 379.737 6 380.156 2 382.879 9 0.604 670 0.001 591
200 379.6001 379.737 3 380.017 7 0.100 794 0.000 265
500 379.5922 379.705 8 379.981 0 0.103 908 0.000 274
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Table 4 The optimization results for wing box structure
w"itER
IO HiZeFF BT /in SZHAR BATT/in
1 2 3 4 5 1,2 3,4 5
ACCESS1 4,045 00 0.100 10 0.100 10 0.133 00 0.100 20 0. 082 86 0.053 63 0. 037 86
Gallatly & Berke 0.650 50 0.100 10 0. 236 60 0.235 20 0.100 10 0.132 80 0.070 20 0. 044 90
Gallatly 1.043 10 0.103 60 0. 350 80 0.331 50 0.103 50 0.144 10 0.059 90 0. 043 50
ALSSO 0.100 00 0.100 00 0.100 00 0.100 00 0.592 90 0. 065 50 0.020 00 0. 020 00
witER
IO ZHREATT/in EE/Db
1 2 3 4 5 6 7 8
ACCESS1 0. 363 60 0.223 60 0.131 00 0.115 60 0.091 66 0. 020 00 0.020 00 0.030 96 402. 97
Gallatly&Berke 0. 087 60 0. 088 90 0. 080 80 0.076 80 0.081 50 0. 020 00 0.020 00 0.033 70 387.67
Gallatly 0. 087 60 0. 089 50 0.066 40 0. 055 30 0.053 70 0.021 90 0.021 50 0.025 60 389. 80
ALSSO 0. 205 50 0. 106 60 0.039 20 0.332 90 0.044 90 0. 020 00 0.020 00 0.020 00 241.50
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