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based on confidence intervals and its application

QIAN Jiachang", CHENG Yuansheng', ZHANG Jinlan”

1 School of Naval Architecture and Ocean Engineering, Huazhong University of
Science and Technology, Wuhan 430074, China
2 Wuhan Second Ship Design and Research Institute, Wuhan 430205, China

Abstract: [ Objectives | This study addresses the problem of time-consuming simulation in the optimiza-
tion design of underwater structures. Focusing on time-consuming and non-time-consuming targets and con-
straints, it proposes an optimization method for constrained sequential surrogate models in the case of multi-fi-
delity data sources. [ Methods ] A multi-fidelity sequential constraint updating optimization approach based
on confidence intervals and the Co-Kriging surrogate model (MF-SCU-CI) is proposed. The Co-H function is
established to take into consideration the uncertainty of the surrogate model and the correlation degree and
time consumption ratio of the high/low fidelity model. Three typical numerical test functions and an engineer-
ing example of longitudinal and transverse stiffened conical shell structure for vibration optimization are then
tested. [ Results ] The results demonstrate that the feasibility ratio and effectiveness of the MF-SCU-CI
method are better than those of the existing SCU-CI method. In addition, the MF-SCU-CI method can further
reduce the number of simulation runs. [ Conclusions ] The proposed MF-SCU-CI method shows great poten-
tial for practical simulation-based engineering design optimization.
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Fig. 1 Flowchart of the proposed MF-SCU-CI algorithm
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Table 2 Feasibility ratios of numerical test examples under different benchmark funcitons
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Fig. 2 The model of longitudinal and transverse stiffened conical
shell structure
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Table 3 Design variables and their range of values
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Table 4 Optimization design results

SCU-CI MF-SCU-CI
WITARE  GA
BIER  BIER BIERT  BIER

X1 232 258 245 272 288
X2 15 14 15 14 16
X3 119 121 111 109 101
X4 19 16 14 18 14
X5 115 110 114 127 105
X6 9 6 9 8 7
X7 59 52 58 45 50
X3 13 11 10 7 11
X9 17 19 20 18 18
X10 8 7 8 6 8

x5 AEAXERNE

Table 5 Result comparision of different methods
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g —0.0005 —0.0057 —0.0071 —0.0103 —0.0055
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Fig. 3 Convergence curves of three methods
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