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Abstract: In order to assess the rapid assessment and design optimization of the protective performance of flexible support
plate structure subjected to underwater explosion, a high-confidence simulation method was first established for the protective
performance of flexible support plate structure subjected to underwater explosion. Subsequently, underwater explosion tests
were conducted on the flexible support plate structure to validate the computational accuracy of the developed high-confidence
simulation method by comparing the deformation between the simulation results and the experimental results. The thickness of
the blast-facing panel, the thickness of the flexible supports, and the thickness of the stiffened web were identified as the three
key characteristic parameters that influence the protective performance of the flexible support plate. Utilizing optimized Latin-
hypercube sampling method, 15 sample conditions were extracted from the sample space. The validated high-confidence
simulation method was then used to generate protective performance data for these 15 sample conditions, which was
subsequently employed to construct a proxy model for rapid assessment of the protective performance of the flexible support
plates by using a radial basis function (RBF) neural network. The accuracy of the proxy model was assessed using 5 randomly

selected conditions, and the results showed that the prediction error was within 7%, indicating a high level of prediction
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accuracy. The multi-island genetic algorithm (MIGA) was applied to the proxy model to perform multi-objective optimization
and obtain a pareto set of solutions. The condition with the maximum specific ultimate energy absorption per unit mass was
selected as the optimal structural parameters for the flexible support plate, achieving the goals of enhancing the ultimate
protective performance and reducing the total structural mass. The rapid prediction and optimization method developed in this
study provides significant technical support for the design and optimization of flexible support plate, ensuring both effective
protection and weight savings.

Keywords: underwater explosion; flexible support plate; protective effectiveness; sampling method; neural network; multi

objective optimization
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Table 1 J-C constitutive and failure parameter settings for steel material ™"

A/MPa B/MPa n m C IR B /um
706 648 0.58 0 0.01 1
D, D, D, D, D; &o/s!
0.272 -0.073 —0.65 —-0.003 0 1
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Fig. 6 Test model for flexible support plate structure
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AMPa  B/MPa n m c IR B /um
360 300 0.547 0 0.046 1
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-0.091 1.532 —0.091 0 0 1
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Fig. 8 Underwater explosion deformation of experimental model
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Fig. 9 Deformation of the explosion facing panel in simulation
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Table4 Comparison between experimental results and high-precision simulation results

wRHE B AR K B T A K
15 F/m S8 /m PR /% i B/m SEI/m RE/% 15 E/m SH/m RI2/%
0.241 0.233 3.4 1.358 1.342 12 2.565 2.546 0.7

w5 MERTHTIHEEROEM

Table S The influence of grid size on calculation results
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Table 8 Optimized Pareto frontier solution set
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