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Data-driven weight-stability dual-objective optimization of
slender ring-stiffened cylindrical shells
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Abstract: In the multi-objective optimization of slender ring-stiffened cylindrical shells, it is difficult to
balance the structural lightweight and critical pressure for overall instability, which restricts the improvement
of the performance of Autonomous Underwater Vehicle. In this paper, a data-driven multi-objective
optimization strategy is proposed, which can improve the critical pressure for overall instability and reduce
the weight of the structure. Firstly, based on the error convergence criterion and accuracy requirement, the
appropriate training set size is found in this strategy through iteration, and a low-cost and high-precision
surrogate model is constructed. Then, the second-generation non-dominated sorting genetic algorithm is used
to obtain the Pareto solution set. The non-inferior solution is screened by the minimum distance method based
on maximum and minimum normalization, and the optimal design scheme with a well-balanced performance
is obtained by combining the local accuracy enhancement strategy of the surrogate model. Using the
optimization strategy proposed in this paper, the structural weight of the slender ring-stiffened cylindrical

shell is reduced by 9.1%, and the critical pressure for the overall stability is increased by 13.4%. An effective
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design to improve the stability of the ring-stiffened cylindrical shell without increasing its weight is to
increase the thickness of the cylindrical shell, increase the height of the stiffeners, and reduce their number.
Key words: slender ring-stiffened cylindrical shell; optimization design; the critical pressure for overall

instability; minimum altitude distance method
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Fig.1 Flow chart of data-driven multi-objective optimization strategy
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Fig.2 The whole and cabin structure diagram of slender ring-

stiffened cylindrical shell
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Tab.5 Relative error check of weight and critical pressure for overall stability
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Fig.7 Comparison of the middle cabin displacement cloud diagram between the initial design scheme and the optimal design
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