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Discrete optimization design for cabin-skeleton coupling structure of
blended-wing-body underwater glider

DONG Huachao, WANG Peng', ZHANG Yijin
School of Marine Science and Technology, Northwestern Polytechnical University, Xi'an 710072, China

Abstract: [ Objectives ] The cabin-skeleton coupling structure of a blended-wing-body underwater glider is
optimized using a data-driven discrete optimization concept. [ Methods ] First, a Kriging-assisted discrete
global optimization algorithm (KDGO) is proposed for computationally expensive black-box problems. The
KDGO uses a novel infill-sampling strategy to capture discrete sample points with better performance, and in-
troduces a multi-start method with a data mining strategy, including multi-start optimization, projection,
sampling and selection. Second, a parametric cabin-skeleton coupling structure model is established using the
finite element analysis method under lifting deformation and deep-water pressure conditions. The float-to-
weight ratio and strength and stability of the cabin-skeleton structure are taken as the goal and constraints re-
spectively. Considering the interference between shape and cabin, and the coupling relationship between cabin
and skeleton, a discrete optimization mathematical model of the overall coupling structure is established. Fi-
nally, the discrete optimization algorithm and coupling structure simulation are combined to build an overall
optimization framework. [ Results | By using KDGO to conduct 200 function evaluations and comparing the
optimal feasible points in design of experiments (DoE) with the global optimal feasible points after optimiza-
tion, it is found that the optimized float-to-weight ratio of the coupling structure is increased by nearly 40%,
representing satisfactory results. [ Conclusion | The results of this study can provide valuable references for
the cabin-skeleton coupling structure design of blended-wing-body underwater gliders.

Key words: Kriging model; data mining; structural design; structural optimization; parametric model-
ing; finite element analysis (FEA)
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Fig. 8 Iteration curves of cabin volume and interference situation
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Fig. 9 Model comparison before and after optimization
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Table 2 Comparison of discrete parameters of wing ribs

=¥ DoE# Al 4R iRl
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Nf6 1 1
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Table3 Comparison of other parameters of coupling structure
ZH DoEfff iy
[,/mm 282.5 290
IS 0.25 0.15
I 0.45 0.51
Is 0.7 0.88
R/mm 91.5 100
R,/mm 78 90
Ry/mm 26 24
ts/mm 8 8
t/mm 9.5 8
t/mm 14 12
G/mm 442 401
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Table 4 Comparison of output results
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Fig. 10 Comparison of simulated deformation distribution and stress contours before and after coupling structure optimization
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