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Abstract The pressure hull is the most important key structure to a deep-sea submersible, whose safety and overal
performance depend on the integrity of the pressure hull. The current single shell design of the pressure hull is reviewe
and a new design based on the multilayer and pressure redistribution mechanism is also proposed in this study. The desi
is inspired by two deep-sea animals of sperm whale and nautilus. The two mechanisms, the multilayer structure of spern
whale and the shell substructure divided by the septa of nautilus, are synthesized in the design to improve the pressur
bearing capacity of the hull. Compared with the one layer structure of the pressure hull, the new design increases both th
structural strength and buckling load. Furthermore, the new design can also significantly improve the overall performance
of the deep-sea submersible by enlarging the hull volume, enhancing its reliability and lessening the technical challenge
of fabricating ultra-thick shell structure. Because the truss structure is introduced in the new shell designfediicalg

divides a spherical shell into several substructures of cylindrical shell, a formula is strictly derived to evaluate the truss
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effect on the buckling load bearing capability of a cylindrical shell. Tl#edénce between the newly derived formula and
the formula of the Taylor basin, which is summarized from the experimental data and widely used as a standard for the
current design of submersible shell, is only 6%. Furthermore, this new derivation also lays a solid theoretical foundation

for our new shell design.
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Table 1 The key parameters of the pressure hulls of deep-sea submersibles designed by various countries

Country/ Inner radiug  Shell thickness Material Maximum diving ~ Stresg  Density  Safety
submersible name m mm depthYm MPa (t-m3) factor
USA/DSV Alvin 2.0 49 steel and titanium alloy 4500 503 1046 1.5
Francé¢Nautile 2.1 73 titanium alloy 6000 492 0.91 1.5
RussigConsul 2.1 77 titanium alloy 6000 469 0.86 1.5
JapayShinkai 6 500 2.0 73.5 titanium alloy 6500 507 0.86 15
USA/(new) DSV Alvin 2.1 71.3 titanium alloy 6500 484 0.80 15
ChingJiaolong 2.1 77 titanium alloy 7000 548 0.86 15
USA/Deep sea challenger 11 66 steel 10908 566 2.25 14
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Fig.2 The free body diagram of one-layer shell
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Fig.4 Free body diagram of a two—layer pressure hull
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Fig.5 The comparison between the von Mises stress distributions of

one-layer and two-layer pressure hulls (the two layer hull is with
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Fig.8 Scanning electron microscopy representation of the thoracic rete,

after freeze-cracking of the sample in liquid nitrogen, showing arteries
(a) and sinusoids (s) embedded in fat'f) The arteries and sinusoids
are major components of rete mirabile with the function of collecting
nitrogen and carbon dioxide. As a result, the pressure inside rete
mirabile increases with a minor decrease of the sperm whale
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