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Buckling of spherical shells subjected to external pressure: A comparison
of experimental and theoretical data ( #5&% )

Jian Zhang" b Meng Zhang"* , Wenxian Tang", Weibo Wangi' , Minglu Wang®(1E& R £ ()
*Jiangsu University of Science and Technology, Zhenjiang, Jiangsu, 212003, China
®Chinese Ship Scientific Research Center, Wuxi, Jiangsu, 214082, China

Abstract: This paper focuses on spherical shells under uniform external pressure. (545 #/f 57 2] )
Ten laboratory scale models, each with a nominal diameter of 150 mm, were tested. Half of them
were manufactured from a 0.4-mm stainless steel sheet, whereas the remaining five shells were
manufactured from a 0.7-mm sheet. The geometry, wall thickness, buckling load, and final
collapsed mode of each spherical shell were measured, as well as the material properties of the
corresponding sheet. The buckling behaviors of these shells were demonstrated analytically and
numerically according to experimental data. Analyses involved considering the average geometry,
average wall thicknesses, and average elastic material properties. Numerical calculations entailed
considering the true geometry, average wall thicknesses, and elastic-plastic modeling of true stress-
strain curves. Moreover, the effects of purely elastic and elastic-perfectly plastic models on the

buckling loads of spherical shells were examined numerically. ( #f 3% 7 /%) The results of the
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experimental, analytical, and numerical investigations were compared in tables and figures. (#5525
RHFFELEIE)

Keywords: spherical shell, 304 steel, buckling, external pressure, numerical solution
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Investigation on Egg-shaped Pressure Hulls

Jian Zhang''? | Minglu Wang' , Weibo Wang’ , Wenxian Tang' , Yongmei Zhu'
(1 Jiangsu University of Science and Technology, Zhenjiang, Jiangsu, 212003, China;
2 Chinese Ship Scientific Research Center, Wuxi, Jiangsu, 214082, China)

Abstract: Spherical shells are presently the most extensively used shapes for pressure hulls in the
deep manned submersible. However, it is known that the spherical pressure hull has disadvantages of
difficult interior arrangement/low space efficiency, and 1is highly sensitive to geometric
imperfections. These limitations have prevented further developments of the deep manned submersible
to some extent. In order to overcome these limitations, two egg-shaped pressure hulls respectively
with the constant and variable thickness are proposed in this paper, where the equivalent spherical
pressure hull is also presented for comparison. Buckling of these pressure hulls with geometric
imperfections are further studied using numerical analyses at a given design load. It is found that,
with respect to hull strength, buoyancy reserve, and space efficiency etc., egg-shaped pressure
hulls could be optimally coordinated, which appear to be leading to overall better performance than
the spherical pressure hull. Especially, the egg-shaped pressure hull is quite less sensitive to the
geometric imperfections, making it more convenient and low costly to form the hull in manufacturing
or to open holes in applications. It is anticipated that egg-shaped pressure hulls will play a key role in
the future development of deep-sea manned submersibles.

Keywords: pressure hull; egg-shaped shell; buckling; imperfection sensitivity

(4) scfia
Buckling of Egg-shaped Shells Subjected to External Pressure

Jian Zhang® ", Minglu Wang" * , Weibo Wang", Wenxian Tang'
*Jiangsu University of Science and Technology, Zhenjiang, Jiangsu, 212003, China
"Chinese Ship Scientific Research Center, Wuxi, Jiangsu, 214082, China

Abstract: The subject of the present paper is a family of egg-shaped shells. The meridian of these
shells resembles that of a goose egg. The capacity and mass of the shell were maintained constant. The
ratio of the minor B to the major L axis of the shell was determined according to the experimental
results of the analysis of 333 goose eggs. Fourteen B/L ratios were determined as follows: 0.4, 0.5,
0.6, 0.65, 0.66, 0.67, 0.68, 0.69, 0.70, 0.71, 0.72, 0.8, 0.9 and 1. 0. The effect of the ratio on
the buckling behavior of the egg-shaped shell was numerically and analytically analyzed.

Keywords: shell of revolution, egg-shaped shell, goose egg, buckling, external pressure
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.. .. has attracted (received) much attention.

.. .. has generated considerable recent research interest.
... are attracting widespread interest in fields such as . ..
... 1s of great concern.

... is of growing interest.

Much research has been focused on . ..

A major current focus is how to . ..

(2) R—A~FRAag[n)

... 1Is a basic subject in regard to . . .



