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Abstract

Pressure hulls are the central load bearing structures of naval submarines, and AUVs ( autonomous underwater vehicles).. A pressure
hull is a structure that is designed to resist the compressive forces related with hydrostatic pressure. The most coherent geometries for
resisting these compressive forces are annular cross-sections, and thus, pressure hulls are typically composed of a combination of cones
and ring-stiffened cylinders, with torispherical domes or spherical at either end. These shells are subject to an external pressure of 65 Bar
due to the difference between outside and inside pressure.In the current paper, 3-D Modelling are carried out as per ASME codes to
endure the pressure of 65 Bar. At length to thickness ratio of the pressure hull is very large, both 3D shell and 3D solid FEA models were
developed and analyzed using Ansys Simulation. The 3D modeling of the assembly has used UNIGRAPHICS software and Finite

element analysis is done using ANSY S-Hyper Mesh software.
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1. Introductin About Pressure Hull:

An AUV ( Autonomous underwater vehicle ) is arobot which
travels underwater without requiring input from an promoter.
AUVs comprise a part of a massive group of undersea systems
known as unmanned underwater vehicles, a category that includes
non-independent ROVs ( Remotely operated underwater vehicles )
— controlled and powered from the surface by an pilot/operator via
an using remote control or umbilical. In military applications
Autonomous underwater vehicle (AUVs) more often referred to
simply as UUVs( Unmanned undersea vehicles ). The first
Autonomous underwater vehicle was developed at the Applied
Physics Laboratory at the University of Washington from now on
1957 by Bob Francois, Stan Murphy, and later on, Terry Ewart.

Fig. 1: Modern submarine

submarine design is furnished by Arentzen and Mandel [1]. All
small modern submarines and submersibles, also the oldest ones,
have a sole hull. However, for massive submarines, the
approaches have separated. All Soviet heavy submarines are built
with apaired hull structure. The term pressure hull can be
describe as the inner hull of a submarine, in which approximately
standard pressure is maintained when the vessel is immersed.
Submarines are designed to use at great depths. The Hull
structure, which is a very important part of the submarine become
more and more important since its strength is the main concern.
When immersed or submerged, the water pressure on the
submarine hull increases while the pressure inside stays the same
i.e., one atmospheric pressure McDaniel, [2].

John R. MacKay [3] presented the paper on “Structural
Analysis and Design of Pressure Hulls: the State of the Art
and Future Trends” which explains that Pressure hulls are the
central load bearing structures of naval submarines, research
submersibles and autonomous underwater vehicles (AUVs) and
commercial. The many similitude between pressure hull, some
civil engineering structures, offshore, and aerospace signify that
advances in one group are often relevant to the others, and thus
this document is sometimes worried with the whole collection of
thin-walled curved structures designed for unreliability, referred to
hereafter as buckling-critical shells. The modern pressure hull
structural analysis and design is accepted in this document by: 1)
reviewing novel design procedures for buckling critical shell
structures; 2) explaining the nature of structural strength, and
associated weaknesses, in pressure hulls; 3) summarizing
traditional and contemporary structural analysis and design
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methods for pressure and 4) hulls identifying trends with respect
to numerical modeling of buckling-critical shell structures. It is
proposed that the layered conservatism of the modern design
approach could be enhance by the use of nonlinear numerical
methods for strength forecast, and a way forward is suggested that
would permit pressure hull design

Liam Gannon [4] presented a paper on “Prediction of the
Effects of Cold Bending on Submarine Pressure Hull
Collapse” which explains Submarine pressure hull frames and
shell plating are shaped by cold bending during fabrication. Cold
bending introduces significant residual stress in these components
which can be detrimental to the strength of the structure. This
study evaluates different methods of consolidate cold bending
residual stresses in the evaluation of pressure hulls considering
different out of circularity mode shapes. Several methods of
pressure hull collapse analysis are compared considering
interframe and overall collapse modes. These include an empirical
method, a finite difference method and the finite element method.
Collapse pressures predicted using the methods prescribed in the
UK MoD submarine structure design standard, SSP 74, are found
to be conservative when compared with results from finite element
analysis. Collapse pressures predicted using effective stress-strain
curves to incorporate the consequence of cold bending residual
stress an finite element models agree well with those predicted by
explicitly modeling the cold bending process. This indicates that
the use of effective stress, strain curves is an acceptable means of
accounting for the influence of cold bending residual stress of the
collapse pressure of a submarine pressure hull.

Finite element is an essential and powerful tool for solving
structural problem. FEM can be used for a variety of linear,
nonlinear and structural stability problems. FEA package ANSYS
is used for modeling by UNIGRAPHICS and analysis for
hypermesh of the structure. ANSYS is a general purpose software
used for different types of structural analysis mainly for marine
structures .It provides a strong pre and post processing tool for
hyper mesh generation from only geometry origin to produce
almost any element type. Stiffeners are modeled by beam element
and cylindrical shell is modeled by shell elements (Paleti
Srinivas) et al, [5]. ANSYS hire Newton Raphson approach to
resolve nonlinear problem. (Prabu) et al, [6]. In this problem the
loads are split up into a sequence of load increments. The load
enhancement are applied over several load steps. The iterative
process continues until the problem coincide.

2. Modeling and Simulation

2.1. 3-D Design and Analysis of Pressure Hull using
Hyper Mesh:

3D model of the pressure hull assembly is as shown in below
figure 2. Structural analysis, external pressure of 65bar is applied
on the outer surface

eLength overall =2 m.

ePressure hull diameter = 0.5 m.

eLayout = Single diameter ring stiffened cylinder with domed
ends.

eSubmerged displacement = 875 tonnes.

Initially, structural analysis is carried out by using shell63 element
(Quard element), which is a 3D element having 4 nodes and 6
DOF (Ux, Uy, and Uz, Rotx, Roty, and Rotz) at each node. And
then, a 3D solid element-Solid92 (Tet element) is used for
structural analysis. This element has 10 nodes and 3DOF (Ux, Uy,
Uz) at each node. After completion of these analyses, we are
comparing the results in both the cases. The material used for the
construction of the Pressure hull is AH36 steel. The mechanical
properties are mentioned below:

Young’s Modulus (Ex) =2.0 X 10° MPa

Poisson’s Ratio = 0.3

Density = 7850 kg/mm3

Yield strength = 610 MPa

Navigation compartment

Battery compartment

L " Frontand reardishes

Fig. 2: Assembly of the pressure hull

2.2 FEA Analysis- HYPER MESH

General FEA is pre and post processor. Hypermesh is a high
execution, and FEA is pre and post processor for majorfinite
element and finite element solvers which authorize the engineers
to analyze design conditions in a visual environment and highly
interactive. Hypermesh 's user interface is easy-peasy to learn to
support the direct use of CAD geometry and existing the FEA
models providing robust efficiency and interoperability. Advanced
automation tools within hypermesh allows users to optimize
meshes from a set of quality basis change existing meshes through
generate mid surfaces from models of varying thickness and
morphing.

2.2.1 Shell 63 Element:

SHELLG63 has two considered together bending and membrane
capabilities. Both normal and in-plane loads are authorized. The
element has 6 degrees of freedom at every one node: translations
in the nodal X, Y, & Z directions and rotations about the nodal X,
Y, & Z-axes. Stress stiffening and large deflection capabilities are
covered. A consistent tangent stiffness matrix possibility is
available for use in large deflection, and finite rotation analyses.
No of Nodes 4

No of DOF : 6 (Ux, Uy,and Uz, Rotx, Roty, and Rotz)

SHELL63 Geometry
'
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Fig. 3: Geometry of Shell 63 Element
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Input Data:

The Coordinate system, node locations, and the geometry, for this
element are shown in Figure3. SHELL63 Geometry- The element
is defined by 4 nodes, 4 thicknesses, an orthotropic material
properties, and the elastic foundation stiffness.  Orthotropic
material directions parallel to the element coordinate directions.
The element coordinate system location is as described in
Coordinate Systems. The element x-axis may be rotated by an
angle ( THETA - in degrees). Number of elements generated in a
FEM of the pressure hull using shell 63 element type is 65000
elements, and 1, 23,459 nodes.

Boundary conditions:

o All DOF is constrained at the both ends.
o The external pressure of 65bar (6.5 MPa) is applied on the areas.
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Extemal pressure of
6.3 MPa is applied

L

Fig. 4: The above figure shows Mesh type of FEA Model of the pressure
hull by using shell 63 Element
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Fig.5: The above figure shows the complete constrained outside of the hull
by using Shell 63 Element

2.2.2 Solid 92 Element:

An auxiliary to using structural shell elements is the use of
continuum, or solid, elements. The element solid92- is defined by
10 nodes having 3 degrees of freedom at each node: translations in
the nodal X, Y, & Z- directions. SOLID92 has a quadratic
displacement comportment and is well suited to model
asymmetrical meshes.

Input Data:

Element type : Solid 92

Number. of Nodes: Ten

Degrees of freedom: 3 (Ux, Uy,& Uz)

The below figure shows the FEA Model of the pressure hull.

L

Fig.6: Solid92 geometry

Number of elements generated in a FEA Model of the pressure
hull using solid 92 element type is 58576 elements, and 1, 12,876
nodes.

Boundary conditions:

o All DOF is constrained at the both ends.

o The External pressure of 65bar (6.5 MPa) is applied to the outer
areas.
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NOV 062017
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Fig. 7: Mesh type of the Solid 92 Element
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Fig. 8: Solid Mesh with fully Constrained outside by using solid 92 Element

Results and Discussion

Table 1: Shell 63 Element Vs Solid 92 Element

Shell 63 Element

Solid 92 Element

1) Deflections of the Pressure Hull = 0.521856 mm
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1) Deflections of the Pressure Hull = 0.506723 mm
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2) Displacements of the pressure hull in X-direction = 0.37734 mm
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3) Displacements of the pressure hull in Y-direction = 0.066296 mm | 3) Displacements of the pressure hull in Y-direction =
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4) Deflections of the Pressure Hull in Z — direction = 0.467371 mm 4) Deflections of the Pressure Hull in Z — direction =
AN 0.380839 mm
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5) 15 Principal Stress in the Pressure Hull. = 241.423 Mpa. 5) 15t Principal Stress in the Pressure Hull. =
201.703 Mpa
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6) Von mises plots of the pressure hull = 392.391 Mpa. 6). Von mises plots of the pressure hull = 410.337 Mpa.
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7 Von mises plots of the Battery Charger = 392.391 Mpa 7). Von mises plots of the Battery Charger = 410.337 Mpa
wonar sourria AN winar sourrzes AN
L
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8) Von mises plots of the Navigation Chamber =  80.153 Mpa 8). Von mises plots of the Navigation Chamber = 282.034 Mpa
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3. Conclusions

Structural Analysis is carried out by applying external pressure of
6.5 Mpa. The following results are observed Pressure hull is
meshed with shell 63 and solid 92 elements and results are

tabulated below.

From the below table 2, Von mises stresses are same in both the
cases. These stresses are below the yield strength (610 MPa). So,

the design is safe.

Table 2: Results Comparison with Yield strength

Element USUM 1t Principal Von mises
Type mm Stress MPa stress MPa
Shell 63 0.521856 241.423 392.391
Solid 92 0.56723 201.703 410.337
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