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Abstract:- The design of composite submarine pressure
hull is optimize the Stress and Failure index into
consideration using ANSYS Software and Tsai-Wu
Failure theory. The FEA value is compared with
theoretical results. The composite of EPOXY resin and
E-GLASS fiber is used to optimize the failure criteria
by using ANSYS software. The failure index o the
isentropic and orthotropic material should be less than
1 as per the Tsai-Wu criteria. The pressure hull is used
to many structural applications such that Pressure
Vessels, Aircrafts and Nuclear Submarines. The Failure
index value is vary from applied load.
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I INTRODUCTION

Variety of composite structural mode is increased. It
is used to Aerospace applications. [1]The composite
submarine pressure hull is designed. It is used to withstand
the hydrostatic load and pressure. [2]The main
development of composite submarine designs will be reach
the higher depth of underwater .It have a two hulls, there
are inner hull and outer hull. Inner hull is used to maintain
the integrity. Outer hull is used to withstand the hydrostatic
pressure. [3]The hull is depends upon the external water
pressure when the vehicle goes in deep underwater.
Composites are used to construction of underwater vehicle
due to more weight, strength, stiffness and more corrosion
resistance. [4]The main structure of submarines consists of
two hulls, one is inner hull and another one is outer hull
Inner hull is used to withstand the hydrostatic pressure and
the outer hull is used to control the hydrodynamic loads. [5]
Underwater vehicles subjected to external pressure are
typically cylindrical and spherical. Buckling can occur for
such structures, and the load capacity would be
dramatically reduced. There has been considerable amount
of work carried out on buckling analysis of composites
structures. Predicted the minimum buckling pressure of
composite shell by two different approached. [6]In this
study, analyse the composite submarine pressure hull under
external pressure. The work is validation from theoretical
value and FEA value. It is used to minimize the induced
stress on material under load condition.
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1. SUBMARINE PRESSURE HULL

Submarines are created by using the underwater
operations. The main structure of submarines consists of
two hulls, one is inner hull and another one is outer hull
Inner hull is used to withstand the hydrostatic pressure and
the outer hull is used to control the hydrodynamic loads. It
is used to underwater research and rescue.

Fi 1:- Submarine Structure (Surfaced Condition).

» Outer Hull and Pressure Hull

The design of submarines have a single or double
hulls, one is inner hull and another one is outer hull Inner
hull is used to withstand the hydrostatic pressure and the
outer hull is used to control the hydrodynamic loads. It is
also known as pressure hull.

Quter Hull

Fig 2:- Pressure hull and Outer hull

> Material Property

The material of submarines must be withstood the
environment and the higher external pressure. Mostly used
in materials for design of pressure hull is steels, aluminum,
titanium etc.., It is constructed from Epoxy matrix and E-
Glass fiber because it have a high strength and stiffness.
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» Material Property for steel
Young's modulus(E)=2e5 N/mm~2
Poisson Ratio=0.3 Finite Element Analysis of sample

Applied Pressure=10 N/mm”2

» Strength Properties of Steel . . . . e
Failure index determined using Tsai-Whu criteria

—¢ _cog N
Sur =S¢ =520 /mm2 for sample
Sre=Src=3% N/,

Ser=186 N/, I

F,=0,F,=0,F;=0

Validation of result[Sample ]

» Mechanical Properties of Epoxy/E-glass
E.. = 3.4412 GPa

E,, = E,, = 6.531 GPa L

Gxy = Gzx = 2433 GPa FEA of Submarine pressure hull

Gy, = 1.698 GPa

Uyy = Uy = 0.217

v,, = 0.336 Y

6K
p=1.976x107° g/mms Failure index determined using Tsai-Whu criteria
for submarine pressure hull

» Strength Properties of Epoxy/E-glass

Xr =674 MPa

Xc =420 MPa

Yr =520 MPa Validation of result[Submarine Pressure Hull]
Y. = 406 MPa

S, =282 MPa -

S, = 306 MPa Fig 3

«» Validation of Finite Element Analysis

ANSYS, commercial software for finite element
analysis, was used for the Failure Index analysis. which
contained 4-node quadrilateral elements for the cylindrical.
The FEA model is as shown in Figure 3. The forces
specified on the finite element were the same as those of

% TSAI-WU FAILURE THEORY

This theory is used to orthotropic composite materials
only. Tsai-Wu criterion predicts failure when
the failure index value is reaches 1.
F1011 + F,055 4 F3033 + F110f1 + Fp503, + F33043 +

2F,,04,0,, <1...(1 - - .
127z ¢ M 11 underwater vehicles loading condition.
1 = —— — , FZ = —_—— — , F3 = 0
St Sic Sttt Stc . .
F.. = . F. = Foy = — » Result of Pressure Hull for Isentropic Material for Steel
11 4 22 ’ 33 2
SLtSLe STtSTC SiTs

1 1
Fi, = _E(Fanz) /2

215

:- Vonmises Stress Diagram

Fig

1. METHODOLOGY
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Fig 5:- Failure Index

V. RESULT ANALYSIS
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The pressure hull was analyzed with the respective

properties of the Epoxy resin and E-glass fiber material to
obtain the failure index values for various pressure. The
table 1 shows the values of failure index and pressure.

Pressure (N/mm?) Failure Index
5 -0.2623E 1
10 -0.2176E 701
15 0.1455
20 0.5180
21 0.6119
22 0.7124
23 0.8193
24 0.9327
25 1.0526

Results Stress Value Failure
In(N/mm?) Index(Tsai-wu)
Finite Element 304.035 0.3434
Analysis Result
Theoretical 333.33 0.5965
Result

Table 1:- Result Analysis for Isentropic Steel Material

» Result of Pressure Hull for Orthotropic Material
(Epoxy & E-Glass)

Table 2:- Failure Index Values for Various Pressure

Fig 7:- Failure Index (Epoxy/E-Glass)
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Fig 8:- Failure Index & Pressure
Results Stress Value Failure Index
In(N/mm?) (Tsai-wu)
Finite Element 728.101 0.9327
Analysis Result
Theoretical 800 0.8928
Result

Table 3:- Result Analysis for Composite Material
(Epoxy&E-GlassFiber)

V. CONCLUSION

In this paper, evaluate the failure index of submarine
pressure hull by using Tsai-Wu criteria. This criterion is
used to predict the failure index. The failure index value is
more than 1 the material will be failure. The failure index
value is less than 1 the material will be safe. The above
materials should be better results than other materials.
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