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   Abstract— Ring stiffened cylindrical shells are used in many structural applications, such as pressure vessels, 

submarine hulls, aircrafts, launch vehicles, and waterborne ballistic missiles. Most of these structures are required to 

operate while subjected to some form of dynamic loading and some of these can be quite severe. Submerged structures, 

such as submarines, torpedoes, and waterborne missiles, are all subjected to external pressure and are required to operate 

in a variety of environments where they can be subjected to different loads and conditions. Therefore, the analysis of the 

dynamic characteristics of these shells under external water pressure is crucial to ensure safe and successful designs. The 

aim of the project undertaken was to do the design optimization of the cylindrical section of a submarine pressure hull 

using finite element analysis and strengthen it accordingly. As the pressure hull is subjected to huge dynamic loads, we 

have analyzed the pressure hull for vibrations and shock loads. To do this, we have considered the finite element method 

for vibration and shock analysis of submerged structure and finally by using ANSYS software.  

 

Index Terms— Autonomous Underwater Vehicle, Finite Element Analysis, Pressure Hull, Ring Stiffened cylinders 

and cones. 

 

I. INTRODUCTION 

Autonomous Underwater Vehicles (AUVs) are programmable, robotic vehicles that, depending on their design, 

can drift, drive, or glide through the ocean without real-time control by human operators. Some AUVs 

communicate with operators periodically or continuously through satellite signals or underwater acoustic 

beacons to permit some level of control. 

 

AUVs allow scientists to conduct other experiments from a surface ship while the vehicle is off collecting data 

elsewhere on the surface or in the deep ocean. Some AUVs can also make decisions on their own, changing 

their mission profile based on environmental data they receive through sensors while under way. 

 

The first AUV was developed at the Applied Physics Laboratory at the University of Washington as early as 

1957 by Stan Murphy, Bob Francois and later on, Terry Ewart.  

The term light hull (casing) is used to describe the outer hull of a submarine, which houses the pressure hull, 

providing hydro dynamically efficient shape, but not holding pressure difference. The term pressure hull is used 

to describe the inner hull of a submarine, which holds the difference between outside and inside pressure. 

 

 
Fig 1 Image of an AUV 

http://en.wikipedia.org/wiki/University_of_Washington
http://en.wikipedia.org/wiki/Submarine
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Pressure hulls are the main load bearing structures of naval submarines, and autonomous underwater vehicles 

(AUVs).  A pressure hull is a structure that is designed to withstand the compressive forces associated with 

hydrostatic pressure. The most efficient geometries for resisting these compressive forces are circular cross-

sections, and thus, pressure hulls are typically composed of a combination of ring-stiffened cylinders and cones, 

with spherical or torispherical domes at either end. The design and manufacturing process of a pressure hull is a 

cumbersome engineering challenge because of the extreme pressure conditions and extremely low tolerances 

required. The pressure hull has been calculated and designed under the ASME rules, and Finite Element Method 

(FEM) simulations have been performed.  The pressure hull is composed of a stainless steel body with two 

acrylic spherical sectors; The steel has been specially selected due to its excellent mechanical properties and its 

high corrosion resistance. 

 

All small modern submarines and submersibles, as well as the oldest ones, have a single hull. However, for 

large submarines, the approaches have separated. All Soviet heavy submarines are built with a double 

hull structure. 

 

Inside the outer hull there is a strong hull, or pressure hull, which actually withstands the outside pressure and 

has normal atmospheric pressure inside. The pressure hull is generally constructed of thick high-strength steel 

with a complex structure and high strength reserve, and is separated with watertight bulkheads into 

several compartments. The pressure and light hulls aren't separated, and form a three-dimensional structure with 

increased strength. The inner hull space is used for some of the equipment which doesn't require constant 

pressure to operate. The list significantly differs between submarines, and generally includes different water/air 

tanks. In case of a single-hull submarine, the light hull and the pressure hull are the same except for the bow and 

stern.  

 

The term pressure hull can be defined as the inner hull of a submarine, in which approximately normal pressure 

is maintained when the vessel is submerged. 

The task of building a pressure hull is very difficult. No matter how large the submarine is, its hull must be 

constructed with high precision. Inevitable minor deviations are resisted by the stiffener rings, but even a one 

inch (25 mm) deviation from roundness results in over 30 percent decrease of hydrostatic load. 

 

 
Fig 2 Fabricated model of Pressure Hulls used for analysis 

 

II. APPLICATIONS 

 The oil and gas industry uses AUVs to make detailed maps of the seafloor before they start building 

subsea infrastructure; pipelines and subsea completions can be installed in the most cost effective 

manner with minimum disruption to the environment.  

 A typical military mission for an AUV is to map an area to determine if there are any mines, or to 

monitor a protected area (such as a harbor) for new unidentified objects. AUVs are also employed in 

anti-submarine warfare, to aid in the detection of manned submarines. 

 Scientists use AUVs to study lakes, the ocean, and the ocean floor. A variety of sensors can be affixed 

to AUVs to measure the concentration of various elements or compounds, the absorption or reflection 

of light, and the presence of microscopic life.  

 

III. PROBLEM DEFINITION 

The aim of the project undertaken was to do the design optimization of the cylindrical section of a submarine 

pressure hull using finite element analysis and strengthen it accordingly. This pressure hull is subjected to a 

http://en.wikipedia.org/wiki/Double_hull
http://en.wikipedia.org/wiki/Double_hull
http://en.wikipedia.org/wiki/Double_hull
http://en.wikipedia.org/wiki/Bulkhead_(partition)
http://en.wikipedia.org/wiki/Compartmentalization_(fire_protection)
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hydrostatic pressure of 65 Bar due to the difference between outside and inside pressure. So initially a structural 

static analysis was done to check the deflections and stresses. As the pressure hull is subjected to huge dynamic 

loads, we have analyzed the pressure hull for vibrations and shock loads. The pressure hull operates in the 

frequency range of 0-300Hz.So it has to be resonant free. Modal analysis has been carried out on the initial 

pressure hull model and calculated the natural frequencies. It was observed that there were two natural 

frequencies in the frequency range of 0-300Hz.Efforts have been made to shift these natural frequencies above 

the operating range of 300Hz.To achieve this gussets have been added to the pressure hull also the structure has 

been studied for its response due to random vibrations to ensure the safety of the pressure hull in X, Y and Z 

directions. 

 

Further pressure hull is subjected to shock loads. The pressure hull is subjected to a shock load of 40g.To ensure 

the safety of pressure hull for such shock loads, transient dynamic analysis was carried out in X,Y and Z 

directions. We have used NX-CAD for 3D modeling of the pressure hull and ANSYS for the finite element 

analysis of the pressure hull. 

 

IV. METHODOLOGY 

 Create 3D model of the pressure hull using NX-CAD software. 

 Create Finite element model of the pressure hull using ANSYS software. 

 Perform structural static analysis for the hydrostatic pressure of 65 bars. 

 Perform Modal analysis to calculate natural frequencies and mass participations. 

 Implement modifications on the pressure hull based on the results obtained from modal analysis to 

shift the fundamental natural frequency above 300Hz. 

 Perform structural static analysis for the hydrostatic pressure of 65 bars on the modified model. 

 Perform Modal analysis to calculate natural frequencies and mass participations on the modified 

model. 

 Perform PSD analysis of the modified pressure hull in X, Y and Z directions. 

 Perform transient dynamic analysis of the modified pressure hull in  X, Y and Z directions 

 

V. 3D MODELING OF PRESSURE HULL 

Pressure hulls are the main load bearing structures of naval submarines, and autonomous underwater vehicles 

(AUVs).  A pressure hull is a structure that is designed to withstand the compressive forces associated with 

hydrostatic pressure. The most efficient geometries for resisting these compressive forces are circular cross-

sections, and thus, pressure hulls are typically composed of a combination of ring-stiffened cylinders and cones, 

with spherical or torispherical domes at either end. The design and manufacturing process of a pressure hull is a 

cumbersome engineering challenge because of the extreme pressure conditions and extremely low tolerances 

required. 

 

The 3D model of the pressure hull assembly is created using UNIGRAPHICS NX software. UNIGRAPHICS 

NX is the world’s leading 3D product development solution. This software enables designers and engineers to 

bring better products to the market faster. It takes care of the entire product definition to serviceability. NX 

delivers measurable value to manufacturing companies of all sizes and in all industries. NX is used in a vast 

range of industries from manufacturing of rockets to computer peripherals. With more than 1 lakh seats installed 

in worldwide many cad users are exposed to NX and enjoy using NX for its power and capability 

 

Design specifications of Pressure Hull: 

 Length overall = 1.8 m.  

 Pressure hull diameter = 0.4 m.  

 Layout = double diameter ring stiffened cylinder.  

 Submerged displacement =1015 tonnes.  
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Fig 3 shows the 3D model of pressure hull assembly 

 

 
Fig 4 shows the upper and lower side of 3D model of pressure hull assembly 

 

VI. FINITE ELEMENT MODEL 

A detailed Finite Element model was built with 10 noded tetrahedral solid elements to idealize all the 

components of the pressure hull assembly. Total of 43234 elements are used for this assembly. The element 

(solid92) is defined by ten nodes having three degrees of freedom at each node: translations in the nodal x, y, 

and z directions. SOLID92 has a quadratic displacement behavior and is well suited to model irregular meshes. 

 
Fig 5 Solid92 geometry 

Element type: Solid92 

No. of nodes: 10 

Degrees of freedom: 3 (UX, UY, UZ) 

Material properties: 
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The material used for the construction of pressure hull is AH36 steel. The mechanical properties are mentioned 

below: 

Young’s Modulus (Ex) =2e5 MPa 

Poisson’s Ratio = 0.3 

Density = 7850 kg/mm3 

Yield strength = 610 MPa 

The finite element model of the mounting structure assembly is shown in fig.6 

 
Fig 6 Finite element model of pressure hull 

 

VII. STRUCTURAL STATIC ANALYSIS OF PRESSURE HULL 

 Structure static analysis was done on the pressure hull for external pressure of 65 bars to determine the stresses 

and deflections. The ends of the pressure hull are fixed in all dof and the external pressure of 65bars is applied 

on the shells of the pressure hull. The boundary conditions and loading applied on the pressure hull is shown in 

the figure 7. 

 
Fig 7 Boundary conditions and loading of pressure hull for static analysis 

 

Results-Deflections and stresses for structural static analysis 

Maximum deflection observed on the pressure hull is 1.16mm as shown in the figure 8 and 9, and the maximum 

stress observed is 565 N/mm
2 

as shown
 
in the figure 10 and 11. 
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Fig 8 Total deflection of pressure hull for static analysis 

 

 
Fig 9 Total deflection of upper and lower shell of pressure hull for static analysis 

 

 
Fig 10 Von Mises stress of pressure hull for static analysis 
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Fig 11 VonMises stress of upper and lower shell of pressure hull for static analysis 

 

VIII. MODAL ANALYSIS 

Modal analysis is used to determine the vibration characteristics (natural frequencies and mode shapes) of a 

structure or a machine component while it is being designed. It can also serve as a starting point for another, 

more detailed, dynamic analysis, such as a transient dynamic analysis, a harmonic response analysis, or a 

Spectrum analysis. The pressure hull was studied to understand the natural frequencies between 0-300Hz.The 

Boundary condition used for modal analysis is shown in fig.12 

 
Fig 12 Boundary conditions applied for modal analysis 

Results:  The frequencies in the range of 0-300Hz and the corresponding mass participations are tabulated in 

table.1.The mode shapes are plotted in the following figures. 

 
Table 1 Participation factors in X, Y and Z-direction 

MODE FREQUENCY PARTICIPATION FACTOR EFFECTIVE MASS 

    X-Dir Y-Dir Z-Dir X-Dir Y-Dir Z-Dir 

1 275.488 -8.93E-03 5.03E-04 0.14211 7.98E-05 2.53E-07 2.02E-02 

2 291.895 -1.11E-02 -1.22E-03 5.10E-03 1.24E-04 1.50E-06 2.60E-05 

3 374.094 2.36E-02 -2.07E-03 0.11834 5.55E-04 4.28E-06 1.40E-02 
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Fig 13 Mode 1 at a frequency of 275.4Hz 

 
Fig 14 Mode 2 at a frequency of 291.8Hz 

 

 
Fig 15 Mode 3 at a frequency of 374Hz 

 

From the above results it is found that two natural frequencies exists in the frequency range of 0-300Hz.So 

modifications are made on the pressure hull to shift the fundamental natural frequency above the 300Hz.The 

modification done are shown in figure 16. 
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Fig 16 modification done on the pressure hull 

 

IX. STRUCTURAL STATIC ANALYSIS OF THE MODIFIED PRESSURE HULL 

 Structure static analysis was done on the modified pressure hull for external pressure of 65 bars to determine 

the stresses and deflections. The ends of the pressure hull are fixed in all dof and the external pressure of 65bars 

is applied on the shells of the pressure hull. The boundary conditions and loading applied on the modified 

pressure hull is shown in the figure 17. 

 

 
Fig 7 Boundary conditions and loading of modified pressure hull for static analysis 

Results-Deflections and stresses for structural static analysis 

Maximum deflection observed on the pressure hull is 0.56mm as shown in the figure 18 and 19, and the 

maximum stress observed is 346 N/mm
2 
as shown

 
in the figure 20 and 21. 

 

 
Fig 18 Total deflection of modified pressure hull for static analysis 
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Fig 19 Total deflection of upper and lower shell of modified pressure hull for static analysis 

 

 
Fig 20 VonMises stress of modified pressure hull for static analysis 

 

 
Fig 21 VonMises stress of upper and lower shell of modified pressure hull for static analysis 

 

X. MODAL ANALYSIS OF MODIFIED MODEL 

Modal analysis was carried out on the modified pressure hull.  From the analysis it was found that the 

fundamental natural frequency was above 300Hz.That means the modified pressure hull is free from resonance. 

The frequencies and the corresponding mass participations are tabulated in table.2The mode shapes are plotted 

in the following figures. 
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Table 2 Participation factors in X, Y and Z-direction 

 

MODE FREQUENCY PARTICIPATION FACTOR EFFECTIVE MASS 

    X-Dir Y-Dir Z-Dir X-Dir Y-Dir Z-Dir 

1 301.408 3.85E-02 1.28E-03 -2.16E-02 1.48E-03 1.64E-06 4.65E-04 

2 312.444 -1.01E-02 -2.26E-04 2.44E-01 1.02E-04 5.13E-08 5.93E-02 

3 370.229 7.71E-03 -2.55E-03 4.76E-01 5.94E-05 6.51E-06 2.26E-01 

4 400.388 0.53437 1.64E-03 -4.22E-03 0.285548 2.68E-06 1.78E-05 

5 408.123 8.34E-02 1.66E-03 1.60E-02 6.96E-03 2.74E-06 2.57E-04 

6 472.059 3.60E-04 -8.87E-05 4.15E-02 1.29E-07 7.87E-09 1.72E-03 

7 494.245 3.14E-03 -2.30E-04 -4.53E-05 9.84E-06 5.30E-08 2.05E-09 

 

 
Fig 22 Mode 1 at a frequency of 301.4Hz 

 

 
Fig 23 Mode 2 at a frequency of 312.44Hz 
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Fig 24 Mode 3 at a frequency of 370.229Hz 

 
Fig 25 Mode 4 at a frequency of 400.388Hz 

 
Fig 26 Mode 5 at a frequency of 408.123Hz 
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 Fig 27 Mode 6 at a frequency of 472.059Hz 

 

 Fig 28 Mode 7 at a frequency of 494.245Hz 

 

XI. POWER SPECTRUM DENSITY (PSD) ANALYSIS 

A Random Vibration Analysis is a form of Spectrum Analysis. 

 The spectrum is a graph of spectral value versus frequency that captures the intensity and frequency 

content of time-history loads. 

 Random vibration analysis is probabilistic in nature, because both input and output quantities represent 

only the probability that they take on certain values. Random Vibration Analysis uses Power spectral 

density to quantify the loading. 

 (PSD) is a statistical measure defined as the limiting mean-square value of a random variable. It is used 

in random vibration analyses in which the instantaneous magnitudes of the response can be specified 

only by probability distribution functions that show the probability of the magnitude taking a particular 

value. 

 A PSD spectrum is a statistical measure of the response of a structure to random dynamic loading 

conditions. It is a graph of the PSD value versus frequency, where the PSD may be a displacement 

PSD, velocity PSD, acceleration PSD, or force PSD. Mathematically, the area under a PSD versus-

frequency curve is equal to the variance (square of the standard deviation of the response) 

 

PSD analysis along X- direction 

PSD analysis is carried out on modified model of pressure hull with base excitation in X direction from 0-

1000Hz to observe the structure behavior due to random vibrations. The boundary conditions given for PSD 

analysis is shown in fig 29. 

Boundary Conditions: 
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Fig 29 boundary condition applied for PSD in X-dir 

Functional vibration levels – PSD: 

Random g2/Hz 

10 0.003 

100 0.02 

400 0.02 

1000 0.001 

 

Table.3 shows the spectral values Vs frequency for PSD analysis 

RESULTS- Total Deflection: 

The maximum 1 sigma deflection observed is 0.03 mm 

The maximum 3 sigma deflection observed is 0.09 mm 

This implies that only 0.3% of the time the pressure hull deflection reaches 0.09mm 

 
Fig 30 1 sigma displacement for PSD analysis in X-Direction 

The maximum 1 sigma stress observed is 13.8 N/mm2 

The maximum 3 sigma stress observed is 41.4 N/mm2 

This implies that only 0.3% of the time the pressure hull stress reaches 41.4 N/mm2 

 
Fig 31 1 sigma stress for PSD analysis in X-Direction 
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Fig 32 PSD Response on pressure hull in Linear and Logarithmic Scale in X-direction 

 
Fig 33 PSD Response on navigation comp in Linear and Logarithmic Scale in X-direction 

 
Fig 34 PSD Response on battery comp in Linear and Logarithmic Scale in X-direction 

 
Fig 35 PSD Response on patrician plate in Linear and Logarithmic Scale in X-direction 

 

PSD ANALYSIS IN Y-DIRECTION 

RESULTS- Total Deflection: 

The maximum 1 sigma deflection observed is 0.004 mm 
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The maximum 3 sigma deflection observed is 0.012 mm 

This implies that only 0.3% of the time the pressure hull deflection reaches 0.012mm 

 

 
Fig 36 1 sigma stress for PSD analysis in Y-Direction 

 

The maximum 1 sigma stress observed is 0.13 N/mm2 

The maximum 3 sigma stress observed is 3.9 N/mm2 

This implies that only 0.3% of the time the pressure hull stress reaches 3.9 N/mm2 

 
Fig 37 1 sigma stress for PSD analysis in Y-Direction 

 

 
Fig 38 PSD Response on pressure hull in Linear and Logarithmic Scale in Y-direction 
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Fig 39 PSD Response on navigation comp in Linear and Logarithmic Scale in Y-

direction

 
Fig 40 PSD Response on patrician plate in Linear and Logarithmic Scale in Y-direction 

 

PSD ANALYSIS IN Z –DIRECTION 

RESULTS- Total Deflection: 

The maximum 1 sigma deflection observed is 0.06 mm 

The maximum 3 sigma deflection observed is 0.18 mm 

This implies that only 0.3% of the time the pressure hull deflection reaches 0.18mm 

 
Fig 41 1 sigma deflection for PSD analysis in Z-Direction 

 

The maximum 1 sigma stress observed is 18.8 N/mm2 

The maximum 3 sigma stress observed is 56.4 N/mm2 

This implies that only 0.3% of the time the pressure hull stress reaches 56.4 N/mm2 
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Fig 42 1 sigma stress for PSD analysis in Z-Direction 

 

 
Fig 43 PSD Response on pressure hull in Linear and Logarithmic Scale in Z-direction 

 

 
Fig 44 PSD Response on navigation comp in Linear and Logarithmic Scale in Z-direction 

 

 
Fig 45 PSD Response on battery comp in Linear and Logarithmic Scale in Z-direction 
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Fig 46 PSD Response on patrician plate in Linear and Logarithmic Scale in Z-direction 

 

From the above graphs it is seen that 

 Maximum PSD response on the pressure hull is 22.5 g2/Hz at a frequency of 400 Hz in X-direction 

 Maximum PSD response on the pressure hull is 0.02 g2/Hz at a frequency of 432 Hz in Y-direction 

 Maximum PSD response on the pressure hull is 8.5 g2/Hz at a frequency of 370 Hz in Z-direction 

 

XII. SHOCK ANALYSIS 

Pressure hull have to be shock resistant and resilient to vibration as these are one of its factors of failure. The 

objective of this study is to understand the effects of dynamic loading on a pressure hull, more specifically 

Shock using finite element analysis program ANSYS.  

Utilizing numerical simulation, analysis will be performed on the pressure hull to check if the system withstands 

the loads and the stresses are within the design limit. The pressure hull was subjected to 40g accelerations at 

18ms shock pulse 

Transient analysis would be the main analysis where the shock loading can be simulated onto the pressure hull. 

The transient simulation has to be divided into two separate load steps: 

1. Initial condition - 1g load at 1e-6 sec 

2. Shock pulse - 40g load at 18e-3 sec 

A Full Transient Dynamic Analysis was used as the calculation. This leads to more accurate results compared to 

those obtained by the Reduced or Modal Superposition methods. However this calculation method would be 

very expensive, meaning it would take a lot more time and computational resource. 

The boundary conditions applied for the shock analysis in X-direction is shown in figure 47. 

 
Fig 47 boundary conditions and loading for shock analysis in X-direction 
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RESULTS –ALONG X- DIRECTION 

 Fig 48 Total deflection and von mises stress of modified pressure hull for shock in X-dir 

 

 
Fig 49 Total deflection and von mises stress of lower shell of modified hull for shock in X-dir 

 

 
Fig 50 Total deflection and von mises stress of upper shell of pressure hull for shock in X-dir 

 

SHOCK ANALYSIS IN Y-DIRECTION 

The boundary conditions applied for the shock analysis in Y- direction is shown in figure 51. 
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Fig 51 boundary conditions and loading for shock analysis in Y-direction 

 

RESULTS-ALONG Y- DIRECTION 

 
Fig 52 Total deflection and von mises stress of modified pressure hull for shock in Y-dir 

 

 
Fig 53 Total deflection and von mises stress of lower shell of modified hull for shock in Y-dir 
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Fig 54 Total deflection and von mises stress of upper shell of modified hull for shock in Y-dir 

 

SHOCK ANALYSIS IN Z-DIRECTION 

 
Fig 55 boundary conditions and loading for shock analysis in Z direction 

 

The boundary conditions applied for the shock analysis in Y- direction is shown in figure 55. 

 

RESULTS –ALONG Z-DIR: 

 
Fig 56 Total deflection and von mises stress of modified pressure hull for shock in Z-dir 
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Fig 57 Total deflection and von mises stress of lower shell of modified hull for shock in Z-dir 

 
Fig 58 Total deflection and von mises stress of upper shell of modified hull for shock in Z-dir 

 

XIII. RESULTS AND DISCUSSIONS 

The pressure hull used in this paper is subjected to a hydrostatic pressure of 65 Bar due to the difference 

between outside and inside pressure. So initially a structural static analysis was done to check the deflections 

and stresses. As the pressure hull is subjected to huge dynamic loads, we have analyzed the pressure hull for 

vibrations and shock loads. The pressure hull operates in the frequency range of 0-300Hz.So it has to be 

resonant free. Modal analysis has been carried out on the initial pressure hull model and calculated the natural 

frequencies. It was observed that there were two natural frequencies in the frequency range of 0-300Hz.Efforts 

have been made to shift these natural frequencies above the operating range of 300Hz.To achieve this gussets 

have been added to the pressure hull also the structure has been studied for its response due to random vibrations 

to ensure the safety of the pressure hull in X, Y and Z directions. Further pressure hull is subjected to shock 

loads. The pressure hull is subjected to a shock load of 40g.To ensure the safety of pressure hull for such shock 

loads, transient dynamic analysis was carried out in X,Y and Z directions. The summary of the results of the 

above mentioned analysis are tabulated in table 4. 
Table 4 Summary of the results 

 

STATIC ANALYSIS FOR INITIAL PRESSURE HULL   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.85 565.8 

2 BATTERY COMPARTMENT 0.72 503.5 

3 PARTICIAN PLATE 1.66 261.5 

STATIC ANALYSIS FOR MODIFIED PRESSURE HULL   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.56 269.703 
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2 BATTERY COMPARTMENT 0.56 46.657 

3 PARTICIAN PLATE 0.41 201.369 

PSD ANALYSIS IN X-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.09 41.4 

2 BATTERY COMPARTMENT 0.08 36.89 

3 PARTICIAN PLATE 0.085 38.5 

PSD ANALYSIS IN Y-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.012 3.9 

2 BATTERY COMPARTMENT 0.012 3.5 

3 PARTICIAN PLATE 0.009 2.7 

PSD ANALYSIS IN Z-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.18 56.4 

2 BATTERY COMPARTMENT 0.17 52.6 

3 PARTICIAN PLATE 0.15 45.1 

SHOCK ANALYSIS IN X-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.35 395.5 

2 BATTERY COMPARTMENT 0.38 414.1 

3 PARTICIAN PLATE 0.28 310.4 

SHOCK ANALYSIS IN Y-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.3 360 

2 BATTERY COMPARTMENT 0.34 414.4 

3 PARTICIAN PLATE 0.15 153.9 

SHOCK ANALYSIS IN Z-DIR   

S.No Component Total Deflection (mm) VonMises Stress (N/mm2) 

1 NAVIGATION COMPARTMENT 0.31 326.2 

2 BATTERY COMPARTMENT 0.35 414 

3 PARTICIAN PLATE 0.175 129.1 

 

XIV. CONCLUSIONS 

The Yield strength of the material steel (AH 36) is 610 N/mm2.From the above results the maximum stress for 

static analysis is 269 N/mm2 and for shock analysis the maximum stress is 414 N/mm2.As the maximum stress 

is less than the yield strength of the material, the modified pressure hull is safe for hydrostatic pressure and 

shock loads. 

 

The pressure hull structure was also been studied for its response due to random vibrations to ensure the safety 

of the pressure hull. Maximum 3 sigma stress observed is 56.4 N/mm2 in Z-direction. The maximum PSD 

response is also occurring at 370 Hz which is above the operating frequency of pressure hull. From the above 

results it can be concluded the modified pressure hull is safe for the random vibrations in X, Y and Z directions. 

From the above results it can be concluded that the modified pressure hull is safe for the above operating loads. 
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