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Abstract: A pressure vessel is a closed container designed to hold 

gases or liquids at a pressure different from the ambient pressure. 

The end caps fitted to the cylindrical body are called heads. The 

aim of this research is to carry out detailed design & analysis of a 

pressure vessel for the application of air storage. It is a low 

pressure vessel since the internal pressure is 1.48 MPa. In this 

research paper geometrical and finite element model of Pressure 

vessel has been created using ANSYS 15.0 software. Optimization 

process has been also applied using ANSYS 15.0 by screening 

method. This optimized value reduces the stresses (13.10 % for 

head & 9.088 % for shell) in the pressure vessel, which will 

increase the life of the pressure vessel and reduce the chances of 

bursting the pressure vessel. The optimized value of mass reduces 

the weight (18.57% for shell), hence reduce the material cost of the 

vessel. Also using optimized values of shell and head obtained by 

screening method Pressure vessel has been fabricated. 

 

Keywords: Fabrication of a Low Pressure Vessel, Low Pressure 

Vessel. 

1. Introduction 

A Pressure Vessel is a closed container to hold gases or 

liquids [1] at a pressure substantially different from the ambient 

pressure. They find wide applications in thermal and nuclear 

power plants, chemical industries, oil refineries etc. where 

steam or gas are to be stored under high pressures. Since the 

pressure vessels are operated under high pressures, they should 

be designed with great care, giving more factor of safety, 

because of their failures mainly by explosion, result the heavy 

loss to lives and properties. Consequently, pressure vessel 

design, manufacture, and operation are regulated by 

engineering authorities backed by legislation. Many pressure 

vessels are made of steel. To manufacture a cylindrical pressure 

vessel, rolled and possibly forged parts would have to be 

welded together.  

Riveted joints can also be used by making sure that the 

vessels are leak proof by following procedures like caulking, 

fullering. Strength, corrosion resistance, fracture toughness, 

fabric ability are the material selection factors [8]. Pressure 

vessels are classified as thin and thick cylinders according to 

dimensions and open and closed end vessel according to their 

end construction. 

They are classified based on shape and direction of pressure 

also. The end caps on a cylindrical shaped pressure vessel are  

 

commonly known as heads. The shape of the heads can vary. 

The types of heads under investigation have been selected with 

a view to conformity between the assumptions underlying the 

theory and agreement with the conditions existing in industrial 

practice. The four types of heads under investigation are 

hemispherical head, semielliptical head, deep head and shallow 

head [8].  

Pressure vessels are leak proof containers that are used to 

store and transport liquid/steam/gas at unusual condition of 

pressure or temperature.  Obviously pressure vessels have a 

vital role in foundation of various industries particularly in oil 

industries. Also for making pressure vessel more efficient 

appropriate understanding of stresses at various part of pressure 

vessel is also important which arises due to high pressure or 

temperature inside the vessel. This analysis of stress is 

necessary to avoid the failure of pressure vessel which may 

cause a serious accident. In various literatures pressure vessels 

have been taken for various applications and different 

optimization methods has been applied at various parts for 

reducing the stress or weight of the pressure vessel. In the base 

paper [1] a cylindrical pressure vessel, as used to generate steam 

at low pressure for a boiler drum has been taken, the vessel 

consists of a cylindrical portion with the two ends closed using 

hemispherical structure. A nozzle is welded on at the midpoint 

of the length of the vessel which is supported on two supports. 

The vessel is constructed using material low alloy steel of type 

ASME SA516Gr70. In this paper model has been generated 

using ANSYS geometry modeler software and analysis and 

optimization part has been also done using ANSYS.  

In the pressure vessel mainly three types of stresses are 

induces when internal pressure is applied. In shell part of the 

pressure vessel circumferential (or Hoop) stress is the most 

critical which when exceeded the limiting value may cause for 

bursting of pressure vessel. Improper design and selection of 

head are also the reasons behind higher values of stress in the 

pressure vessel. Also Higher Value of mass of pressure vessel 

makes pressure vessel heavier and increase the cost of pressure 

vessel.  

Hence considering the above problems following objectives 

has been taken for this research: 

 The main objectives of research are to find out the stress and 

deformation in various part of the pressure vessel using 
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Analytical method and validate with the CAD model.  

 This research is focus to find out the optimized value of 

pressure vessel parts (shell & head) dimensions using 

ANSYS 15.0 Software necessary to avoid the failure of 

pressure vessel which may cause a serious accident.   

 The objective of research is to reduce the mass of pressure 

vessel. This reduction of mass will reduce the total cost of 

material.  

 Fabrication of the pressure vessel using the optimal values 

obtained from optimization by screening method using 

ANSYS 18.1. 

In this report the vessel under consideration is a thin, 

cylindrical vessel with closed end subjected to internal pressure. 

In this research a pressure vessel has been taken from a practical 

application and with the help of CAD software (ANSYS) 

modeling, validation and analysis of this pressure vessel can be 

done for Von-misses Stress. After validation using the same 

software optimization has been done for weight reduction and 

reduction of stress calculated according to ASME boiler and 

pressure vessel regulations.  For this research a low pressure 

vessel (Applied pressure =1.48 MPa) has been taken for air 

storage purpose. 

2. Research methodology 

Detailed Design data for low pressure vessel is given in table 1. 

A. Modeling, Analysis & Optimization of Head 

 
Fig. 1.  Von Mises Stress (Maximum 120.03 MPa) for Head 

 

 
Fig. 2.  Total Deformation (Maximum0.41078 mm) for Head 

The Von Mises stress and total deformation across the head 

for the applied load and boundary condition are shown in fig. 1 

and fig. 2 respectively. 

After finite element analysis for earlier decided boundary and 

loading conditions results are given below in table 2. 

Table 2 shows that using ANSYS 15.0 Software, FEA value 

of stress has only 1.69% of variation with analytical value and 

that for the mass is 0.96%. Hence CAD model for Head of the 

pressure vessel is validated.  

The Screening optimization method uses a simple approach 

based on sampling and sorting. It supports multiple objectives 

and constraints as well as all types of input parameters. Usually 

it is used for preliminary design. This method of optimization 

generates 100 samples and finds 3 candidates.  

For optimization of head, Crown Radius and Knuckle Radius 

have been selected as input parameters and Von Mises stress as 

output parameter. After running optimization process 100 

samples has been generated given in Appendix A. The 

optimization process Converged after 100 evaluations and 

generated three candidate points for optimum value of stress as 

given below in fig. 3. 

From three candidate points candidate Point 1 has been 

selected and after taking the optimum dimensions as following  

Inside Crown Radius = 947.03 mm=948 mm  

Inside Knuckle Radius = 214.12 mm = 215mm  

Straight Face = 40 mm 

 

 
Fig. 3.  Final three Candidate values by Screening Optimization Method 

(for Head) 

 

Table 1 
Design data for low pressure vessel 

Design code  ASME Section VIII DIV-1  

Internal design pressure  1.48 MPa (15 Kg/𝑐𝑚2)  

Operating pressure  0.99MPa (10.09 Kg/𝑐𝑚2)  

 

 

Table 2 
Validation of FEA model for Head 

Results FEA Value Analytical 

Value 

percentage 

Variation 

Von Mises Stress  120.03 
MPa 

118 MPa 1.69  

Mass  131.39 kg  132.67kg  0.96  

Total 

Deformation  

0.41078  --------  --------  

 

 

Table 3 
Comparison of Optimized Value with Previous FEA Results 

No. Description Previous FEA 

value 

Optimal 

Value 

1.  Inside Crown Radius (mm)  1035  948  

2.  Inside Knuckle Radius (mm)  199  215  

3  Straight Face (mm)  40  40  

4.  Von-Mises Stress (MPa)  120.03  104.3  

5.  Deformation (mm)  0.44034  0.37673  
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Comparison of previous FEA value with Optimized value for 

head is given in table 3.  

 

 
Fig. 4.  Von Mises Stress for Head using Candidate 1 

B. Modeling Analysis & Optimization of SHELL 

The Von Mises stress and total deformation across the shell 

for the applied load are shown in fig. 5 & fig. 6 respectively. 

 

 
Fig. 5.  Von Mises Stress (Maximum 122.46 MPa) for shell 

 

 
Fig. 6.  Total Deformation (Maximum 0.19102 mm) for shell 

 

After finite element analysis for earlier decided boundary and 

loading conditions results are given below in table 4. 

Table 4 shows that using ANSYS 15.0 Software, FEA value 

of stress has only 3.78% of variation with analytical value and 

that for the mass is 0.277%.  

For optimization Thickness of shell has been selected as 

input parameters and Von mises stress and mass as output 

parameters. For optimization Thickness of shell has been 

selected as input parameters and Von mises stress and mass as 

output parameters.  

The optimization process Converged after 100 evaluations 

and generated three best candidate points for optimum value of 

stress and mass as given below in fig. 7. 

 

 
Fig. 7.  Final three Candidate points by Screening Optimization Method 

(for Shell) 

 

From three candidate points candidate Point 1 has been 

selected and the optimum dimensions selected are given below  

Thickness of Shell = 8.135 mm (8 mm)  

Inside Radius of the pressure vessel =575 mm  

 

 
Fig. 8.  Von Mises Stress for Shell using Candidate 1 

 

Comparison of previous FEA value with Optimized value for 

head is given in table 5. 

Table 4 
Validation of FEA Model for Shell 

Results FEA 

Value 

Analytical 

Value 

Percentage 

Variation 

Von Mises 

Stress 

122.46 

MPa 

118 MPa 3.78 

Mass 570.56kg 572.147 kg 0.277 

Total 
Deformation 

0.19102 
mm 

-------- -------- 

 

 

Table 5 
Comparison of previous FEA value with Optimized value for head 

S.  

No.  

Description  FEA value  Optimal Value  

1.  Thickness of Shell (mm)  10  8  

2.  Inside Radius of shell (mm)  575  575  

3.  Mass (kg)  570.56  462.64  

4.  Von-Mises Stress (MPa)  122.46  111.33  

5.  Deformation (mm)  0.19102  0.17366  
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3. Results and discussions 

In this research the pressure vessel has been designed 

analytically first and then the CAD model has been validated 

using ANSYS 18.1. After validation of the FE model 

optimization process has been applied for Shell and Head 

dimensions so that stress, mass and deformation has been 

reduced significantly.  

A. Results obtained for head  

In case of head of pressure vessel, after optimization Von 

Mises stress has been reduced by 13.10 % as compared to the 

FEA Von Mises stress and total deformation is reduced by 

12.46%. The comparison between optimum value and Finite 

Element Analysis (FEA) Value for Head has been represented 

in table 6. 

B. Results obtained for shell  

In case of shell of pressure vessel, after optimization mass of 

shell has been reduced by 18.57% as compared to the FEA 

value, whereas Von Mises stress and total deformation both has 

been reduced by 9.088%.  

The comparison between optimum value and Finite Element 

Analysis (FEA) Value for shell has been represented in Table 

7. 

4. Conclusion 

The optimized value of the pressure vessel has been obtained 

by Screening method using ANSYS 15.0  

 These optimized values reduce the stresses (13.10 % for 

head & 9.088 % for shell) in the pressure vessel, which will 

increase the life of the pressure vessel and reduce the 

chances of bursting the pressure vessel.  

 The optimized value of mass reduces the weight (18.57% 

for shell), hence reduce the material cost of the vessel. 

 Using optimized values of shell and head obtained by 

screening method Pressure vessel has been fabricated.  
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Table 6 
Comparison between FEA Value and Optimal Value for Head 

S. 

No. 

Description FEA 

value 

Optimal 

Value 

% age 

Reduction 

1. Inside Crown 
Radius (mm)  

1035  948  ------------- --  

2. Inside Knuckle  

Radius (mm)  

199  215  ------------- --  

3 Straight Face (mm)  40  40  ------------- --  

4. Von-Mises Stress 
(MPa)  

120.03  104.3  13.10  

5. Deformation (mm)  0.4403 4  0.38541  12.46  

 

 

Table 7 

Comparison between FEA Value and Optimal Value for Shell 

S. 

No. 

Description FEA 

value 

Optimal 

Value 

Percentage 

Reduction 

1. Thickness of Shell 

(mm)  

10  8  ----------------  

2. Inside Radius of 

shell (mm)  

575  575  ---------------  

3. Mass (kg)  570.56  464.56  18.57  

4. Von-Mises Stress 
(MPa)  

122.46  111.33  9.088  

5. Deformation (mm)  0.19102  0.17366  9.088  

 

 


