
ANALYTICAL INVESTIGATIONS OF CYLINDRICAL PANEL 

USING COMPOSITE MATERIAL 

 Vamsi.Singanapudi
1
                  Dr. J. Murali Naik

2
                            Mr. V. Mallikarjun

3 

1
P.G student, Machine Design, Department of Mechanical Engineering, Holy Mary Institute of Technology and 

Science, Telangana, Email: vamsi.tsr93@gmail.com 

2
 Associate professor, Department of Mechanical Engineering, Holy Mary Institute of Technology and Science, 

Telangana, Email: muralinaik.mech@gmail.com 

3
Assistant professor, Department of Mechanical Engineering, Holy Mary Institute of Technology and Science, 

Telangana, Email: vmallikarjuna45@gmail.com 

Abstract:Shell structures have been widely used in 

pipelines, aerospace and marine structures, large 

dams, shell roofs, liquid-retaining structures and 

cooling towers. The weight reduction of the 

cylindrical panel can have a certain role in the 

general weight reduction of the vehicle and is a 

highly desirable goal. Substituting composite 

structures for conventional metallic structures has 

many advantages because of higher specific stiffness 

and strength of composite materials. In this paper, 

Static & linear layer analysis is used to determine the 

deformation, stress of the cylindrical panel. Layer 

stacking method carried out on cylindrical panel for 

3, 6 and 9 layers for analysis of steel, carbon fibre 

and glass fibre reinforced plastic 

material.3Dmodellingis done by the parametric 

software CATIA and analysis done in ANSYS 

software. 

Keywords: layer stacking, composite material, 

cylindrical panel, CATIA and ANSYS. 

Introduction  

Various fields of engineering such as civil, 

mechanical, aerospace and nuclear engineering fields 

the thin walled cylindrical shells find wider 

applications as primary structural members. The 

stiffened and unstiffened shells made up of metallic 

and laminated composite materials (large diameter to 

thickness ratio) are extensively used in underwater, 

surface, air and space vehicles as well as in 

construction of pressure vessels, storage vessels, 

storage bins and liquid storage tanks. The geometric 

imperfections due to manufacturing processes takes 

dominant role in decreasing the buckling load of 

cylindrical shells. Buckling is often viewed as the 

controlling failure mode of these structures due to its 

relatively small thickness of these structural 

members. It is therefore essential that the buckling 

strength of the thin shells along with knowledge of its 

buckling has been the subject of many researchers in 

both analytical and experimental investigations. 

Composite structures are important in different areas 

of industry such as aero, marine aircrafts, ships, 

automotive and so on. Many of the structures 

experience blast loading during war or terrorist attack 

oraccidental explosions. Response of composite 

structures subjected to explosion has been a field of 

intenseactivity of researchers in recent decades. So 

composite plates and shells form one of the basic 

elements of thestructures, therefore, studying the 

blast response of such structures helps understanding 

and improving theirblast resistance. 

 

 

Fig: Cylindrical Panel 
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History 

The earliest man-made composite materials 

were straw and mud combined to 

form bricks for building construction. Ancient brick-

making was documented by Egyptian tomb paintings. 

Wattle and daub is one of the oldest man-made 

composite materials, at over 6000 years old. Concrete 

is also a composite material, and is used more than 

any other man-made material in the world. As of 

2006, about 7.5 billion cubic metres of concrete are 

made each year—more than one cubic metre for 

every person on Earth.  

 

Literature review  

Reza Haghi[1] In this paper, the behavior of 

composite structures against the explosive 

phenomenon has been investigated using finite 

element method. Some composite shells such as 

composite plates and hemispheres with different 

layer-uppinghave been investigated using LS-DYNA 

software. The blast loading is simulated by 

explosion's pressure versus time curves and is 

directly defined in LS-DYNA software. The Tsai-Wu 

failure criterion is used to predict the behavior of the 

composite structure. In this paper, the effect of layer-

upping on the blast resistance of the structure is 

investigated. The results show that, hemisphere 

composite has better performance against the blast 

loading than plate and failure occurs under greater 

load. Also it is shown that angle ply composite 

structures have good resistance in comparison with 

cross plies one. 

Mahmoud Shariati[2] In this paper, the effects of 

the length, sector angle and different boundary 

conditions on the buckling load and post buckling 

behavior of CK20 cylindrical panels have been 

investigated using experimental and numerical 

methods. The experimental tests have been 

performed using the INSTRON 8802 servo hydraulic 

machine and for numerical analysis. Abaqus finite 

element package has been used. The numerical 

results are in good agreement with the experimental 

tests. 

M. Shariati [3]The effects of the length, sector 

angle and different boundary conditions on the 

buckling load and post buckling behavior of 

cylindrical panels have been investigated using 

experimental and numerical methods. The 

experimental tests have been performed using a servo 

hydraulic machine and for numerical analysis, 

Abaqus finite element package has been used. The 

numerical results are in good agreement with the 

experimental tests 

Y. Venkata Narayana[4]The Laminated cylindrical 

shells are being used in submarine, underground 

mines, aerospace applications and other civil 

engineering applications. Thin cylindrical shells and 

panels are more prone to fail in buckling rather than 

material failure. In this present study linear and non-

linear buckling analysis of GFRP cylindrical shells 

under axial compression is carried out using general 

purpose finite element program (ANSYS). Nonlinear 

buckling analysis involves the determination of the 

equilibrium path (or load-deflection curve) upto the 

limit point load by using the NewtonRaphson 

approach. Limit point loads evaluated for geometric 

imperfection magnitudes shows an excellent 

agreement with experimental results [25]. The 

influence of composite cylindrical shell thickness, 

radius variation on buckling load and buckling mode 

has also investigated. Present study finds direct 

application to investigate the effect of geometric 

imperfections on other advanced gridstiffened 

structures. 

Farbod Alijani[5]The present literature review 

focuses on geometrically non-linear free and forced 

vibrations of shells made of traditional and advanced 

materials. Flat and imperfect plates and membranes 

are excluded. Closed shells and curved panels made 

of isotropic, laminated composite, piezoelectric, 

functionally graded and hyper elastic materials are 

reviewed and great attention is given to non-linear 

vibrations of shells subjected to normal and in plane 

excitations. Theoretical, numerical and experimental 

studies dealing with particular dynamical problems 

involving parametric vibrations, stability, dynamic 

buckling, non stationary vibrations and chaotic 

vibrations are also addressed.  

Dr. Adnan N. Jamel[6]The present work is an 

attempt to investigate the vibrations characteristics 

and effect of static stresses and deformation in 

partially pressurized thick cylindrical shells, such as 

the gun barrels. The method used cover analytical 

investigation developed to determine static stresses 

and deformation along the thick cylindrical shell 

using LAME'S equation. The numerical investigation 

is developed using the finite element method with 

axisymmetric element (Plane 42) four nodes to 

determine the static response and solid element (Solid 

45) eight nodes for vibration analysis by using the 

ANSYS package. The obtained results show a good 

agreement with the other investigators. It's found that 
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the natural frequency of the selected models almost 

equal (150. Hz) and these results indicate that the 

frequency of powder gasses pressure more than (150 

Hz) to be far away from resonance phenomena. 

Objective  

The main objective of this paper finds out the stress 

on cylindrical panel with composite materials and 

layer stacking method. 

 

INTRODUCTION TO CAD 

Computer-aided design (CAD), also known as 

computer-aided design and drafting (CADD), is the 

use of computer technology for the process of design 

and design-documentation. Computer Aided Drafting 

describes the process of drafting with a computer. 

CADD software, or environments, provide the user 

with input-tools for the purpose of streamlining 

design processes; drafting, documentation, and 

manufacturing processes. CADD output is often in 

the form of electronic files for print or machining 

operations. The development of CADD-based 

software is in direct correlation with the processes it 

seeks to economize; industry-based software 

(construction, manufacturing, etc.) typically uses 

vector-based (linear) environments whereas graphic-

based software utilizes raster-based (pixelated) 

environments. 

CATIA software of (computer-aided three-

dimensional interactive application) is a multi-

platform software suite for computer-aided design 

(CAD), computer-aided manufacturing (CAM), 

computer-aided engineering (CAE), PLM and 3D, 

developed by the French company Dassault 

Systèmes. 

3D model of cylindrical panel 

 

Fig: solid model of cylindrical panel 

 

Fig: surface model of cylindrical panel 

STATIC ANALYSIS OF CYLINDRICAL 

PANEL 

Used materials 

Material properties of EN 32 steel 

Young’s modulus=206000Mpa 

Poisson’s ratio=0.29 

Density=0.000007kg/mm
3 

Material properties of carbon fibre 

Young’s modulus=70000Mpa 

Poisson’s ratio=0.30 

Density=0.0000020kg/mm3 

Material properties of e-glass fibre 

Young’s modulus=80000Mpa 

Poisson’s ratio=0.21 

Density=0.00000255kg/mm
3 

Materials description  

EN32 is a case hardening steel with low tensile 

strength and is used in general engineering for the 

production of lightly stressed components. 

In fibre reinforced composites, fibreglass is the 

"workhorse" of the industry. It is used in many 

applications and is very competitive with traditional 
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materials such as wood, metal, and concrete. 

Fiberglass products are strong, lightweight, non-

conductive, and the raw material costs of fibreglass 

are very low. 

Uses for regular glass fiber include mats and fabrics 

for thermal insulation, electrical insulation, sound 

insulation, high-strength fabrics or heat- and 

corrosion-resistant fabrics. 

 

Imported model 

 

Fig: imported model form modelling software  

Meshed model 

 

Fig : meshing model 

According above figure shows divided by elements 

through fine meshing  

In this figure shows number elements and number 

nodes as: 

 

Solution A6>insert>total deformation>right click on 

total deformation>select evaluate all result 

Insert>stress>equivalent (von misses)>right click on 

equivalent >select evaluate all results 

Insert>strain>equivalent (von misses)>right click on 

equivalent >select evaluate all results 

Material: carbon fibre  

Total deformation  

 

Fig: deformation  

According contour plot , the maximum deformation 

at middle of the cylindrical panel and minimum 

deformation at two end s of the panel due to load 

applied on the top of the cylindrical panel and fixed 

to the two sides. 

Equivalent stress  

 

Fig: stress  

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VI, Issue XII, December/2019

ISSN NO: 2394-8442

PAGE NO:97



According contour plot , the maximum stress at 

middle of the cylindrical panel and minimum stress  

at two end s of the panel due to load applied on the 

top of the cylindrical panel and fixed to the two sides. 

Equivalent strain 

 

According contour plot , the maximum strain at 

middle of the cylindrical panel and minimum strain  

at two end s of the panel due to load applied on the 

top of the cylindrical panel and fixed to the two sides 

LINEAR LAYER ANALYSIS OF 

CYLINDRICAL PANEL 

 

Fig :layer stacking  

Total deformation  

 

According contour plot , the maximum deformation 

at middle of the cylindrical panel and minimum 

deformation at two end s of the panel due to load 

applied on the top of the cylindrical panel and fixed 

to the two sides. 

Stress  

 

According contour plot , the maximum stress at 

middle of the cylindrical panel and minimum stress  

at two end s of the panel due to load applied on the 

top of the cylindrical panel and fixed to the two sides 

Strain  

 

Results and discussion 

Static Results tables 

Material  Total 

deformation 

(mm) 

Stress  Strain  

EN 32stee 0.045762 47.076 0.000236 

Glass fibre 0.06123 40.896 0.000341 

Carbon 

fibre  

0.0053945 38.312 0.00291 

 

Linear analysis results 

Layer 

stacking 

Total 

deformation 

(mm) 

Stress  Strain  

3 layers  0.03567 46.908 0.002311 

6 layers  0.02356 39.0876 0.000213 

9 layers  0.001345 36.0987 0.00112 
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Static analysis Graphs  

 

 

Stress  

 

Linear layer analysis graphs  

 

 

Conclusion  

By observing the static analysis the deformation, 

stress and strain values are increases by increasing 

the loads. The stress values are less for carbon fibre 

material when we compare the EN 32 steel and glass 

fibre reinforced plastic material. 

By observing the linear layer analysis the stress 

values are less for 9 layers compared to other layer 

stacking. 

References  

[1] Reza Haghi, Bashir Behjat* , Mojtaba Yazdani 

Numerical Investigation of Composite Structures 

under Blast Loading Mechanical Engineering 

Department, Sahand University of Technology, 

Tabriz, Iran, P.O.Box 51335-1996. 

[2] Mahmoud Shariati - Mehdi Sedighi* - Jafar 

Saemi - Hamid Reza Allahbakhsh A Numerical and 

Experimental Study on Buckling of Cylindrical 

Panels Subjected to Compressive Axial Load 

Shahroud University of Technology, Iran Strojniški 

vestnik - Journal of Mechanical Engineering 

56(2010)10, 609-618 Paper received: 19.03.2010 

UDC 669.14:539.4. 

[3] M. Shariati, M. Sedighi*, J. Saemi, and A. K. 

Poorfa Numerical Analysis and Experimental Study 

of Buckling Behavior of Steel Cylindrical Panels 

Mechanical Engineering Faculty, Shahrood 

University of Technology, Shahrood, Iran 

Corresponding author; e-mail: 

msedighi47@gmail.com. 

[4] Y. Venkata Narayana Department of Mechanical 

Engineering, SNIST, A.P., India. P. Ravinder Reddy 

Department of Mechanical Engineering, Buckling 

Analysis of laminated Composite Cylindrical Shells 

Subjected to Axial Compressive Loads Using Finite 

Element Method International Journal of Engineering 

Research & Technology (IJERT) Vol. 2 Issue 1, 

January- 2013 ISSN: 2278-0181. 

[5] Farbod Alijani, Marco Amabili Non-linear 

vibrations of shells: A literature review from 2003 to 

2013 Department of Mechanical Engineering, McGill 

University, 817 Sherbrooke Street West, Montreal, 

Canada H3A 0C3. 

[6] Assist. Prof. Dr. Adnan N. Jamel Assist. Lecturer: 

Oday. I. Abdullah University of Baghdad / College of 

Eng. University of Baghdad / College of Eng. 

Mechanical Eng. Dept. Nuclear Eng. Dept. 

ANALYTICAL AND NUMERICAL STRESS 

ANALYSIS OF THICK CYLINDER SUBJECTED 

TO INTERNAL PRESSURE Number 2 Volume 13 

June 2007 Journal of Engineering 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VI, Issue XII, December/2019

ISSN NO: 2394-8442

PAGE NO:99


