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Abstract -The design, manufacture, and test of a high performance composite overwrapped pressure vessel (COPV) utilizing an 
aluminum liner is described. Composite materials are increasingly intruding into every aspect of design. Lightweight and high 
strength to weight ratio makes them ideal candidates for materials. The vessel is unique in that the liner and advantages of their 
excellent corrosion resistance and oxidation resistance, COPVs are commonly used for applications such as deep-sea and space 
missions, gas storage vessels etc. The vessel is overwrapped with high performance carbon fiber impregnated with an epoxy resin 
which exhibits a complex overall material orthotropy. The material property changes due to fiber realignment when COPV is 
under intense operational load. The material properties and load dependent variations are difficult to obtain by experimental 
method. So finite element simulation method often conducted by designer and researcher to gain insight into mechanical behavior 
of COPV.   
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I. INTRODUCTION  

Composite overwrapped pressure vessels are 

manufactured by filament winding process, a process 

involving a continuous application of high-stiffness fibers 

over a thin metal liner. For their excellent corrosion 

resistance and high strength-to-mass ratios. A typical COPV 

usually contains numerous fiber-reinforced layers and 

exhibits a complex overall material orthotropy. The material 

properties may undergo significant changes due to fiber 

realignment when the COPV is under intense operational 

load.  

The material properties and their load-dependent 

variations are difficult to obtain by experimental means 

therefore, finite-element simulations are often conducted by 

designers and researchers to gain insight into the mechanical 

behaviors of COPVs. Why Al Secondary layer, in steam 

treatment process heat and moisture are detrimental to the 

adhesive joint between fibers and matrix and in certain cases 

it is observed that there is separation occurs. Due to 

separation resulting in loss of strength. Hence it is proposed 

to cover composite overwrapped pressure vessel by 

secondary aluminums layer from outside and this will give 

the steam protection to the COPV. 

II. COMPOSITE MATERIAL 

        A combination of two or more materials to form new 

system with enhanced material properties. The composite is 

made of fibers which are embedded in material, which is 

called as a matrix. Mechanical properties of a composite 

material depend on Properties of constituent materials, 

Thickness of layer, Orientations of fiber in matrix, 

Followings are the type of fiber is used. A. Composites 

reinforced by particle, B. Composites reinforced by chopped 

strands, C. Unidirectional Composites, D. Laminates, E. 

Fabric reinforced Plastics, F. Honeycomb composite. 

 
                               Figure 1.  Types of Composite structure 

 

A   Fiber Reinforcements  

         Fibers are used in composites because they are 

lightweight, stiff, and strong. Fibers are used as a 

continuous reinforcement in unidirectional composites by 

aligning a large number of them in a thin plate or shell, 

called as lamina or ply. A unidirectional lamina has 

maximum stiffness and strength along the fiber direction 

and minimum properties in the perpendicular to the fibers.  

B    Carbon Fibers  

Carbon fibers also called as graphite fibers, are 

lightweight and strong fibers with excellent chemical 

resistance. The properties of carbon fibers are given in table 

I.[2] The strength of carbon fiber are controlled by orienting 
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the carbon atomic structures with their strongest atomic 

connections along the carbon fiber direction. 

Table I.    Properties of carbon Fibers 

Mechanical 

 

Nominal Value (SI unit) 

 E11 - Longitudinal 

 

161.3GPa 

 E22 – Transverse 

 

8.82GPa 

 Shear Modulus G12- In-Plane 5.14GPa 

 Poisson's Ratio ν12 - In-Plane 

 

0.300 

  

C   Laminate Configuration 

              Unidirectional lamina is a single lamina or 

several laminae (plural) with same material and 

orientation in all laminate. Laminate several laminae 

stacked and bonded together, where at least some 

laminae have different orientation or material.  

 
                     Figure 2:  Laminated Composite Material 

D.   Filament winding process 

     Filament shape is generated through this process are 

of surface revolution such as cylinders, pipes and 

spheres. In filament winding as shown in figure, 

continuous  

           

 

 

 

 

  

  

  

Figure 3.   Schematic Diagram of Filament Winding Process 

 

The process uses raw materials as fibers and resin in a fairy 

automate process with low labor, thus contributing to a 

low production cost. The programmed rotation of mandrel 

and horizontal movement of delivery produce the helical 

pattern. There are two basic types of winding machines 

helical and polar.  

III. ANALYTICAL DESIGN OF PRESSURE 

VESSEL  

Internal Pressure P=0.16 Mpa, Process Volume=306 m
3
 

Expected Stagnant Volume=20 m
3
, Buffer Volume = 10 m

3
 

P0 = Atm, Hence no special adjustments needed in this case 

Also, Vs = 20 m
3
,  Vp = 306 m

3
 

Since, Vs < 0.1×Vp , Hence it is Full process flow Vessel 

From Geometry 

 

  

 

   

 

Total Height H = L0 + 2L1 = 14.377 +2* 1.4163=17209.6 

mm 

L0 = NTD + Diameter of reinforcing pad (Dp) 

14.377 = 13.07 + Dp,   Dp = 13070 mm 

Determining internal pressure 

Fluid used : Water , Horizontal length = 17.2096 m 

Pressure at the top = P0 = Atm =160000 Pa 

  

                 Figure 4. Schematic Diagram Pressure Vessel 

 Density of water   

 

Hence value of P=0.328 is less than 1.4 Mpa. Same values 

we can use for next calculations. 

Material Properties SA 516 Grade 70 

Maximum allowable stress (S) = 280 Mpa 

Poisson’s ratio μ = 0.33 

Thickness of shell  

From ASME SECTION VIII, DIV –I, UG27 

  

P = Internal Pressure, R= Radius of shell 

S = Allowable strength of material ,E = welding efficiency 

  

Nominal shell wall thickness nt = 09 mm 
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A. Nozzle Design  

Nozzle diameter  d = 150 mm,  Rn = 75 mm 

Nozzle corrosion allowance, Nca = 3 mm 

  

Nominal wall thickness of nozzle is Nwall = 6 mm 

Parameters Required for Area Calculations 

 

Exterior projection of Nozzle Lp=1.5*d = 1.5*150 = 225mm 

Interior projection of Nozzle   lp = 0 mm 

 

Fr1(Allowable stress of shell) = Fr2(Allowable stress of 

Nozzle) = 1 since we are using same material for shell and 

wall.  

 

Area Calculations For Nozzle  

 

 

 

 

 

 

 

 

 

Here, Aa  < Ar , Hence reinforcing pad is required. 

Reinforcement Pad Calculations  

Dp = 13070 mm, Rp = 653.5 mm  

Reinforcing pad thickness  

  

Taking Treqp=6mm 

 

B. Area Calculations For Reinforcement Pad  

, A1= 391.392 mm2 A3=0 

 

= 22.5 mm2 

 

 

 

 

Here,      Aa  >Ar , Hence opening is adequately reinforced. 

We have to keep Aa slightly higher than Ar for the purpose 

of material saving. Hence we will reduce the value of Aa by 

reducing the value of Dp. Hence Dp = 232 mm is optimum 

value. we get Aa = 904.608 mm
2
  

slightly higher than Ar = 904.608 mm
2
 

Now, Rp = 116 mm 

  

Nominal      

Modified value of  L0= NTD + Dp=13070+232=13.302  

 

Internal Pressure 

 

Thickness of shell 

 

Nominal thickness     

Thickness of Nozzle  

  

Nominal thickness=6 mm 

C. Final Design Dimensions  

Thickness of shell = 9 mm, Diameter of shell = 5600 mm, 

Thickness of nozzle = 6 mm, Diameter of nozzle = 150 mm, 

Thickness of reinforcing pad = 6 mm  

Diameter of reinforcing pad = 232 mm 

Radius of spherical head = 2800 mm 

 

IV.      ANALYSIS OF COPV USING ANSYS 15.0 

Material Properties 

Configuration and properties of carbon fibers and 

matrix is given in table II, III, and IV as follows 
 
Table I.     Configuration of Matrix and Aluminum Liner 

 

Section 

 

Layer 

Thickness 

 

Material 

ID 

 

Material 

Orientation 

Angle 

 

Integration 

Points 

 

(main 

tank wall) 

 

1.9 

 

1 

 

0 

 

3 

 0.1 

 

2 

 

0 

 

3 

 0.1 

 

2 

 

0 

 

3 

 0.1 

 

2 

 

0 

 

3 

 0.1 

 

2 

 

0 

 

3 
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Inlet/outlet 

wall 

 

9.1 

 

1 

 

0 

 

3 

 
 
Table II.    Configuration of Reinforcement 
 

Reinforcing 

Layer # 

 

Material 

ID 

 

Fiber 

c/s Area 

 

Distance 

Bet
n
 Two 

Adjacent 

Fibres 

 

Fiber 

Orientation 

Angle 

 

1 

 

3 

 

0.05 

 

1.0 

 

45 

 2 

 

3 

 

0.05 

 

1.0 

 

-45 

 3 

 

3 

 

0.05 

 

1.0 

 

45 

 4 

 

3 

 

0.05e 

 

1.0 

 

-45 

  

The material properties of the liner are as follows: 
Table III.   Properties of Aluminum Liner 

 

Material Properties: Aluminum Liner 

 Young's Modulus Ex 

 

72.0 (Gpa) 

 
Poisson's ratio PRXY 

 

0.29 

  

The material properties of the bonding matrix and 

reinforcing fibers are as follows:   E- Young’s Modulus, µ- 

Poisons Ration 

Material properties for matrix Ex= Ey= Ez= 8.82 Gpa. 

Material properties for Reinforcing Fibers  

Ex=Ey= Ez=161.3Gpa, µ PRXY= µ PRYZ= µ PRXZ=0.33 

 

A.    Model 

      The pressure vessel consists of a cylindrical main tank, 

and an inlet and an outlet at each end of the tank as shown 

below. 

 
Figure 5.      Model 

The tank wall has a composite construction of one 

homogeneous aluminum liner and T800/EPOXY fiber-

reinforced layers. The inlet and outlet are made of 

aluminums alloy only.  

The shell element SHELL281 is used for meshing the 

matrix component. The element's improved shell 

formulation option is activated (KEYOPT (2) = 1).  

Element Description 

Shell 281 - 8-Node Structural Shell (6 degree of freedom) 

 

 

                 Figure 6.    SHELL281 Geometry 

SHELL281 is well-suited for linear, large 

rotation, and/or large strain nonlinear applications. 

Change in shell thickness is accounted for in 

nonlinear analysis. The element is defined by shell 

section information and by eight nodes (I, J, K, L, M, 

N, O and P). 

Single-Layer Definition 

 

To define the thickness (and other information), use section 

definition, as follows:  

SECTYPE, SHELL 

SECDATA, THICKNESS 

 

Multilayer Definition 

The shell section commands allow for layered shell 

definition. Options are available for specifying the 

thickness, material, orientation, and number of 

integration points through the thickness of the layers 

SHELL281 Input Summary 

Degrees of Freedom 

UX, UY, UZ, ROTX, ROTY, ROTZ if KEYOPT(1) = 0 

UX, UY, UZ if KEYOPT(1) = 1 

 

Material Properties 

EX, EY, EZ, (PRXY, PRYZ, PRXZ, or NUXY, NUYZ, 

NUXZ), Keyopt(1) 

 

The SHELL281 mesh is shown by the following figure. 
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Figure 7.     Meshing Mesh Size 100mm 

It is assumed that the fibers in each reinforced layer 

have a unique cross-section area, material property, 

spacing, and orientation, therefore, a smeared 

reinforcing approach is used.  

 

A. Solution 

Non-linear (geometric) analysis are carried out from layer 

20 to layer 5 at a pressure of 0.16 Mpa. Deformations of 

each layer values are noted down below.  

                Deformation of 5 layer= 4.67474mm 

 

 
 

Deformation of 20 layer = 4.0363 mm 

 

 
        

 VI.       RESULT  
Analysis is carried out from layer 20 to layer 5. Results are noted down in 
Table VI. 

 

   

Layer

s 

Deformat

ion (mm) 

Layer

s 

Deformat

ion (mm) 

Layer

s 

Deformation 

(mm) 

5 4.67474 11 4.37619 17 4.14041 

6 4.61899 12 4.33348 18 4.10489 

7 4.56591 13 4.29233 19 4.07006 

8 4.51529 14 4.25259 20 4.03603 

9 4.46692 15 4.21412 
  

10 4.42061 16 4.17677 
  

 

 

 
 
             Graph I.  Graph of Deformation (mm) versus numbers of layer 

 

                                   CONCLUSION  

1) Deformation decreases as number of layers increases. 

2) FEA shows the effect of fiber orientation on the 

properties of the component. 

3) Aluminum secondary layer from outside protects the 

COPV from loss of strength. 

4) For maximum strength to mass ratio no of layers 

increases with the minimum thickness. 
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