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ABSTRACT 
The aim of this paper is to elaborate the design procedure of alternative materials for manufacturing of liquid petroleum gas 
(LPG) cylinder. LPG is a color less liquid which readily evaporates into a gas. A mixer of air, the gas can burn or explode when 
it meets a source of ignition. Composite materials are macroscopic combinations of two or more distinct materials having a 
discrete and recognizable interface separating them. Composites are heterogeneous materials. The weight savings are also 
presented for steel, Glass Fiber Reinforced Plastic (GFRP) composites LPG cylinders.  LPG cylinder is reduced by replacing 
conventional metal by GFRP material.  
 
Keywords: GFRP, LPG Cylinder, Solid Modeling. 

1. INTRODUCTION 
LPG is a mixture of butane and propane having both saturated and unsaturated hydrocarbons. Most of the hydrocarbons 
possess satisfactory thermodynamic properties but are highly flammable. LP Gas at atmospheric pressure and 
temperature will be in the form of gas which is 1.5 to 2.0 times heavier than air. When compressed moderately at 
normal temperature, it becomes liquid. When gas is withdrawn, the pressure drops and the liquid reverts to gas. This 
means that it can be transported and stored as liquid and burnt as gas. The density of the liquid is about half that of 
water at 150C. LPG is odorless but a disgusting odor agent is added to assist in its detection in case of leakage. The 
odorant used in LPG is ethyl mercaptan. Ethyl mercaptan is selected because it is non-corrosive, has low sulphur 
content and possesses a boiling point very near that of LPG. It is now increasingly used as an aerosol propellant and a 
refrigerant, replacing chlorofluorocarbons in an effort to reduce damage to the ozone layer. 
 
The pressure of a LP Gas inside the cylinder will be equal to that of vapor pressure corresponding to the inside 
temperature. The vapor pressure is proportionately varies with temperature as well as the ratio of mixture of 
hydrocarbons. The expansion ratio of gas liquid is 270:1 at atmospheric pressure. Containers normally filled with 80-
85% liquid, leaving 15-20% space for expansion due to raise. The vapor pressure of propane rises as the liquid 
temperature rises. Propane (CH3CH2CH3) at -420C inside a container would be zero pressure. At 00C, propane vapor 
pressure will increase to 380 K Pa. At 380C, the vapor pressure of propane would be 1200 K Pa. 
 
 LPG cylinder is a kind of pressure vessel that requires high tensile and compressive strength to store pressurized gases. 
This study aims at reduction of weight of Liquid petroleum gas cylinder. The commonly used material for the 
manufacturing of LPG cylinder is steel. But the steel is heavier and has got some safety problems. In addition to this the 
steel progressively corrodes. So there arises a need to rectify these problems using some other alternatives.  
 
A Glass Fiber Reinforced Polymer gas cylinder doesn’t explode (Leak before fail approach) due to porosity formation of 
materials. The design method to be used depends on whether the longitudinal stress in the shell is tension or 
compression, and on whether the vessel is subjected to internal or external pressure. 
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2. DESIGN CONSTRAINTS 
2.1 Radial displacement should be zero at junction point holding surface to handling case. 

 
Figure 2.1 Radial and stress distribution within the cylinder wall when only internal pressure acts. 

 
2.2 Single Piece Composite cylinder 
 
Steel Cylinders are not manufactured in a single joint; the parts are welded in steel cylinder, while composite cylinders 
are manufactured in a single joint. Composite components cannot be welded like the steel cylinder. Composite 
Cylinders are winded using Filament Winding technique. 
 

 
Figure 2.2 Filament Winding Technique 

 
 
 

2.3 Design Loads 
 
2.3.1 Operating Pressure 
Maximum allowable operating pressure or MAOP refers to the wall strength of a pressurized cylinder such as a 
pipeline or storage tank and how much pressure the walls may safely hold in normal operation. The MAOP is less than 
the MAWP (maximum allowable working pressure). MAWP being the maximum pressure based on the design codes 
that the weakest component of a pressure vessel can handle. Commonly standard wall thickness components are used in 
fabricating pressurized equipment, and hence are able to withstand pressures above their design pressure. 
 
2.3.2 Design Pressure 
Design pressure is the maximum pressure a pressurized item can be exposed to. Due to the availability of standard wall 
thickness materials, many components will have a MAWP (maximum allowable working pressure) higher than the 
required design pressure. 
 
2.3.3 Factor of Safety 
Factor of safety (F.O.S) is a term describing the capacity of a system beyond the expected loads or actual loads. 
Essentially, the factor of safety is how much stronger the system is than it usually needs to be for an intended load. 
Safety factors are often calculated using detailed analysis because comprehensive testing is impractical on many 
projects. 
For the Composite Cylinder the Factor of Safety=2.5 
Therefore, 
Design Pressure = Operating Pressure *2.5 
Design Pressure = 1.2Mpa * 2.5 
Design Pressure = 3.0Mpa 
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3.  Material properties 
Table 1: The detailed material data 

Cured Composite – E-Glass fiber (1200 Tex)/ Epoxy LY556 
Sl. 
No. 

Parameters Value 

1 Longitudinal modulus, E1 44 GPa 
2 Transverse modulus, E2 10 GPa 
3 Shear modulus, G12 8 GPa 
4 Poison’s ratio,v12 0.24 
5 Longitudinal tensile strength, 

T1 
800 MPa 

6 Transverse tensile strength, T2 18 MPa 
7 Longitudinal compressive 

strength, C1 
400 MPa 

8 Transverse compressive 
strength, C2 

85 MPa 

9 In-plane shear strength, S12 44 MPa 
10 Density 2100 kg/m*3 
11 Fiber volume fraction, Vf 0.6 

 
3.1 Design Calculations Theory 
3.1.1 Netting analysis for design of filament wound pressure vessels 
Netting analysis is a simple tool for approximating hoop and axial stresses in filament wound pressure vessels. The 
technique assumes that the stresses induced to the structure are carried entirely by the reinforcing fiber, and that all 
fibers are uniformly stressed in tension. The load carrying contribution of the matrix is neglected, and its only function 
is to hold the geometric position of the fibers. 
 

 
Figure 3.1.1 Helical layer element-axial direction, solving forces in the axial direction. 

Nx=  2

2
CostPR

ff  

Solving for tf provides the helical fiber thickness required to carry the internal pressure. 

 22 Cos
PRt

f
f       (1) 

 
Figure 3.1.2 Helical layer element - Hoop direction. 
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Fig.3.1.2 shows the forces acting in ±α helical layer in the hoop direction. The running load, NH, is the force per unit 
direction in the hoop direction. 
Summing forces in the hoop direction: 

 2. SintRPN ffH   

Solving for tf, 

 2Sin
PRt

f
f        (2) 

 
Substituting tf of Eq (2) in Eq (1), yields tan2α=2, solving for wrap angle; 
α = ±54.70. This is the wrap angle required for a pressure vessel utilizing only helical layers. 
Now consider a filament wound pressure vessel with both helical and hoop layers. The helical layers have a wrap angle 
of ±α and the hoop layers have a wrap angle of 900. The below fig 3.1.3 illustrates the forces acting on the ±α helical 
layer in the axial direction. 
 

 
Figure 3.1.3 Helical and hoop layer element - hoop direction 

 
 
Summing forces in the axial direction and solving for tf, yields Eq. (1), which is the helical fiber thickness required to 
carry the internal pressure. Figure 3.1.3 shows the forces acting on the ±α helical layer and the hoop layer in the hoop 
direction. Summing the forces in the hoop direction and substituting tf from Eq. (1) yields: 

)tan2(
2
PR =t 2

f
f 


       (3) 

Where tf  is the hoop thickness required to carry the internal pressure. The fiber thickness (tf) and allowable fiber stress 
(σf) can also be expressed in the following standard filament winding terms. Band density (A), which is the quantity of 
fiber reinforcement per inch of bandwidth, where the band width (W) is the width of fiber reinforcement as it is applied 
to the mandrel. Tow tensile capacity (f), which is the load carrying capability of one tow of reinforcement fiber, and 
layers (L), which is the number of layers required to carry the internal pressure. Substituting these terms into Eq. (1) 
and solving for L: 

2)( .2 CosA
PRL

helicalf

      (4) 

 
Where L is the number of helical layers required to carry the internal pressure. Substituting these terms into Eq. (3) and 
solving for L: 

)tan2(
2

2

)(


helicalfA

PRL     (5) 

Where L is the number of hoop layers required to carry the internal pressure. The tow tensile capacities (fHELIX and 
fHOOP) can be determined experimentally. Standard practice is to design and fabricate pressure vessels that will fail in 
either helix or hoop during hydro burst testing. Substituting the design parameters and hydro burst results into 
Equations (4) and (5), and Solving for ‘f’ provides the tow tensile capacity for the given fiber in both the helix and 
hoop directions. 
 
Netting analysis is a useful tool for approximating hoop and axial stresses in filament wound pressure vessels. It is a 
conservative analysis technique that considers only the strength of the reinforcing fiber. However, when utilizing 
experimentally determined tow tensile capacities, netting analysis is an excellent preliminary design tool that is still 
used throughout the filament winding industry. 
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3.2 Design calculations 
1). Consider the diameter of metal boss for nozzle be (D0) = 60 mm 
Radius of metal boss (R0) = 30 mm 
Then diameter of the LPG cylinder (D1) = 300 mm 
Radius of the LPG cylinder (R1) =150 mm 
From Clavert’s Equation, we know that 
RSinα = constant 
R0 Sinα0= R1Sinα1 
Here, α0=90° 
R0 (sin90) = R1Sinα1 

α1= )(sin
1

01

R
R  

 

α1= )
150
30(sin 1  

 
α1= 11.50 

 
2) Operating Pressure of a LPG cylinder, Pop=1.2 Mpa 
Consider Factor of Safety =2.5 
Then Design Pressure (Pd) = operating pressure (Pop) * factor of safety 
Pd = 1.2 * 2.5 
Pd = 3 Mpa 
 
3) For E-Glass Fiber (1200 Tex) / Epoxy LY556 
Longitudinal Tensile strength σ90  = 800 Mpa 
Strain ratio = 0.8 
σf = 0.8 * 800 
σf  = 640 Mpa 
thelical = 0.366= 0.4 mm 
thoop = 0.55 = 0.6 mm 
Assume layer thickness = 0.3 mm 
Therefore Number of hoop layers =0.6/0.3 
= 2 layers. 
 
3.3 Ply Design 
Z4 = 0.5  +900       Top plane 
Z3 = 0.2  +11.50 

Z2 = 0 - - - -  0o - - - -   Mid Plane 
Z1 = -0.2  -11.50 

Z0 = -0.5  -900       Bottom plane 
 
3.4 Metallic boss Calculation & angle variation at dome 
We assume thickness of the cylinder to be 1mm at radius 150mm. 
R1t1cosα1 = R2 t2cosα2 
Here R1=150mm, t1=1mm and α1= 11.50 

i.e. R1t1cosα1=150*1* cos11.50 =146.98 
For different values of R2 and cosα2 the thickness values are calculated.  
Values of R calculated till to get an angle of α= 54.170.   
Sinα= r/R 
Sinα= 30/150 
α= 11.50, thickness = 1mm 
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4.  Solid model of Cylinder: 
Modeled the parts as well as assembly is done in using CREO software. 
 
i. Polar Boss: Fabricated out of brass material. 

  
Figure 4.0.1 Metallic Boss and its cross section 

 

 
Figure 4.0.2 Rubber and its cross section 

 
ii. Nozzle: Machined from brass rods 

              
Figure 4.0.3 Nozzle   Figure 4.0.4 Assembly with Cover 

 
5.  CONCLUSION 
Netting Analysis of GFRP composites has been studied and discussed in brief to have some understanding of behavior 
of FRP composites.  
1.   The composite LPG cylinder designed is meeting the stipulated MEOP. 
2.  The new method proposed for analysis of filament wound composite cylinder is worked out to be efficient in 

accurately predicting the structural response. 
3.   The design stresses are within safe limits. 
      From analysis, FRP materials are suitable for replacing steel cylinders, these cylinders would withstand more stress 

compared to the steel cylinder. The life time of these cylinders will be double compared to the steel cylinder 
because of their less corrosion rate. Stresses are within safe limits and weight saving can be achieved by 75% 
against the metallic cylinder.   
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