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ABSTRACT 
 
Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Master of Science 
 

DESIGN AND ANALYSIS OF FILAMENT - WOUND COMPRESSED 
NATURAL GAS CARBON FIBRE - REINFORCED  

COMPOSITE TANK 
 
 

By 
 

NURUL ZUHAIRAH MAHMUD ZUHUDI 
 

May 2008 

Chairman:  Professor Fakhru’l-Razi Ahmadun, PhD 

Faculty:  Faculty of Engineering 

 

First ply failure (FPF) strengths of laminated composite tank subjected to 

uniform internal pressure loads are studied via both analytical and finite 

element analysis approaches. The filament-wound CNG carbon fibre 

reinforced composite tanks are designed with a T6-6061 aluminium 

cylinder with elliptical end closures acts as the liner which is over-

wrapped with high modulus carbon fibre-reinforced epoxy composite.  

 

The objectives of this study are to optimize the composite layer 

thickness and to optimize fibre orientation configurations of carbon fibre 

laminate as to have a lightweight and high performance filament-wound 

CNG carbon fibre-reinforced composite tanks. In analytical approaches, 

in order to predict the first-ply failure (FPF) pressure of filament-wound 

CNG carbon fibre-reinforced composite tanks, the stresses and strains 



 

 

 
 

 

throughout the laminate were determined using the classical lamination 

theory which were then used in three most common composite failure 

theories, that are the maximum stress theory, maximum strain theory, 

and quadratic or Tsai-Wu failure theory.  

 

Optimal general design of fibre orientations were then used to carry out 

in lay-up optimization or arrangement of composite layer stage to be 

used for filament winding process in order to study the effect of fibre 

orientation angles using an equal thickness of composite layer on the 

tank performance. The range of helical angles used is in between 0° to 

60°, which is based on the traditional theoretical optimal helical angles 

from classical lamination theory. The ratio of 2:1 hoop to helical angles is 

used to predict the maximum first-ply failure (FPF) pressure.  

 

The optimization results gave the optimal fibre orientations of the 

( )[ ]2411 90/30/30 −  with b/a = 1.093 for CNG 1, b/a = 1.110 for CNG 2 and 

b/a = 1.128 for CNG 3 which obtained were then used for stress analysis 

in finite element analysis using ANSYS version 7.1 software. The 

accuracy of the theoretical and finite element analysis of first-ply failure 

(FPF) pressure is verified by a verification study where a similar finite 

element model from literature have been modelled and analysed using 

similar method used to design filament wound CNG carbon fibre-

reinforced composite tanks in order to verify a valid finite element 

method used. The results were then being compared literature study. 



 

 

 
 

 

ABSTRAK 
 
Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Master Sains 
 

REKA BENTUK DAN ANALISIS TANGKI KOMPOSIT FILAMEN 
BERLILIT BERISI GAS ASLI MAMPAT DENGAN GENTIAN KARBON 

DIPERKUKUHKAN  
 

Oleh 
 

NURUL ZUHAIRAH MAHMUD ZUHUDI 
 

May 2008 

Pengerusi:  Professor Fakhru’l-Razi Ahmadun, PhD 

Fakulti:  Fakulti Kejuruteraan 

 

Kegagalan lapisan pertama (FPF) kekuatan-kekuatan tangki komposit 

yang berlapis bawah muatan-muatan tekanan dalaman yang seragam 

adalah dikaji melalui analisis kedua-dua pendekatan iaitu analitikal dan 

analisis unsur terhingga. Tangki-tangki komposit filamen berlilit gentian 

karbon CNG yang diperkukuhkan direka bentuk dengan satu silinder 

aluminium T6-6061 dengan penutupan akhir yang bujur berfungsi 

sebagai lapisan dalaman yang akan dibungkus besar dengan gentian 

karbon bermodulus tinggi yang diperkukuhkan dengan rencam epoksi. 

 

Objektif-objektif kajian ini adalah untuk mengoptimumkan ketebalan 

lapisan komposit dan untuk mengoptimumkan orientasi gentian 

konfigurasi-konfigurasi lapis gentian karbon sebagai untuk menghasilkan 

tangki-tangki komposit berfilamen berlilit gentian karbon CNG yang 



 

 

 
 

 

diperkukuhkan yang ringan dan berprestasi tinggi. Dalam pendekatan-

pendekatan analisis, untuk meramalkan tekanan bagi kegagalan lapisan 

pertama (FPF) tangki-tangki komposit berfilamen gentian karbon CNG 

yang diperkukuhkan, tekanan dan terikan sepanjang lapis adalah 

ditentukan menggunakan teori pelapisan klasik yang telah kemudiannya 

digunakan dalam tiga rencam paling popular dalam teori-teori 

kegagalan, yang adalah teori tegasan maksimum, teori keterikan 

maksimum, dan kuadratik atau teori kegagalan Tsai-Wu. 

 

Corak umum optimum orientasi-orientasi gentian adalah kemudian 

digunakan bagi menjalankan dalam mengumpul pengoptimuman atau 

susunan peringkat lapisan komposit teratur untuk digunakan dalam 

proses lilitan filamen bagi mengkaji kesan sudut-sudut orientasi gentian 

menggunakan ketebalan yang sama rata lapisan tangki komposit. Julat 

sudut-sudut berlingkar digunakan adalah dalam antara 0° to 60°, yang 

adalah diasaskan ketradisionalan sudut-sudut yang berlingkar teori dan 

optimum daripada teori pelapisan klasik. Nisbah 2:1 gelung untuk sudut-

sudut berlingkar adalah digunakan untuk meramal maksimum tekanan 

kegagalan lapisan pertama (FPF). 

 

Hasil-hasil pengoptimuman memberi orientasi-orientasi gentian optimum 

( )[ ]2411 90/30/30 −  dengan b/a = 1.093 untuk CNG 1, b/a = 1.110 untuk 

CNG 2 dan b/a= 1.128 untuk CNG 3 yang diperolehi adalah 

kemudiannya digunakan untuk analisis tegasan dalam analisis unsur 



 

 

 
 

 

terhingga menggunakan perisian ANSYS versi 7.1. Ketepatan analisis 

teori dan analisis unsur terhingga bagi tekanan kegagalan lapisan 

pertama (FPF) disahkan oleh satu pengesahan kajian di mana satu 

elemen terhad serupa daripada maklumat kajian bertulis terdahulu telah 

dijadikan contoh dan dianalisis menggunakan kaedah serupa digunakan 

untuk mereka tangki-tangki komposit berfilamen berliku gentian karbon 

CNG yang diperkukuhkan untuk mengesahkan satu kaedah unsur 

terhingga yang tepat digunakan. Hasilnya adalah kemudian 

dibandingkan dengan kajian terdahulu. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction 

Known pressure vessels that can operate at high pressures include all 

metallic vessels. An all-metallic vessel which would satisfy the strength 

requirements for operating at high pressures generally requires high 

grade steel whose cost makes commercial production of such vessels 

unfeasible. Filament-wound composite pressure tanks, which utilize a 

filament winding fabrication technique to form high strength and light 

weight reinforced plastic parts, are a major type of high pressure vessels 

and are widely used in commercial and aerospace industries such as 

fuel tanks, and rocket motor cases as reported by  Shen [35]. 

Due to the rapid development of material science, the composite 

material industry has been growing at a dramatic pace in order to meet 

the challenges of the future. The lightweight, high strength and high 

performance composite structures can offer a significant weight savings 

over their traditional metal parts studied by Chang [26]. 

Continuous filament winding has provided opportunities for designers to 

gain the ultimate strength out of materials and to efficiently place 



 

 

 
 

 

materials where is needed. The successful development of filament- 

wound pressure tanks with metal liner has provided significant weight 

savings over the conventional metal pressure tanks. The basic concepts 

of this design is to use a thin metallic liner designed mainly as 

permeation barrier with little load carrying capacity capability, while the 

composite is sized to carry all the pressure loads. Therefore, the weight 

savings can be derived from the dramatic difference in specific strength 

between metal and composite. The leaks before burst or rupture 

characteristics of the filament-wound metal lined pressure vessel further 

enhance the safety of the overall system.    

 

1.2 Problem Statement 

 

Among present known fuels natural gas is one of the cheapest, the most 

environmentally friendly and provides the highest safety margin during 

operation. The most important component of natural gas fuel systems is 

the compressed natural gas (CNG) storage tank. The high-pressure tank 

must safely (statically) withstand, without leakage or cracking, the 

maximum operational pressure and fatigue load cycles resulting from 

recharging. The problems or issues involved in the design and analysis 

of a filament-wound composite tank is to optimise composite layer 

thickness and optimise fibre orientation configuration of composite 

laminated in order to have high pressure tank.  

 


