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Abstract 
This project is aimed towards the defence industry, resulting in a lot of information being 

classified. This report is therefore written in a way so no sensitive and secrecy information is 

revealed.  

In today’s model of the Combat Vehicle 90 (CV90), there is no self-sealing ability implemented 

into the fuel tank. When a projectile penetrates the fuel tank walls, the fuel will leak out. This 

master thesis is a pre-study to see what kind of available self-sealing applications there is on the 

market today and how these can be implemented into the fuel tank of the CV90 in order to make 

the fuel tank leak proof if damaged. 

An extensive research phase has been conducted where theory regarding projectiles and 

ammunition, damage prevention, damage management and fuel tanks has been gathered. The 

theory part of the project is constructed with a top down philosophy where the fuel tank of the 

CV90 is in centre. The theory chapter first focus on the threats present in a war zone. The next 

step is to prevent damage from happening by designing and dimensioning the CV90s fuel tank 

armour with the help of STANAG 4569 protection levels. If the armour is not sufficient enough 

and damage occurs anyway to the fuel tank, management of the damage can be dealt with by 

using different self-sealing techniques. For the viewer to understand the concept of a fuel tank 

better, theory has been gathered in the field of fuel tanks regarding fuel slosh, explosive 

combustion, fuel cells used in racing, history of self-sealing fuel tanks and different technical 

solutions in the form of patents and self-sealing applications provided by companies on the market 

today.   

The project is a pre-study in a Research and Development process. The process is divided into a 

knowledge part and a result part, where the knowledge part is the most extensive, consisting of 

planning the project, understanding the task and the problems in the project, research around the 

task and evaluating the researched material. The research consists of analysing the self-sealing 

market, analysing self-sealing patents and investigate self-sealing techniques in known literature. 

The benchmarking method has been a well-used tool during the project and especially during the 

research phase in order to analyse and structure the gathered data.  

The result part consist of an idea generation phase including brainstorming and an idea evaluation 

phase in which morphologic matrixes has been used for the evaluation of the brainstorming ideas. 

A meeting with the company GKN has been conducted with the purpose of gaining deeper 

knowledge of their self-sealing product and to create an understanding of how their self-sealing 

application could be fitted into the fuel tank of the CV90. The last phase of the result part is the 

concept phase where six different concepts have been presented as the final result of this pre-

study. Resulting data of the research phase has been presented in the result chapters of this report. 

The resulting concepts have been divided into three different categories being self-sealing fuel 

bladder, self-sealing coating and future concepts. The concepts are created to suit the needs 

analysis and the requirement specification stated in the beginning of the project. Two different 

concepts have been created for each category. The future concepts are created with no 

requirements in mind other than that they should be plausible to implement in a near future 

version of the CV90, effectively removing the wildest concept ideas from the results in order to be 

realistic. 

  



 

 

  



 

 

Sammanfattning 
Detta projekt är riktat mot försvarsindustrin vilket resulterar i att en hel del information är 

hemligstämplad. Denna rapport är därför skriven på ett sätt så att inte känslig och sekretessbelagd 

information avslöjas. 

I dagens version av Stridsfordon 90 (CV90) finns det ingen självtätande förmåga implementerad i 

bränsletanken. När en projektil tränger igenom bränsletankens väggar kommer bränslet att läcka 

ut genom det skapade hålet. Det här examensarbetet är en förstudie för att se vilka olika typer av 

självtätande applikationer som finns tillgängliga på marknaden idag, och hur dessa skulle kunna 

implementeras i bränsletanken i CV90 så att bränsletanken håller tätt även fast en skada uppstår. 

En omfattande undersökningsfas har utförts där teori har fastslagits rörande projektiler och 

ammunition, förebyggandet av skador, hantering av skador och kunskap om bränsletankar. 

Teorikapitlet är konstruerat med en ”top-down” filosofi där bränsletanken i CV90 står i centrum. 

Första delen i teorikapitlet fokuserar på hoten som finns i en krigszon. Nästa steg är att förebygga 

uppkomsten av skador genom att designa och dimensionera bränsletankens pansar med hjälp av 

skyddsnivåerna i STANAG 4569. Om det pansar som är monterat på bränsletanken inte räcker till 

och en skada ändå uppstår i bränsletanken så kan skadan hanteras med hjälp av olika självtätande 

tekniker. Information om bränsletankar har samlats för att läsaren ska förstå användningen av en 

bränsletank bättre. Informationen har att göra med skvalpning, explosiv förbränning, bränsleceller 

i racingbilar, historia om självtätande bränsletankar och olika tekniska självtätande lösningar i 

form av patent och självtätande applikationer, tillhandahållna av företag på marknaden idag.  

Projektet är en förstudie i ett Forsknings- och Utvecklingsprojekt. Processen är uppdelad i en 

kunskapsdel och en resultatdel. Kunskapsdelen är den mest omfattande delen, innehållande en 

projektplaneringsdel, en del med förståelse för uppgiften och problemen i projektet, en 

undersökning kring uppgiften och en utvärdering av det undersökta materialet. Undersökningen 

består av att analysera den självtätande marknaden, analysera självtätande patent och undersöka 

självtätande tekniker i känd litteratur och vetenskapliga artiklar. Benchmarking metoden har varit 

ett välanvänt verktyg i projektet, framförallt under kunskapsdelen för att analysera och strukturera 

insamlad data. 

Resultatdelen innehåller en idégenereringsfas innehållande brainstorming, och en 

idéutvärderingsfas i vilken morfologiska matriser har använts för att utvärdera brainstorming 

materialet. Ett möte med företaget GKN har genomförts med syftet att skapa djupare förståelse för 

deras självtätande produkt och även för att skapa en förståelse kring hur deras självtätande 

applikation kan monteras i bränsletanken i CV90. Den sista fasen i resultatdelen är konceptfasen 

där sex stycken olika koncept presenteras som det slutliga resultatet för denna förstudie. 

Resulterande data från kunskapsdelen har även presenterats i resultatkapitlen i denna rapport. 

De resulterande koncepten har delats upp i tre olika kategorier. Dessa är självtätande bränsleblåsa, 

självtätande coating och framtida koncept. Koncepten är skapade för att uppfylla behovsanalysen 

och kravspecifikationen som fastslogs i början av projektet. Två olika koncept har skapats för 

varje kategori. Framtidskoncepten är skapade utan att ta hänsyn till kravspecifikationen, det enda 

hänsyn tagits till är att lösningen ska vara möjlig att implementera i en kommande version av cv90 

som inte ligger så långt fram i tiden. Genom att fastslå detta så rensas de vildaste konceptidéerna 

effektivt bort, vilket lämnar kvar de mer realistiska lösningarna. 
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1 Introduction  
A pre-study on implementing Self-sealing techniques in the fuel tank of the Combat Vehicle 90, is 

a master thesis that corresponds to 30 Hp, and is a part of the Master of Science education 

Industrial Design Engineering at Luleå University of Technology. The assignment is given by 

BAE Systems Hägglunds, located in Örnsköldsvik, Sweden, and is meant to be an exploratory 

around the subject self-sealing fuel tank. This project was stated due to the fact that this is a 

subject were BAE Systems Hägglunds never have made any research before and with increasing 

demands from customers, this is a most relevant question in order to be market-leading in the 

defence industry. The project correspond to 20 weeks full-time studies and is carried out during 

spring 2014. The time-schedule is shaped around these 20 weeks.  

1.1 BAE SYSTEMS 

“BAE Systems is a global defence, aerospace and security company employing around 88,200 

people worldwide. Our wide-ranging products and services cover air, land and naval forces, as 

well as advanced electronics, security, information technology, and support service.” (BAE 

Systems, 2014) 

This master thesis is conducted in the premises of BAE Systems Hägglunds, located in 

Örnsköldsvik, Sweden. The company is a part of the BAE Systems sector “Land & Armaments” 

and the aim of the company is to focus on the provision, development and upgrades of vehicle 

systems for military and security applications. Development of the CV90 and the BVS10 is 

performed at BAE Systems Hägglunds. Upgrades on the South African made OMC RG32M, also 

known as “Galt” in Swedish, or boar in English, owned by the Swedish Armed Forces, are also 

conducted in Örnsköldsvik. 

The BAE Systems Hägglunds Company was originally founded back in 1899 in Gullänget, 

Örnsköldsvik by Johan Hägglund. The founding name of the company back then was “Hägglund 

och söner” translated as “Hägglund and sons”. The location of the company in Örnsköldsvik is 

still the same. 

In the beginning, the company started out as a carpentry workshop, but during the years to come 

on forth to present day, the company has produced different products such as trolley cars, electric 

motors, trains, airplanes, hydraulic engines and cranes. During the year of 1957, the production of 

combat vehicle 74 started and later, the production of the armoured all-terrain vehicle 301. During 

the 1980s, the company got divided into three different companies, being; Hägglunds Vehicle, 

producing military equipment, Hägglunds Drives AB, producing hydraulic engines and 

MacGregor Cranes AB, producing cranes. In the year of 1997, Hägglunds Vehicle was bought by 

the British company Alvis, which later on became a part of the concern of BAE Systems. 

(Hägglunds, 1989) 

1.2 PROJECT INCENTIVES 

The description of the assignment given by BAE Systems Hägglunds (BAE) follows: 

“A combat vehicle is to be equipped with a fuel tank which has a self-sealing function. The reason 

for this is so that the fuel tank will be able to handle damage without leaking any fuel.” 

The subject self-sealing fuel tank has until now been relatively unexplored by BAE. Speculators 

on the market are asking for these kinds of applications and that is why this master thesis is 

carried out. The purpose of the exploratory is to get an understanding if it is possible to implement 

a self-sealing application into the combat vehicles of BAE, and what this application would look 

like.   
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1.3 PROJECT STAKEHOLDERS 

The stakeholders for this project are BAE Systems Hägglunds which is the company were the 

project is conducted. Due to secrecy, potential customers are left out of this report. This project is 

the master thesis and the final course to become a master of science in the field of Industrial 

Design Engineering at Luleå University of Technology, which is the second stakeholder. Other 

stakeholders will be the relevant suppliers for the self-sealing ability which may be implemented 

into the fuel tank. 

1.4 PROJECT OBJECTIVES AND AIMS 

The objective of this thesis is to perform a pre-study in the field of self-sealing fuel tanks with 

implementation in the combat vehicle 90 (CV90), seen in Figure 1. Increasing demands from the 

armed forces around the world, which state that the combat vehicles should be drivable after 

damage to the fuel tank, has led to this project. 

The aim is to conduct an explorative research in the field of self-sealing fuel tanks, resulting in 

ideas on which self-sealing concepts may be built, giving BAE better understanding of which kind 

and how self-sealing techniques can be implemented into the fuel tank of the CV90. 

 

Figure 1. CV90 
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1.5 GUIDING RESEARCH QUESTIONS 

Issues and questions are stated below: 

 How does the fuel tank of today’s model CV90 react when being hit by a ballistic? 

 With armour mounted, how much damage will todays CV90 withstand? 

 Which kind of self-sealing techniques are most common on the market today? 

 Which supplier/suppliers can develop and deliver the self-sealing application? 

 How much damage will the supplier’s self-sealing application withstand without  

leaking? 

 How well does explosive combustion preventers, such as Deto-stop work? 

 How difficult is it to retrofit the different self-sealing techniques to the fuel tank of the 

CV90? 

 Can the fuel be stopped from leaking into the manned space inside the CV90 if the fuel 

tank is perforated? 

 Which self-sealing technique would be best suited for this project? 

1.6 PROJECT SCOPE 

The scope and delimitation were set up early in the project with the help of the industrial advisor 

and key employees in the matter. They are stated in Table 1. 

Table 1. Project scope and delimitations 

Nr. Scope and delimitation 

1. The project will be limited to a pre-study due to the constraint. 

2. Solutions which can be implemented into the existing fuel tank are preferred. 

3. 
Solutions where modification of the fuel tank will be necessary, should be  

treated with caution, but not neglected as an idea. 

4. Large modifications to the fuel tank should not be made. 

5. 
Supplier/suppliers with relevant experience, technology and methods should be used 

for the solution. 

6. 
A principle solution will be created, that is, not a finished solution, consisting of a 

number of concepts, which will be evaluated, for further developing. 

7. No cost analysis will be made due to the time limit of the pre-study. 
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1.7 THESIS OUTLINE 

The rest of the thesis report is organized with the following chapter structure. 

Chapter 2, Theoretical framework, comprise the relevant scientific theory for this project. 

Chapter 3, Method and implementation, comprise the process and how the project is performed in 

terms of project planning, idea development and implementation to name a few.  

Results, is divided into three separate chapters for better overview being chapter 4, Problem 

specification, chapter 5, Research and chapter 6, Concept development. These chapters comprise 

the results of the project. 

Chapter 7, Discussion, focus on reflections and thoughts around the results made in the project 

and what could have been done differently. 

Chapter 8, Conclusions, answer questions stated in chapter 1 and comprise a description of how 

the result is compared to the project objectives and aims.  
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2 Theoretical framework 
This project is approved to fit the standards of the Master of Science education Industrial Design 

Engineering, given at Luleå University of Technology. The main focus of this education, apart 

from the standard classes given for a Master of Science education such as mathematics and 

physics, is to give the graduate tools and knowledge in the field of design, enabling the graduate 

to perform different design and product development projects.  

This project and report is performed and written with an Industrial Design Engineering approach 

from a product development point of view. In order for the project to have the right approach 

suitable for an Industrial Design Engineering thesis, the main focus has been to provide the viewer 

with the right kind of knowledge and tools necessary for creating and designing creative and 

intuitive self-sealing concepts. In order to understand creativity the creativity process can be 

divided into four steps being, Preparation, Incubation, Insight and verification. (Haefele, 1962)  

It is important to have an open mind in a creative process to succeed and not have a negative 

attitude towards the task given.  

This project is a development project were solutions to the idea of having a self-sealing fuel tank, 

will be investigated. Therefore an understanding of a systematic design process is important when 

running a development project. A tool used for the process in this report is Problem-driven 

forecasting, which is a rational and realistic problem solving tool which in a scientific way 

proceeds from the existing problem or idea towards the solution for it. (Systematisk Design, 2011)  

In order to visualize the concepts in the end of the process sketching techniques may be used. An 

understanding of drawing basics such as perspective use, structure of the material and shading, are 

essential in order to make a fair and credent sketch. The sketches are preferably drawn with felt-

tip pens, with the help of a ruler to distinguish the edges of the sketch and markers to state the 

appropriate material colour, texture and shading. (Artistic training, 2010)  

The hard fact is that the CV90 is a combat vehicle, protecting the people in it, and if it needs a 

self-sealing fuel tank, the risk has been calculated for it to most likely get hit by projectiles, in this 

case in the shape of bullets fired from enemy weapons. Depending on the armour level mounted 

to the CV90, it can be quite tolerable to enemy fire, but it is when the armour gives in, the self-

sealing fuel tank is needed. 

This chapter is constructed with a top down philosophy in mind, first describing the different 

projectiles and ammunition used in a modern war field.  

The next part, damage prevention, deals with the dilemma to foresee and prevent damage to the 

combat vehicles fuel tank caused by projectiles. This with the help of STANAG 4569 which 

describe protection levels based on the safety of humans, depending on the threat. As a reminder, 

even though the combat vehicle never gets hit, the formation of damage can never be excluded 

entirely in modern day materials. Therefore periodic inspection is needed to monitor damage. (van 

der Zwaag, 2007) 
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 If damage occurs to the fuel tank, management of the damages has to be dealt with. Two time 

constants are important in this matter, the rate of damage formation and the rate of damage 

healing. The rate of damage healing should therefore be higher than the rate of damage formation 

in a material in order to get good self-sealing abilities. 

The last part of the chapter describes the basic facts about a modern day fuel tank and different 

components used to improve it, alternative fuel tank solutions used in racing, the history and 

patents of self-sealing fuel tanks and lastly, manufacturers providing self-sealing techniques. 

2.1 ITAR and EAR 

The International Traffic in Arms Regulations and the Export Administration Regulations are 

shortly described as ITAR and EAR. These two regulations are important United States export 

control laws which affect the manufacturing, sales and distribution of technology. The purposes of 

these are to prevent the transfer or disclosure of sensitive information to a foreign nation. 

The United States Munitions List or USML contains restricted articles and services which apply 

to ITAR. The Commerce Control List or CCL contains regulated commercial items, which 
include both commercial and military applications. 

In order to be ITAR or EAR compliant, a manufacturer or exporter must register with the U.S. 

State Departments Directorate of Defence Trade Controls (DDTC) if their articles or services 

appear on the USML or CCL lists. If a global company has data related to a certain kind of 

technology and this has to be transferred over the internet or stored locally outside of USA, ITAR 

and EAR compliance may be problematic. The manufacturer or the exporter has the responsibility 

to certify that they are in compliance with the regulations, if not; the result can be fines as high as 

500,000 dollars per violation. In a worst case scenario, criminal penalties can be 1,000,000 dollars 
and 20 years imprisonment per violation. (Techtarget, 2012) 

2.2 PROJECTILES AND AMMUNITION 

There are a variety of projectiles, weapons and ammunition types around the world. The most 

common weapons and ammunition used by NATO in their STANAG grading system are Assault 

rifles with ball ammunition, assault rifles with armour piercing ammunition, assault and sniper 

rifles with tungsten carbide ammunition, heavy machine guns with AP ammunition and automatic 

cannons with APDS ammunition, see Table 2. 

Ammunition 
Ammunition is actually a cartridge, and is generally put together by four elements, the first one 

being a case made of brass, nickel or steel, and the second one being the primer used for igniting 

the propellant, the third one being the propellant/powder or gun powder and the forth one being 

the projectile also known as the bullet. The bullet can be designed to have different types of 

coating such as copper, in order to withstand the high temperatures caused when fired from a 

weapon with lots of energy. This coating layer is called jacket. (Green & Green, 2014)  

Ammunition is generally expressed in a metric measurement with the exception of USA, which 

uses inch as unit. For example, ammunition labelled 5.56 x 45 mm is 5.56 mm in diameter and 45 

mm long. In this report, the metric system will be used. (Peakprosperity, 2013) 

  



 

7 

 

There are several type of acronyms used for ammunition and bullets. HP, JSP, FMJ, AP, APDS 

and HEAT are a few of numerous different abbreviations which can be put together. The 

information in each acronym may be used to form different abbreviations depending on the 

specification needed. (Thetruthaboutguns, 2013) 

HP Stands for Hollow point. The tip of the bullet is hollow and its purpose is to expand, 

increasing the diameter of the bullet upon entering a target, decreasing the depth of the penetration 

and tearing up more tissue. (Thetruthaboutguns, 2013) 

JSP stands for Jacketed Soft Point. The tip of the bullet consists of lead and is left uncoated. The 

purpose of a non-coated tip is to get maximum expansion in tissue, without the lead fouling in the 

barrel of the weapon. (Thetruthaboutguns, 2013) 

FMJ stands for Full Metal Jacket and can sometimes be referred to as ball ammunition. It has a 

lead core surrounded by a full covering of brass, copper or mild steel. It is commonly used in the 

army. (Firearmsid, 2014) 

AP stands for Armour Piercing. The bullets casing is strengthened made from steel or tungsten 

alloys. The shape of the bullet is sharply pointed and the nose of the bullet is hardened. The AP 

bullet is used for punching trough armour plating. Armour piercing bullets can be combined with 

an incendiary in the tip of the bullet, naming it API or Armour Piercing Incendiary. The purpose 

of the incendiary is to aid the penetration of thicker armour by creating enormous amount of heat, 

melting the armour. (Selectguns, 2014; Firearmsid, 2014) 

APDS stands for Armour-Piercing Discarding Sabot. A sabot is used for firing a small size 

projectile out of a big diameter barrel. The projectile is wrapped in a sabot, made of lightweight 

materials, in order to raise the muzzle velocity of the projectile by increasing the pressure in the 

barrel. When the sabot enters the still air in the end of the barrel, the shock pulls the parts of the 

sabot away from the projectile allowing the projectile to continue the flight at a higher velocity, 

than being fired on its own without the sabot. It is often used for piercing heavy armour. (Army-

technology, 2014) 

HEAT stands for High Explosive Anti-Tank. The warhead is made of an explosive shaped charge. 

There is a conical or hemispherical hollow in the forward end of the explosive creating a high 

velocity partial stream of metal, greatly increasing the penetration capability when hitting the 

target, the so called Munroe effect as mentioned in. The HEAT warhead is used to successfully 

penetrate heavily armoured vehicles such as combat vehicles. (Merriam-webster, 2014) 
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Explosives 
There are different kinds of explosive inventions serving different purposes. The most common 

used in battle are land-mines, built to disable enemy targets such as soldiers and armoured 

vehicles as they pass over or near the device. There are a variety of different kinds of mines. 

Detonation generally occurs when a soldier or a vehicle ads weight to a pressure sensor on the 

mine by stepping or driving over it. Another simple way of detonating a mine is with a trip wire 

system. A wire is connected to a pin on the mine, detonating it if the pin gets pulled by someone 

or something tripping the wire. (The Monitor, 2014) 

When there is a standard such as the STANAG 4569, manufacturers can protect their vehicles 

fulfilling the demands for protections for the known threats. Though, there will be problems 

designing good enough armour if the threat is unknown. In many countries were wars are being 

fought, weapons called IED (Improvised Explosive Device) are being used, mostly by terrorist 

and guerrillas. The principle of an IED is that it can be built in nearly infinite ways, wiring 

different kind of bombs, explosives, liquids and shrapnel together to create the desired effect. The 

IEDs are often hidden to make them hard to detect. They are often placed inside cars, on boats, on 

animals and even on people, so called suicide bombers. This being said, the shape and fire power 

of the IED can vary in nearly infinite ways making it hard to protect vehicles and humans against 

them. (The Monitor, 2014) 
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2.3 DAMAGE PREVENTION 

To protect a vehicle and the people in it, and especially the fuel tank in this case, different design 

principles can be used depending on the threat. The forthcoming chapters will present answers 

regarding questions in the field of damage prevention, damage management, self-sealing fuel 

tanks and what materials to use, and the principles of a fuel tank. 

As seen in “2.2 Projectiles and ammunition” there are a lot of different types of threats in a war 

zone. Nearly every threat can be prevented with enough armour though. As a consequence by 

adding more armour, the cost will rise due to the fact that armour is an expensive product to 

produce. The weight will also increase dramatically. (BAE Systems Hägglunds, 2014). 

Companies making armoured vehicles usually deliver what the customer want, but in order for the 

customer not to get ruined by putting on more armour than suited for their needs, the customer 

may use STANAG 4569, which is based on the safety of humans, to get guidance through the 

different threat levels there is.  

2.3.1 STANAG (Standardization agreement) 
The standardization agreement set up terms, conditions, processes and procedures for common 

military equipment between the member countries of the NATO (North Atlantic Threat 

Organization) alliance. Each NATO state establishes a STANAG and implements it within their 

military. The purpose of STANAG is to provide common administrative and operational logistics 

and procedures, so one nation members military may use another nation member’s military stores 

and support. STANAGs also form the basis for technical interoperability between a wide variety 

of communication and information (CIS) systems essential for NATO and Allied operations. 

(Princeton, 2014) 

The STANAG relevant for this project is STANAG 4569, which cover the field of protection 

levels for occupants of logistic and light armoured vehicles.  

STANAG 4569 

The STANAG 4569 agreement is aimed to standardise protection levels for logistic vehicle 

(vehicles designed to carry miscellaneous cargo) and light armoured vehicle (vehicles which 

provide protection from weapons up to a maximum of 25 mm calibre) occupants, to ensure that: 

 Commanders in the field can select the right equipment to fulfil a mission under a given 

threat. 

 Nations have a planning guide to deploy the appropriate equipment to address specific 

threats 

 Nations can develop and upgrade their equipment in match given threats.  (NATO, 2004) 

The different levels and their specifications can be seen in Table 2. 
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Table 2. STANAG 4569 Protection levels 

  

Level KE-Threat Reference-Artillery-threat 

5 

 

Automatic cannon: APDS Ammunition 

Distance: 500m 

Angle: Frontal arc to centreline: ± 30° sides  

included; elev. 0° 

 

Ammunition: 

25 mm x 137 APDS-T, PMB 073 

V500; 1258 m/sec; Vo: 1335 m/sec 

 

Artillery: 155 mm 

Estimated range of burst: 25 m 

Angle: all around 

Elev. 0°-90° 

 

 

 

4 

 

Heavy machine gun: AP Ammunition 

Distance: 200 m 

Angle: azimuth 360°; elev. 0° 

 

Ammunition: 

14,5 mm x 114 API/B32; V=911 m/sec 

 

Artillery: 155 mm 

Estimated range of burst: 25 m 

Angle: all around 

Elev. 0°-90° 

 

3 

 

Assault and sniper rifles: 

AP tungsten carbide core 

Distance: 30 m 

Angle: azimuth 360°; elev. 0°-30° 

 

Ammunition: 

7,62 mm x 51 AP (WC); V=930 m/sec 

7,65 mm x 54R B32 API; V=854 m/sec 

 

Artillery: 155 mm 

Estimated range of burst: 50 m 

Angle: azimuth 360° 

Elev. 0°-30° 

 

2 

 

Assault rifles: Armour piercing steel core 

Distance: 30 m 

Angle: azimuth 360°; elev. 0°-30° 

 

Ammunition: 

7,62 mm x 39 API BZ; V-695 m/sec 

 

Artillery: 155 mm 

Estimated range of burst: 50 m 

Angle: azimuth 360° 

Elev. 0°-30° 

 

1 

 

Assault rifles: Ball ammunition 

Distance 30 m 

Angle: azimuth 360°; elev. 0°-30° 

 

Ammunition: 

7,62mm x 51 NATO ball;      V=833 m/sec 

5.56 mm x 45 NATO ss 109; V=900 m/sec 

5.56 mm x 45 NATO M 193; V=937 m/sec 

 

Artillery: 155 mm 

Estimated range of burst: 100 m 

Angle: azimuth 360° 

Elev. 0°-18° 
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2.4 DAMAGE MANAGEMENT 

A self-sealing fuel cell is a fuel container which has the capability to seal holes by itself when 

being damaged by projectiles such as bullets. The self-sealing cell is not bulletproof, only 

puncture sealing.  The purpose of a self-sealing fuel tank is to minimize fuel loss when being 

perforated, giving the vehicle the chance to keep on running without the engine stalling due to 

fuel loss. Another aspect is to prevent hazardous spillage, maintaining the environment.  

(Navyaviation, 2014) 

There are different types of self-sealing inventions. In this thesis, there will be three major types 

of sealing techniques, these being:  

 Flexible fuel cells mounted inside of the fuel tank 

 Layers of coating in/on the fuel tank  

 Composites, making up the sealing technique or the shell of the fuel tank 

There are also two different types of applications placed inside of the fuel tank in order to prevent 

explosive combustion and fuel slosh, the first being a kind of soft, sponge like material called 

safety foam and the second being a mesh made of aluminium rolled in to small light mesh-balls. 

Historically, a general process for a self-sealing material is illustrated in Figure 2. 

 

Figure 2. Self-sealing process 

When a bullet penetrates the outside wall of the cell, see Figure 2, the elastic sealing material 

surrounds the bullet. As the bullet passes through the cell wall into the cell, the sealant quickly 

springs together and seals the hole.  The fuel in the fuel-tank reacts with the sealant and makes it 

swell, completing the sealing process. The reaction between the self-sealing rubber and petroleum 

in this configuration seals the hole completely. (Navyaviation, 2014) 

Problems that occur with a high velocity projectile piercing trough the shell of the tank making a 

clear hole, going into the liquid which in this case is fuel, is that the bullet starts to yaw and 

tumble due to the resistance made by the liquid. As a consequence, it is likely that the projectile 

leave the fuel-tank at an angle to its original line of flight, or even broadside, ripping a jagged exit 

hole, much bigger than the entry hole in the tank. The metal of the shell will be flared and bulged 

and will not offer support for the sealing material at the point of puncture. (Merrill J. , 1947) 
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2.4.1 Flexible fuel cells 
A flexible fuel cell is generally a bag tank, made of a rubber like material which self-sealing 

abilities have been implemented into. The bag tank may be compared to a balloon in the way it 

behaves when filled with a liquid, it will expand to a point where it will burst. The bag tank is not 

self-supportive and need an outer structure to form its shape and to hold it in place. Some 

companies use layer structure for the bag tank construction with different material abilities in each 

layer to fulfil self-sealing capabilities and stiffness. (GKN, 2014) 

Fuel lines are connected by bolting flanges with connectors onto the bag tank; flanges are also 

used to bolt the bag tank to the surrounding structure in order to keep it in place. (GKN, 2014)  

2.4.2 Layers of coating  
It is possible to implement self-sealing abilities into a coating and then apply it to a surface. The 

application of the coating is made with a spray gun or a brush, applying the desired thickness of 

coating needed to a surface usually of metall. A general rule for coating is to apply a layer to the 

surface as thick as the diameter of the penetrating object in order for the coating to self-seal. (Hit-

USA, 2014) 

2.4.3 Composites 
A composite, in this case, is made up by different sorts of material which together creates a 

unified material or a composite. The advantages of a composite, if put together with the right 

materials, is that it is self-supporting. This means that the composite can be used as a fuel tank 

without the support of a metal tank. The major advantages when applying a self-sealing 

application to a composite structure is that it can be integrated into the composite and that the 

composite wall, with the right material combination,  returns to its original shape after being 

penetrated, resulting in no sharp and jagged holes as with the case of the metal tank. The 

disadvantages with the composite are that it has to be quite thick in order to tolerate greater forces, 

it will also be much more flexible than a metal, making it hard to apply any kind of heavy 

protection due to the risk of cracking and flexing, as the case would be if applied to a combat 

vehicle. (van der Zwaag, 2007)  
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2.4.4 Material properties 
There are several different types of self-sealing materials available today. The functions differ, 

depending on which kind of material it is. To get a deeper understanding of how a potential 

modern self-sealing material works, three different sorts of materials which heal when being 

damaged are presented below. These are similar and reminds of the self-sealing techniques 

described in the prior part, being flexible fuel cell, Layers of coating and composites. 

Structural polymers are fragile to cracks, which can occur deep within a structure. Detection of 

damage in adhesives, polymeric coatings and structural composites is difficult which makes it 

almost impossible to repair the formed cracks, which can span many length scales in the material. 

Once a crack has formed in the polymeric material, the integrity of the structure is significantly 

compromised. (van der Zwaag, 2007) 

Self-healing polymers  
A modern way of implementing self-sealing abilities in a polymer is to incorporate 

microencapsulated healing agents into it. At the University of Illinois, a material with inspiration 

from biological systems has been developed, able to autonomically heal itself when a crack occurs 

in it. Figure 3 illustrates the self-healing process. 

A structural epoxy matrix contains a micro encapsulated healing agent and a catalyst, embedded 

into it.  When a crack appears, rupturing the embedded microcapsules in its way, the healing agent 

inside the microcapsules leaks out and fills the crack. Polymerization is triggered when the 

healing agent comes in contact with the embedded catalyst, bonding the faces of the crack. (van 

der Zwaag, 2007) 

 

 

Figure 3. Self-healing process 

  

Figure 3, 1) A crack forms 

in the composite matrix.2) 

The crack ruptures the 

microcapsules, releasing the 

healing agent into the 

crack. 3) The healing agent 

comes in contact with the 

catalyst which triggers the 

polymerization that bonds 

the crack faces, and closes 

the crack, successfully 

healing it. 
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Self-healing polymer coatings 
The term “coating” generally implies any thin layer covering another material, the archetype 

being a layer of paint.  

As in the “self-healing polymers” section, microcapsules can be implemented into a coating. The 

microcapsules used are typically about 60-150 μm in diameter and contains a liquid film former. 

After the coating has been applied and cured, any damage made to the coating results in 

microcapsules bursting, filling and sealing the damaged area with the liquid film former. The 

down side to this method is the size of the microcapsules, forcing the coating to be relatively thick 

in order for the self-healing to work. 

Self-healing can also be achieved by the chemical function of “reversible covalent bonds”. The 

thermally reversible Diels-Alder reaction is based on this function and can be implemented into a 

coating. An example is a thermally remendable polymer material based on this. The material can, 

when heated to approximately 120 °C, heal multiple times and retain more than 60 % of its 

original strength. (van der Zwaag, 2007) 

Self-healing fibre reinforced polymer composites 
Leading contenders in component materials are High strength, lightweight, high stiffness fibre-

reinforced polymer composite materials, used for enormous transporters such as Boeing 787 and 

Airbus A380. Weaknesses of these materials are their inability to plastically deform, which leads 

to energy absorption via damage creation. The damage often occurs as intra-ply matrix cracks and 

inter-ply delamination, which can be difficult to visually detect.   

As in the previous examples, it is possible to implement reversible covalent bonds and 

microcapsules into the composite. However there is another possible healing technique able for a 

composite in the form of self-healing resin-filled hollow fibres. The fibres are made of glass and 

is used in preference to the embedded microcapsules because their ability to store functional 

agents for self-repair and their ability to act as a reinforcement in the composite. The fibre span 

between 30-100 μm in diameter with a hollow core of around 50 %. The healing agents differ due 

to manufacturer demands, but typically used are one-part resin systems, a two part resin and 

hardener system or a resin system with a catalyst hardener contained within the matrix material, 

similar to Figure 3. During a damage event, some of the implemented hollow fibres in the 

composite fracture releasing the healing agent from within the fractured hollow fibre, and into the 

damaged area created in the composite, thus preventing further damage propagation in the 

composite. The release of repair agent can be compared with the mechanism of bleeding in 

biological organisms. (van der Zwaag, 2007) 
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2.5 FUEL TANKS 

A fuel tank is a container housing fuel. Normally the fuel tank is found in different vehicles 

operating combustion engines. Its purpose is to feed the engine with fuel in order to keep the 

engine running. Fuel tanks are made in different materials such as metal, plastic or composites. 

The shape and volume of fuel tanks can vary in nearly any way to suit the vehicle’s needs. Fuel 

such as diesel, petrol and ethanol are commonly used. 

A fuel tank in general consist of a fuel cap in the top part of the tank, concealing a hole were fuel 

can be poured into the tank. The fuel cap is often equipped with a bleed valve levelling out the 

pressure created by the fuel expanding inside the tank due to temperature differences. Mounted on 

the inside of the fuel tank is a fuel pump whose purpose is to feed the engine with a continuous 

flow of fuel. The fuel is pumped and delivered to the engine through a hose, which usually 

connects to the bottom part of the fuel tank. Fuel tanks are often equipped with fuel reserve 

functions such as indicators which indicate when the fuel level is low, or a separate fuel tank 

which can be used if the main fuel tank is out of fuel. (FuelSafeCells, 2012) 

2.5.1 FUEL SLOSH AND EXPLOSIVE COMBUSTION 
Fuel slosh is a symptom which occurs when a moving container filled with a liquid suddenly 

comes to a halt. The fluid keeps on traveling inside the container in the direction the container was 

moving, making the liquid splash against the front wall of it. This affects the centre of gravity 

greatly, due to the fact that the liquid, when traveling at constant speed is at plain rest. When 

halting, all the liquid will move to one side of the fuel container, shifting the centre of gravity of 

the fuel container.  

The best circumstance for explosive combustion to occur is when a fuel container is not filled to 

its limits. For instance, a typical example in the combat vehicle business is, when a high velocity 

projectile penetrates a metal fuel tank, creating a spark, igniting the fumes inside the fuel 

container, making it explode. 

There are several applications on the market to prevent this. Two of them being; mesh balls, an 

aluminium mesh net rolled into a ball, and safety foam, a type of foam mounted inside of the fuel 

tank. These techniques only minimise the operating range of the vehicle by 0.1-0.5 % with mesh 

balls and 1-1.5 % with safety foam. (Texogatech, 2010) 

These techniques prevent both fuel slosh and explosive combustion. The fuel slosh is prevented 

due to the fact that the mesh balls or the safety foam absorbs the fuel to a limit where it can’t 

move around very much in the horizontal and vertical direction. These techniques also prevent the 

explosive combustion because of the minimization of free space needed for fuel fumes to ignite. 

The mesh design separates hot gaseous mixtures instantaneously into small volumes, which 

extinguish any flame or explosive process extremely fast by immediate caloric energy extraction. 

The foam works in the same way. (Texogatech, 2010) 
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2.5.2 FUEL CELLS IN RACING 
Different types of safe fuel tanks are used in racing sport to prevent fatal accidents when race cars 

crash, caused by tanks catching fire and exploding. In formula one, a bag tank is mounted into the 

monocoque body of the vehicle. The layers of material in the bag tank are a combination of 

Kevlar and rubber to make the bag tank flexible and strong. The Kevlar prevents sharp objects 

from penetrating the bag tank in case of a crash, maintaining the highly flammable fuel inside 

without leaking out. (MechanicalTV27, 2013) 

In rally cars, a fuel cell is mounted into the car. The fuel cell resembles the monocoque 

construction of the formula one car. A typical fuel cell for rally purposes is made up by a 

container, usually constructed of materials as steel, aluminium, carbon fibre or fibre glass. Inside 

the container a flexible bag tank is mounted. The bag tank is the container of the fuel and the outer 

metal container is the structure which protects and keeps the bag tank in place. Foam baffling is 

mounted into the bag tank in order to prevent fuel slosh, explosive combustion and to help the fuel 

bladder to hold its shape. (Fuelsafe, 2009) 

2.5.3 SELF-SEALING FUEL TANKS  
The self-sealing fuel tank had its big breakthrough in the aviation industry during World War II, 

but can be dated back to World War I. The purpose of the self-sealing fuel tank during these 

world wars where first and fore most aimed at the aviator industry. It was designed to prevent the 

fuel in the air planes from leaking out of the fuel-tank and ignite. When hit by enemy fire, a 

conventional fuel tank would leak fuel, reducing the aircrafts effective range and also increase the 

risk of a fire hazard. Another risk with a damaged fuel tank is that it can rupture and destroy the 

airframe of the aircraft, and in a worst case scenario, make the plane crash. The solution was not 

to add extra armour plates to the fuel tank because of weight limitations, so a method to stop fuel 

leaking out of the damaged tank would be the answer. 

Early self-sealing attempts implemented in fuel tanks consisted of using a material that could 

expand after being pierced. This material covered either the inside or the outside of the fuel tank. 

Research revealed that the exit hole rather than the entry hole of the projectile, was the greater 

problem, as the projectile tumbled, creating a larger exit hole.  

During the beginning of World War II, the development of effective self-sealing fuel-tanks in the 

aviation industry had a major up run. 

In 1941, Goodyear chemist James Merrill came up with a patented method using a two-layer 

system of rubber compounds encased in a metal outer shell. In 1942, the self-sealing Goodyear 

fuel tanks were placed in service in Goodyear produced Corsair fighters and other aircrafts. 

(Merrill J. , 1947) 

The same year, the British company Fireproof Tanks Ltd. developed the first flexible fuel 

bladders for the Mk-IX Spitfire, as range extender tanks. These bladders were ductile, made out of 

a laminated self-sealing material similar to vulcanized rubber, with as few seams as possible to 

minimize leak paths. Aircrafts that were fitted with self-sealing fuel tanks had a better chance to 

return back to base because of the capability to take more punishment, than those without. The 

downside of having a self-sealing fuel tank installed was the extra weight added, and the reduced 

fuel capacity compared to a non-sealed tank. Because of that, not all of the fighters were fitted 

with the self-sealing fuel tanks. (Merrill J. , 1947)  
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2.5.4 Different technical solutions 
Through the years, a lot of patents have been made in the field of self-sealing fuel tanks. These are 

designed primary for the aviation industry where the aim of the patents is to seal fuel tanks which 

have been punctured by enemy projectiles. The patents cover numerous solutions and different 

material combinations. Table 3 represents different patents from different years. They are similar 

in function but they differ in structure.  For instance, in the early patents natural materials such as 

cattle hide and crude rubber were used. In the later patents, more modern materials were 

implemented into the self-sealing patents such as polyurethane elastomers and different sealants. 

One thing in common for all patents stated in Table 3, except for patent US4728711A, is that they 

use multiple layer construction to fulfil self-sealing ability, and that the structure created by the 

layers of many patents are self-supportive. The combination of different materials is called 

composite. The idea of a composite making up the entire structure of the fuel tank has been used 

in the upcoming chapter Concept development, where a futuristic concept with a self-sealing 

composite has been used.   

The patents are stated in chronological order in Table 3. The configurations of the different 

patents mentioned are the basic configuration state for each patent. The order of the materials in 

the description of the layers starts with the inner layer of the container and continuous outwards. 

Original pictures of the patents can be found in Appendix B.  

A conclusion of the material combination is that with the right combination of materials, the 

structure can be made stiff enough, not needing any support of an outer metal structure such as a 

fuel tank casing, resulting in a self-supporting fuel casing which self-seals when perforated.  

. 
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Name Fuel tank casing self-sealing fuel 

tank

Self-sealing fuel 

tank

Self-sealing fuel 

tank

Self-sealing fuel

 cell wall

Self-sealing 

composite

Swellable coating

compositions

Year, Patent 1941-US 2424701 A 1945-US 2391477 1947-US 2425514 1966-US3563846 A 1966-US3509016 A 1972-US3698587 1986-US 4728711 A

Number of 

layers 5 6 5 5 5 5 1

Materials Layer1-Plioform

Layer2-Rubber

Layer3-Plioform

Layer4-Rubber

Layer5-Plioform

Layer1-Fabric 

impregnated with 

butadiene polymer

Layer 2-Chrome-

tanned cattle hide

Layer3-Crude 

rubber

Layer4-Sponge 

rubber

Layer5-Crude 

rubber

Layer6-Chrome-

tanned cattle hide

Layer1-Gasoline

 resistant flexible 

lining

Layer2-Cloth 

reinforcement

Layer3-Sealing

layer

Layer4-Tough 

skin

Layer5-Rigid 

support

Layer1-Metal or 

plastic wall

Layer2-Fuel 

resistant sponge

Layer3-Adherent 

solution

Layer4-Elastomer 

sealant

Layer5-Nylon, glass 

or Spraycoated 

elastomer

Layer1-Metal

Layer2-Polyurethane

Layer3-Sealant

Layer4-Fabric

Layer5-Polyurethane

Layer1-Metal

Layer2-Foamed 

material

Layer3-non-

foamed 

polyurethane 

elastomer

Layer4-Sealant

Layer5-non-

foamed 

polyurethane 

elastomer

Layer1-Fuel tank

Layer2-Spray applied 

fuel bladder 

Application Shell of composite

material

Flexible composite 

container able to 

be placed inside 

existing tank

Flexible 

composite 

container able to 

be placed inside 

airplane tank

A composite 

applicable to a tank 

with metal or rigid 

plastic body 

Shell of composite

 materials applied to 

the outside of a tank

Shell of composite

materials applied 

to the outside of a 

tank

A spray-applied self

 sealing coating on 

the in- or the outside 

of a fuel tank

Function The liner seals the 

bullet hole and the 

composite wall 

returns to its original 

shape

The construction 

is non metallic, 

able to carry the 

weight of the fuel 

and prevent 

tearing of the 

rubber, returns to 

original shape

The total 

thickness 

of the composite 

tank structure 

must approximate 

the diameter of 

the penetrating 

projectile

The Fuel resistant

 sponge has a tear 

value of 100 

cells/inch, it splits 

when penetraded by 

a projectile, leaving 

one part of the 

sponge intact and 

the other part split 

open into the tank

The polyurethane has 

sufficient resiliency to 

stretch and contract 

to its original position 

and seal the opening 

made by a projectile

The foam allows 

the sealant layer to 

expand and close 

the hole made by 

the projectile

A coating 

composition

produced by reacting 

an organic 

isocyanate with an 

active hydrogen 

containing organic 

material at an 

isocyanate group, 

capable of swelling at 

least 300%

Table 3. Patents 
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2.5.5 Existing commercial solutions 
 There are several different companies on the market with self-sealing techniques able to be fitted 

into fuel tanks. Relevant companies for this project can be seen in Table 4. A description of which 

self-sealing technique used and its specifications for each company can be seen in Appendix C. 

Table 4. Existing commercial solutions 

Companies in Europe Companies in the USA 

GKN HIT-USA 

Meggitt Arm-USA 

Atlinc Rodguard 

Army-technology Sealathane 

Hutchinsoninc Bulldogdirect 

Zodiac aerospace  

Some of the companies use self-sealing bladders and bag tanks to achieve self-sealing function. 

Other companies use coating for this purpose. Most of the companies provide some sort of 

explosion preventative in the form of safety foam or mesh-balls. The market which the companies 

aim toward differs, depending on the company. Some of the company’s focus on civil protection 

in civil vehicles and other companies focus on combat vehicles and armed forces. There are also 

two separate companies providing explosion safe solutions for the fuel tank in form of mesh-balls. 

The companies are Texogatech and Explosafe, see Appendix D.  



 

20 

 

  



 

21 

 

3 Method and implementation 
The general process chosen for this project can be compared with a ”research and development” 

project, also called R&D. The main difference is that this project is a pre-study, so instead of 

“research and development”, the projects two parts will be divided into a knowledge part and a 

Result part. The method is based on the systematic design method Problem-driven forecasting.

The knowledge part 

Phase one of the knowledge part consist of the first step which is to create a project plan to which 

the project can rely.  

Phase two of the project is to create an understanding of the problem and the demands of the 

project. 

Phase three of the project focus on a comprehensive research around the subject self-sealing 

materials, how self-sealing materials has worked through history, and how they work today. A 

market analysis is conducted, focusing on suitable companies with self-sealing techniques and 

how these are applied and functions.  

The last step in the knowledge part is to perform an evaluation, stating which of the companies is 

most suitable for concept development.  

The result part 
Phase one of the result part focuses on generating ideas for the concepts. The concept 

development phase focus on adapting the self-sealing techniques to the fuel tank of the CV90. The 

knowledge gained during the knowledge part of the project will be put in use during this phase in 

order to deliver the best possible solutions. In phase two, the generated ideas will be evaluated. 

There will be two types of concepts. The first type of concepts will be adapted to the existing fuel 

tank of the CV90, being the ones which can be applied due to customer demands. The second type 

of concepts focus on futuristic aspects, having little boundaries in terms of demands and uses the 

“think outside the box” term as its main motto. These futuristic concepts aim to provide ideas and 

different aspects for future models of the CV90. These concepts will be presented as the final 

result of this master thesis. 

3.1 PROJECT PLANNING 

The first phase in the project was to create a coarse time plan (project plan) in order to give an 

overview of deadlines and phases in the project. The purpose of the project plan was to clarify 

how much time each phase in the project would take, what the project scope and delimitations are 

and state difficulties with the assignment. For the planning not to be too detailed, a week was the 

smallest component of the project plan. The project plan was iterated between the industrial and 

academic advisor and is visualized in a Gantt-chart, see Appendix A. 
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3.2 PROBLEM UNDERSTANDING 

The second phase in the project consisted of understanding the task at hand. This phase was 

performed parallel to the project planning phase. Needs analysis, project scope, situation analysis, 

and requirement specification were stated during this phase. 

The needs analysis was stated in order to clarify what issues the company has today. The purpose 

of the needs analysis was to give the project a direction and to ensure that the solutions would be 

focused on, not neglecting any possible needs as mentioned in Ulrich & Eppinger (2011). When 

the needs analysis was stated, the requirement specification could be made. 

The project scope was stated in an early phase of the project with the help of the industrial 

advisor. The project scope described what and what not the project should include. The purpose of 

the project scope was to verify were the focus should lay and narrow the area for the project 

down.  

The focus of the situation analysis phase was to investigate how the situation in the company was 

at the time the thesis was carried out, in terms of the design of the existing fuel tank on the CV90, 

what the protection levels are, how the fuel system works and if the company has made any effort 

to use any kind of self-sealing techniques so far. The investigation was made with the help of 

CAD-models of the fuel tank, real life inspection at the assembly line, charts of the fuel system 

and discussions with employees at the department of System Engineering and the Vehicle Body 

department. 

A requirement specification, with the needs analysis in mind, was made in order to specify what 

the requirements for the project were. The only need and indirect requirement stated before the 

project started was “self-sealing if perforated”. A group of employees with the knowledge of the 

fuel tank and protection levels where gathered to analyse the needs stated. A detailed requirement 

specification could then be stated with the help of these employees.  

3.3 RESEARCH 

The research phase was a major part of the project. It is fair to say that the research has been an 

ongoing phase trough out the whole project. Steps during the research process were market 

analysis, literature review and patent analysis. 

3.3.1 Market analysis 
The purpose of the market analysis was to find suitable companies providing relevant self-sealing 

techniques. The market analysis were carried out by, first of all, finding relevant companies 

providing self-sealing techniques, searching the web with relevant search terms. Second of all, a 

comparison, with the use of benchmarking between self-sealing techniques of the different 

companies compared to the requirement specification, were carried out and then stated in a table, 

see Appendix C. The companies were suitable for the project if they fulfilled the major 

requirements; “retrofitted in/on the fuel tank of the CV90”, “The self-sealing fuel-tank must be 

able to fulfil the specifications of at least STANAG 4569 level IV of the NATO Standardization 

Agreement.” or if they had a solution which no other company where able to supply. The 

companies which had the most promising and fulfilling self-sealing techniques where stated at the 

top of the table. The companies were also divided into categories which stated if they were 

located in Europe or in the USA. This categorization was made due to policies found in the USA 

regarding the regulations of export control, ITAR and EAR, making it difficult to cooperate and 

import self-sealing techniques from companies located in the USA.  

In order to compare the different companies to see which company would be best suited for BAE, 

benchmarking was used. 
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3.3.2 Benchmarking  
Benchmarking is a tool used for comparison. The purpose is to get knowledge and then turn it into 

effective improvements for the task at hand. Benchmarking can be conducted in a variety of 

different forms. In this project the benchmarking method is mostly used in tables, comparing 

different patents, companies and self-sealing applications. One benchmarking method used was 

pairwise comparison. 

The purpose of the pairwise comparison method in this project was to give the viewer a 

perception of which of the different companies self-sealing applications compared to each other 

was the most preferred, based on a number of criteria. Companies were compared in pairs to judge 

which of each entity were preferred, or had a greater amount of some quantitative property. In the 

comparison, a value is rewarded being 0, if the company can’t compete with the other company, 

0.5, if the two companies compared are equal and 1, if only the first company fulfils the 

requirement better than the second. (Johannesson, Persson, & Pettersson, 2004) 

In order to know which of these companies to proceed with, an evaluation was carried out. The 

pair wise comparison method stated the best possible matches, comparing the best rated 

companies to the requirement specification. 

The list comparing companies, see Appendix C, was ranked with the best suited companies in top.  

The evaluation was highly dependent on the decision made by the department of Sub System 

Procurement, in the question of which companies was best suited for BAE policies and ITAR 

regulations. The list with the companies where therefore sent to the department of Sub System 

Procurement, who gave the verdict on which of the companies to proceed with. 

3.3.3 Literature review 
The information gained by the literature review was the base for the knowledge in this project and 

is presented trough out the whole report. 

The literature review was based on information retrieval, literature search, patent search and 

knowledge from the company.  

The information retrieval was an ongoing phase during the whole project. The purpose of the 

information retrieval was to build an understanding in the field of threats, defences, combat 

vehicles, protection levels and self-sealing materials. It was conducted by using the search motor 

google on the web. Following phrases has been used in order to find the relevant information 

needed: 

Self-sealing, self-sealing fuel tank, self-sealing ability, self-sealing cell, self-healing, fuel cell, fuel 

tank, cv90, STANAG, STANAG 4569, ammunition, NATO, ITAR, EAR, combat vehicle, racing fuel 

tank, f1 fuel tank, formula one fuel tank, army, military, military defence, different bullet types, 

bullet, ammunition types, types of bullets, bullet abbreviations 

The aim of the literature search was to find information regarding methods and processes in 

academic papers, books and course literature. For this, the Google Scholar application has been 

used. Relevant search terms used was: 

Self-sealing, self-sealing fuel tank, self-sealing ability, fuel tank  

To find reliable information during the patent search, creating table 3, Google Scholar was used. 

The search terms used was: 

self-sealing, self-healing, self-sealing patent, self-sealing aviation, self-sealing composite 
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Knowledge from the company meant interacting with colleagues and employees at BAE. There are 

years of expertise knowledge to be gained by asking employees. Therefore, asking the right 

people the right questions has been a main factor in this project. For example, knowledge 

regarding classified information such as specifications of the fuel tank in the CV90 was obtained 

by asking relevant questions to the industrial advisor and other people at the department, suited to 

answer. The industrial advisor of this project at BAE has provided guidance in which specific 

person to ask, when specific questions has been raised.  

Different departments which has been relevant for this project was the departments of Vehicle 

Body, Sub System Procurement and System Engineering. 

3.3.4 Patent analysis 
The patent analysis was conducted by searching for relevant self-sealing patents on the web with 

the help of Google scholar. The principles of the self-sealing patents were then compiled and put 

in a table for better overview, where clarification regarding the number of layers used for the self-

sealing technique, the materials used, the application of the self-sealing technique and the 

function, were stated, see Table 3. The purpose of the patent analysis was to gain knowledge and 

create an overview of what kind of self-sealing techniques there has been through history, and 

what kind of structure they have.   

3.4 CONCEPT DEVELOPMENT 

The concept development phase was the last phase in the project and consisted of idea 

development, contacting companies and concepts. With the knowledge gained from the research 

phase, the idea development was conducted. Due to shortage of time, one company was contacted 

during the contacting companies’ part. In the last part of the concept development phase, final 

concepts were made. 

3.4.1 Idea development 
In order to generate good ideas for the implementation of self-sealing techniques, three different 

methods were used. The morphologic matrix was used in order to see what different possibilities 

and combinations there was for the self-sealing techniques. The brainstorming method was the 

biggest contribute for the concepts, where input and ideas were gained from the participants in the 

brainstorming session. Due to the fact that the project was a pre-study, the sketching method was 

used to visualize the concepts in the right way design wise.  

Brainstorming 
The brainstorming technique is a great tool used for generating ideas with the help of other 

people. In the brainstorming session conducted in this project, participants with different 

backgrounds and knowledge where gathered. The task was then explained for the participants.  

Before the brainstorming started, an exercise to enhance the creativity of the participants was 

conducted. The participants are told to imagine they have 10 tons of red balloons, but they can’t 

be used for the purpose of parties and carnivals. The participants are asked to come up with 

alternative ideas for the use of the balloons. 

After the creativity exercise, the brainstorming started. Two topics for the brainstorming session 

in this project were used. The first topic was to find as many solutions possible on how to place 

the two different self-sealing techniques, self-sealing fuel bladder and coating from the evaluation 

phase, into the existing fuel tank of the CV90. The second topic didn´t have the restrictions of the 

existing fuel tank. The participants were able to think freely and modify the CV90 as they wanted, 

only keeping in mind to implement self-sealing techniques into the CV90. The ideas were 

generated by sketching and writing them down on paper. These ideas were then compiled and 

transcribed for further development. (Johannesson, Persson, & Pettersson, 2004) 
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Morphologic matrix 
The morphologic matrix is a tool used to generate concept ideas and idea combinations. It 

provides a structured way of generating different possibilities, including unique and unusual 

combinations. The generated possibilities give the designer the option to choose the best suited 

combination for the task. (Johannesson, Persson, & Pettersson, 2004) 

Sketching 
The sketching method was used to visualize concepts during the concept development phase. It 

was chosen because it leaves a lot for the mind to figure out style wise, not specifically stating the 

appearance of the concept, which would have been the case with a concept made in a CAD-

program. 

First off, simple sketches were created to give the viewer an idea of the different concept 

possibilities. These sketches and the ideas from the sketches generated during the brainstorming 

session were then combined to generate new ideas. These new ideas were sketched more carefully 

to give the viewer a better understanding of the concepts.  

The final concept sketches were visualized in a cut section and a perspective view. Appropriate 

perspective techniques were used to create the lines of the sketch correctly. Shapes and shadows 

were created using markers and reservoir pens. 

3.4.2 Contacting companies 
When the three different companies had been chosen by the department of Sub System 

Procurement in the end of the market analysis phase, contacting and arranging meetings with the 

companies were a possibility. The purposes of meetings were to gain deeper knowledge and 

understanding of the company’s products and if they might be a suitable provider for the self-

sealing technique. Due to lack of time, only one company was contacted but it was the most 

promising of the three presented. A meeting was arranged with the company and deeper 

understanding of their product was obtained. 

3.4.3 Concepts 
The different concept ideas were compiled and stated in morphologic matrixes, see Appendix G. 

Concepts, using the bag tank technique and the coating technique, were created by choosing 

combinations from the morphologic matrixes most suited to the requirement specification and the 

needs analysis. In order to give the viewer a sense of how self-sealing techniques could be applied 

in future CV90s, futuristic concepts were created with little delimitations of the shape of the fuel 

tank. All of the final concepts presented were created with the sketching method. 
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4 Problem specification  
Problem specification gives the viewer an understanding of the aim and process of the project. 

Presented in this chapter are the results regarding Needs analysis, Situation analysis and 

Requirement specification. These are necessary in order to understand and lay ground for chapter 

5. 

4.1 NEEDS ANALYSIS 

The Needs analysis was stated in an early stage in the project in order to know exactly what the 

task demanded. In this master thesis, the given need from BAE, “self-sealing if perforated”, 

evolved into three needs by discussing the first need with industrial advisor and key employees in 

the matter. After the discussion the decision regarding which needs should be stated was stated. 

The needs can be seen in Table 5.  

Table 5. Needs analysis 

Nr. Needs analysis  

1. BAE want self-sealing ability in their fuel tank for the CV90 due to customer demands. 

2. 
The technique should be provided by a company suited for BAE Systems policies and 

standards. 

3. The self-sealing technique should be easy to apply to the existing fuel tank. 

A need for the fuel tank to be self-sealing has increased in later years due to customer demands. 

Therefore a need to implement a self-sealing technique into the fuel tank of the CV90 is highly 

coveted for BAE in order to be market-leading. Primarily BAE want the self-sealing technique to 

be provided by an external company with relevant techniques suited for the project. The provided 

technique should be easy to retrofit into the existing layout of the fuel tank compartment of the 

CV90, making it easy to provide earlier and today’s customers of the CV90 with self-sealing fuel 

tanks. 

With the needs stated, the requirement specification can be constructed. The requirements are 

presented in Table 6. 

4.2 SITUATION ANALYSIS 

Up to this day, self-sealing capabilities have only been implemented into the vehicle BVS10 at 

BAE. The fuel tank of the BVS10 is rotation moulded and in the casting of the fuel tank, self-

sealing properties have been implemented. There have been experiments made with safety foam 

in the fuel tank of the BVS10 but so far, only with negative result because of the foam breaking 

into small pieces, clogging the fuel system. No known experiments with self-sealing techniques 

implemented into the fuel tank of the CV90 have been found. 
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The fuel tank of the CV90 is located on the left-hand side of the vehicle above the left track, see 

Figure 4. Fuel tank placement CV90 

 

 

Figure 4. Fuel tank placement CV90 

The fuel tank in the CV90 has a very functional and simple engineering approach. The fuel tank is 

illustrated in Figure 5. The fuel tank consists of three different sections, containing diesel-fuel, 

located inside the left part of the sponson. 

 

Figure 5. CV90 Fuel tank 

 

These three sections can be accessed through three independent hatches on the top of the fuel 

tank. The section in the back of the fuel tank consists of the main fuel-pump, the reserve fuel tank 

and the filler cap covering the filler hole (not seen in the picture but placed on top of the fuel tank 

above the reserve fuel tank). The fuel capacity is 940 litres including the reserve fuel tank with a 

capacity of 35 litres. The reserve gets filled by inserting fuel into the fuel tank through the filler 

hole. 
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The fuel then fills the reserve container and when it is full the fuel teem over the edges of the 

reserve, filling the rest of the fuel tank. The fuel is pumped from the main fuel tank into a catch 

tank located in front of the driver, providing the engine with fuel at all time. A spill system is 

implemented into the main fuel tank, spilling fuel into the catch tank without the use of a fuel 

pump. By using the simple principle of mounting the catch tank lower than the main fuel tank, the 

gravity pulls the fuel from the main fuel tank into the catch tank trough a hose with a check valve 

mounted in it, preventing the fuel from flowing back through the hose. 

An application named Deto-Stop, see appendix D, made to prevent explosions inside a fuel tank 

has been implemented into the main fuel tank of the CV90. The Deto-Stop solution has a mesh-

type system, in the shape of small mesh balls. These are packed into the fuel tank in order to 

prevent explosive diesel combustion. They only reduce the volume of the fuel tank by 3 % and 

keep the fuel slosh level at a minimum. They can also, to some extent in theory, plug holes in the 

fuel tank due to the amount of mesh balls put into the fuel tank. The engine is adapted for fuel, 

standardized by NATO. 

 The hull of the fuel tank is the base armour of the CV90. Armour can be bolted to the hull, and 

depending on the customer needs, the armour can vary. The standard level of armour varies from 

STANAG 4569 level III, to STANAG 4569 level V. 

4.3 REQUIREMENT SPECIFICATION 

The requirements specification must be stated in a stage before the concept development phase. In 

order to know what the requirements for the solution will be, the needs and the project scope must 

be clear for the project. The requirements specification is a summary of several separate demands, 

based on the needs from the needs analysis. 

In this project, the requirements specification where discussed several times with the industrial 

advisor and employees with knowledge of the fuel tank and the armour capabilities of the CV90. 

The requirements of this project are stated in Table 6. 

Table 6. Requirement specification 

Nr. Requirement specification 

1. The self-sealing technique must be retrofitted in/on the fuel tank of the CV90. 

2. 
The self-sealing fuel-tank must be able to fulfil the specifications of at least STANAG 4569 

level IV of the NATO Standardization Agreement.  

3. 

The self-sealing fuel-tank must be able to perform in a variety of temperatures spanning 

from winter cold temperatures at -46 degrees Celsius up to desert heat at 49 degrees 

Celsius. 

4. 
 The self-sealing technique must be able to handle storage temperatures of 70 degrees 

Celsius. 

5. 
The life expectancy of the self-sealing material must be thirty years or more, if not, the self-

sealing must be easy to replace. 

6. 
The self-sealing fuel-tank must either have mesh-balls or safety foam mounted inside it to 

prevent explosive combustion and the fuel from sloshing. 

7. 
The techniques were self-sealing material is placed inside the fuel tank must be able to 

handle the plausible abrasion made of the mesh-balls or safety foam placed inside. 
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5 Research 
The research phase is a major phase in the project. Part from the results shown below, the 

theoretical framework chapter is the biggest contribution from the research phase. This chapter 

give the viewer an understanding of the importance the research phase have in this project, its 

connection with the theoretical framework chapter and why the research is needed to continue 

with the concept development phase. The theory in chapter two was stated during the research 

process and is the foundation for the whole project and the research results. Benchmarking has 

been used to analyse the results regarding market analysis and pairwise comparison. 

5.1 BENCHMARKING 

Benchmarking has been used in different purposes during the project. The main purpose of the 

method has been to compare and evaluate information. For the results, the benchmarking method 

has been used for market analysis and pairwise comparison. The Pairwise comparison method was 

used to compare the different companies from the market analysis, Table 7, in pairs to certain 

criteria. 

 

5.1.1 MARKET ANALYSIS 
The information about the different companies and their specifications can be found in appendix 

C. 

With respect to the requirements specification, the companies which did not fulfil the demands 

were sorted out. Companies with suitable self-sealing techniques for this project can be seen in 

Table 7.  

Table 7. Suitable companies 

Companies in Europe Companies in the USA 

GKN HIT-USA 

Meggitt Arm-USA 

Army-technology Rodgard 

Hutchinsoninc Sealathane 
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The self-sealing techniques of these companies are applied to a cross-section view of the fuel tank 

in the CV90 and are made visual in Figure 6. 

 

Figure 6. Market analysis 

GKN and Meggitt use bag tanks for their self-sealing application. GKN also use safety foam 

inside their bag tank application to prevent explosive combustion and fuel slosh. Sealathane uses a 

coating application on the inside of the fuel tank to accomplish self-sealing ability. Army-

technology, Hutchinsoninc, HIT-USA, Arm-USA and Rodguard use coating applications applied 

to the outside of the fuel tank to accomplish self-seal, and explosion safe techniques installed 

inside of the fuel tank. 
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Companies providing explosion safe techniques 
There are two relevant techniques for providing explosion safe fuel tanks in this project, these 

being the application of safety foam and mesh-balls. Other than the companies providing 

explosion safe solutions in Figure 6 Market analysis, there are two major providers of mesh-balls 

on the market, these being Texogatech and Explosafe, see Appendix D. Texogatech manufactures 

their mesh-ball product called Deto-Stop, and is the current provider of mesh-balls for BAEs 

CV90. Explosafe manufactures a nearly identical mesh-ball product, giving the same results. A 

mesh-ball application inside a fuel-tank can be seen in Figure 7. 

 

Figure 7. Mesh-ball application 

5.1.2 Pair wise comparison method 
The company scoring the highest points, see Table 8, in the pairwise comparison was GKN with 

their bag tank application, followed by Meggitt and Army-tech. When comparing the results of 

the companies providing self-sealing coating applications, ARM-USA and HIT-USA are the ones 

scoring the highest. The pairwise comparison tables with criteria, comparing the different 

companies can be found in Appendix E.  

The companies providing self-sealing techniques are very secretive, not revealing much 

information on their homepages on the web. The information used in this test was based on the 

information found on the homepages, and for some of the companies, the information was poor, 

which might give a misguiding result of the companies self-sealing application.  
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When the list of companies, seen in Appendix C, were presented for the department of Sub 

System Procurement, without sharing the results from the pairwise comparison, they picked the 

companies seen in Figure 8as the main companies to use in the project. 

 

Figure 8. From the left; GKN, Meggitt and HIT-USA 

These companies were mainly picked because of earlier experiences with some of them but also 

with respect for ITAR and the promise of high self-sealing capabilities. Their choice confirms the 

results in the pairwise comparison; see Table 8, making these three the main contenders for the 

self-sealing task at hand. 

Table 8. Results pairwise comparison 

Company Total 

GKN 24,5 

Meggitt 22 

Army-tech 20,5 

Hutchinsoninc 16,5 

HIT-USA 13 

ARM-USA 13,5 

Rodgard 9,5 

Sealathane 5 



 

35 

 

6 Concept development 
The concept development phase is largely based on the results of the research phase the needs 

analysis and the requirement specification. The implementation of self-sealing techniques is 

delimited to the shape of the existing fuel tank, so the main purpose is to implement the different 

self-sealing techniques in different creative and strategic ways by positioning them and 

connecting them to the fuel tank. A further understanding of the fuel tank and its fuel system was 

gained by studying them in a CAD-model.  

In order to develop creative concept ideas, the morphologic matrix and the brainstorming method 

was used.  A meeting with the company GKN who provides self-sealing bladders was conducted, 

making the continuation of this project able for BAE. The meeting also improved the knowledge 

and the understanding of their self-sealing technique. Last in this chapter is the concept section. 

Different concept ideas are presented as the final concept results.  

6.1 BRAINSTORMING 

Nine people participated in the brainstorming session. Four of them were BAE employees, three 

of them were master thesis graduates and two of them were consultants.  

To get the participants moods up, they were served coffee and cake before the session started. The 

thesis work was explained in short and what it would lead to. The next step performed was the 

creativity exercise with the ten tons of red balloons. Every participant had to name at least one 

solution to the alternative use of the balloons. When the creativity was flowing, the brainstorming 

session started by introducing the participants to the self-sealing fuel bladder and the self-sealing 

coating. The participants then had fifteen minutes of brainstorming for each subject. When the 

thirty minutes of brainstorming were done, the participants were told to explain their 2 most 

promising applications, without anyone criticizing them. 

Everyone were then given more coffee and cake, and introduced to the second task of the session. 

The second task was to think outside of the box, without limiting the self-sealing techniques to the 

existing shape of the fuel tank. Everyone was told to strive towards the motto “the most insane 

idea wins”, in order to not lock the participators minds to the existing fuel tank and its limits. The 

participants were given fifteen minutes for this task. 

When the fifteen minutes were over, the participants were told to explain their two craziest ideas, 

without anyone criticizing them.  

When the brainstorming session was done, the participants where thanked for their participation 

and help. The material from the session were then compiled and analysed by writing down every 

idea into a morphologic matrix, making it easier to overview the ideas. 

6.2 MORPHOLOGIC MATRIX 

To get an idea of what the best self-sealing application could look like in the CV90, two 

morphologic matrixes were constructed with the delimitations “self-seal when perforated” and 

“retrofit application in/on fuel tank”, see Appendix F. These delimitations were chosen because of 

their main importance in the project, controlling the functions of the application. The parameters 

in these matrixes are based on some of the requirement specifications, Table 9. With the 

parameters stated, possible answers to these are stated under the column “Possible solutions”, 

giving the viewer an idea of what qualities the application could have.  

When the brainstorming session was done, the material gathered from it was stated in three 

different morphologic matrixes. The matrixes were sorted with regard to function, two being Fuel 

bladder and Coating, applicable to the present time fuel tank of the CV90. The third matrix, 
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Future ideas, presents possible ideas for the fuel tank in the future, with no specific requirements 

tended to. Two concept ideas each, for the Fuel bladder and coating, were stated in the first and 

second matrix with regard to the requirement specification and the needs analysis. These can be 

found in Appendix G, where the arrows combine the different solutions stated for each parameter 

into concept ideas. Because of the many solutions found during the brainstorming session for 

future concepts, three different ideas were generated with regard to the solutions stated in the 

matrix. The ideas were then visualized and presented in the Concepts section to come. 

6.3 CONTACTING COMPANIES 

If there was enough time left in the project at the end, a contact with the three companies chosen 

would be established. The purpose of doing this was to evolve the project as much as possible, 

giving BAE a direction to proceed in after the master thesis was done. Another aspect was to gain 

deeper knowledge of the self-sealing techniques used by the companies. 

Due to time limitations, only one company being GKN was contacted. This company did though, 

score the highest in the pairwise comparison, and by companies constructing bag tanks, GKN was 

the company with the best selection of choices, offering both safety foam, bag tanks and rotation 

moulded containers. Of the three choices given and only one company to choose, GKN was the 

obvious choice. A sales person from GKN was invited to BAE were a meeting and a presentation 

of GKN and their self-sealing technique was held. The following text is a summary made of the 

information gained from the meeting. 

GKN 
GKNs work in the self-sealing business started in the aviator industry, but has now progressed 

into the land vehicle department, much like many other of the companies back in the day. 

A meeting with a representative from GKN where established in order to get detailed information 

about the applications they provide. The first and most important question was asked about how 

their self-sealing technique works.  

The representative answered by introducing their two types of self-sealing techniques which are 

available on the market. The first technique is a rotation moulded rigid shell which replaces the 

original fuel tank, in other words, it can’t be retrofitted with ease into an existing fuel tank. GKN 

is the provider of this technique for the BAE made BVS10. The other self-sealing technique 

which GKN provides is a flexible fuel bladder which can be designed to fit customer needs. The 

self-sealing flexible fuel bladder can be described as a composite, were self-sealing foam is put in 

between two layers of rubber, making up the shell of the bladder. When the projectile passes 

through the fuel bladder, the foam inside the wall of the fuel bladder chemically swells when in 

contact with the fuel seeping out of the hole, successfully sealing the hole, much like the patent 

(US 2425514) and (US3698587) seen in Table 3.   

The fuel bladder acts like a balloon. When filling the fuel bladder with more than the required fuel 

amount, the bladder will expand and eventually explode by the overpressure the fuel makes. The 

fuel bladder need some kind of  outer structure such as the walls of a fuel tank to hold it in place, 

otherwise, it will deform and move around. When the system is exposed to under-pressure the fuel 

bladder will retract, just as emptying air out of a filled balloon. The safety foam inside of the fuel 

bladder prevents this from happening. The self-sealing bladder has a life-expectancy of fifteen 

years. The life expectancy of the safety foam is hard to determine due to the condition of use and 

maintenance profile.  

The temperature interval in which the self-sealing bladder works is in the region of minus forties 

up to plus fifties, and is compliant with MIL27422 specification and all aerospace requirements.  
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The ability to seal up to 20 mm is made due to changing the thickness of the composite and the 

amount of sealing foam used in the layers. This makes it easy to adjust the material depending on 

the customer demands, making excessive use of a thicker material unnecessary. The fuel bladder 

is also bio-diesel friendly. 

Connectors in the form of fuel hoses and attachments to the fuel tank can be mounted as the 

customer wants. A flange type of construction bolted to the fuel bladder is used for the purpose. 

The fuel bladders can also be connected to each other making it easy to mount separate fuel 

bladders into narrow spaces, such as the ones inside of the fuel tank of the CV90. Safety foam is 

hand mounted inside of the fuel bladder. The foam comes in the shape of bricks which can be 

stacked on top of each other, filling the compartment inside of the fuel tank. This makes 

installation time consuming and non-ergonomic, due to the fact that the compartments where the 

installer can reach through to get into the fuel tank on the cv90 are narrow.  

6.4 CONCEPTS  

This section of the report rounds up the project by presenting a total of six different concept 

configurations applied to the fuel tank of the CV90. The concepts are the visual result of this pre-

study and are partly carried out to give the viewer a better understanding of the numerous 

possibilities, in which a self-sealing application can be applied to a fuel tank. The main reason for 

the concepts is to visualize for the viewer, the most promising self-sealing applications from the 

three companies presented in Figure 6, configured for the fuel tank of the CV90. The different 

concept ideas put together for Fuel bladder, Coating and Future concepts can be found in 

Appendix G. 

The concepts regarding fuel bladder and coating are the concepts created with the requirement 

specification and needs analysis as a base. The first two concepts are created with a fuel bladder 

application, as provided by GKN and Meggitt, focusing on keeping the function as simple and 

effective as possible, being able to mount the configuration right into the existing fuel tank 

without modifying it. The two other concepts focus on the coating application, as provided by 

HIT-USA, and the best way to get self-seal with this kind of technique applied to the fuel tank.    

The two future concepts presented last in the concept section are created to show the viewer the 

possibilities to apply a self-sealing application if the requirements stated in the beginning of the 

project did not exist. The main focus for these concepts is the possibility to reshape the fuel tank 

and to be able to implement these concepts in a near future model of the CV90. By stating that the 

concepts should be inserted into near future models of the CV90, the statement effectively 

removes the wildest ideas from the table in order to get realistic results. 

Figure 5 creates an understanding of the existing fuel tank and the placement of its fuel system 

including fuel lines, fuel pump fuel level sensor and reserve tank. The concepts have been 

simplified in order to better show the applied self-sealing application in the tight compartment of 

the fuel tank and will therefore not visually show the fuel components stated above, in the 

concepts. 
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Fuel bladder, Concept 1 
The first concept with fuel bladder technique can simply be described as a bathtub, see Figure 9. 

The idea of this concept is easy installation in the fuel tank due to the fact that it is only using half 

of the space of the rear section, and cost effectiveness due to its size. 

 

 

Figure 9. Fuel bladder concept 1 

It can be applied to the existing fuel tank without modifying the fuel tanks shape, or changing the 

way the filling of the fuel tank works with the function of teeming the edges of the reserve. The 

self-sealing bladder replaces the existing reserve tank, increasing the capacity of the reserve, 

which means increasing the distance of the CV90 traveling on the reserve. Safety foam or mesh-

balls can still be applied into the fuel tank preventing explosive combustion and fuel slosh. 

However,  need  number two only gets fulfilled if the fuel tank gets penetrated right at the reserve 

so in other words, concept one doesn’t completely fulfil the needs stated because of the self-

sealing capability only being limited to half of a section in the fuel tank. 
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Fuel bladder, Concept 2 
Concept two is the most comprehensive alternative between the self-sealing bladders, fulfilling all 

the requirements and needs, see Figure 10. It is somewhat more complex compared to concept 

one, being more time-consuming to install. 

 

 

Figure 10. Fuel bladder concept 2 

The fuel bladders are compressed and squeezed through the existing fuel tank hatches making it 

possible to place them inside. The existing fuel system can be applied to the bladders, though a 

connector system for the fuel lines has to be integrated into the walls of the fuel tank. As seen in 

figure 10 in the cross section and the cut section view of the front bladder, the bladders are being 

linked in top and bottom, connecting the three bladders to each other, making it possible for the 

air in the top linking’s to travel through the three fuel bladders, and the fuel in the bottom 

linking’s to travel from the rear bladder in which the fuel gets filled into. A rotation moulded self-

sealing container similar to the existing reserve replaces it. Safety foam or mesh-balls can still be 

applied into the fuel tank preventing explosive combustion and fuel slosh, completely fulfilling 

the needs and requirements stated.   
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Coating, Concept 1 
The first concept with the coating technique can be seen in Figure 11, where the outer parts of the 

fuel tank has been painted with a thick layer of coating. The red lines in Figure 11 represent the 

fuel tank walls and the cross section represents the coating. 

 

Figure 11. Coating concept 1 

The purpose of applying the coating to the outside of the fuel tank instead of to the inside, is to 

prevent, when being penetrated by a projectile the metal in the fuel tank walls from ripping a hole 

in the coating surface with the jagged edges  of the metal created by the projectile. The possibility 

for the amour plates mounted on the outside of the coating creating the same kind of jagged edges 

as the metal in the fuel tank, when penetrated by a projectile, is less due to the material properties 

used in the armour being harder not bending inward as easily as flexible metal. This application 

also keeps the existing volume of the fuel tank and the fuel system intact without any alterations 

needed. The existing reserve or a self-sealing variant may be used. 

However, this concept does not fulfil need number two, due to the lack of self-sealing ability into 

the compartment of the crew. It is though the easiest way of applying a coating, application wise.  

Disadvantages are the added with of the fuel tank possibly breaking regulations stated for 

transport and demands given by customers and the possibility of the tracks ripping of the coating 

from underneath the fuel tank.   
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Coating, Concept 2 
Concept two is similar to concept one. The main difference is that coating layers has been applied 

to the inside of the fuel tank, covering the inside wall towards the crew and the bottom part of the 

fuel tank, see Figure 12. 

 

 

Figure 12. Coating concept 2 

The coating can be applied to the inside of the fuel tank by using a robotic arm constructed and 

programmed for the purpose. The advantage of applying coating to the inside of the fuel tank is no 

jagged edges puncturing the coating surface when a projectile pass strait through the fuel tank, 

sealing the wall towards the crew of the CV90 fulfilling need number two. Due to low risk of 

projectiles other than mines penetrating the fuel tank from below, the coating can be applied to the 

bottom of the fuel tank inside of it, removing the risk of the tracks ripping the coating away. The 

coating is also very rigid when applied, resulting in the bottom part of the fuel tank being stiffer 

compared to when the coating is not applied, making the fuel tank more stable. 

The disadvantages are that the fuel volume will be reduced with about 6 % if a layer of 14.5 mm 

coating is applied to the inside wall of the fuel tank. There is also a risk that the coating layer 

might get uneven in hard to reach places when applied on the inside.   
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Future Concept 1 
The first futuristic concept is made with “implementation in a near future” in mind. The main 

function of this concept is the top of the fuel tank in the form of a bolt-on lid, making the fuel tank 

compartment easily accessible, see Figure 13.   

 

Figure 13. Future concept 1 

The bolted on lid makes the hatches of today’s fuel tank unnecessary only leaving a hole for the 

filler cap in the rear end. The fuel system will be modified to fit inside of the fuel tank. Inside the 

fuel tank, the two section parts dividing the old fuel tank into three sections have been removed, 

making it easy to mount a self-sealing bladder with the shape of the entire fuel tank right into the 

compartment. The installation of safety foam will be an easy task for the assembler, stacking 

appropriate shaped safety foam units right into the volume of the fuel tank, without the need to 

use bad ergonomic positions as in the case with the old fuel tank, were the assembler would have 

to reach down into the fuel tank through four narrow hatches. 
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Future Concept 2 
The second futuristic concept uses a similar construction as concept one, bolting the top lid on, 

see Figure 14. The main difference in concept two is the fuel compartment made of a self-sealing 

composite. 

 

Figure 14. Future concept 2 

The purpose of the composite fuel tank is that it can be bolted on to the CV90; making it easy to 

remove and replace with a new if it gets damaged. Depending on the material used in the 

composite, weight can be saved reducing the overall weight of the CV90. Composite materials 

integrated may be strong and tolerant such as Kevlar or carbon fibre. The fuel system is 

implemented into the composite fuel tank with a quick release, Snap-on function connecting the 

fuel lines to the CV90. Safety foam will be used in this configuration to reduce explosion 

combustion and fuel slosh. 

Instead of placing the armour on the outside wall of the fuel tank on the CV90, the armour has 

been placed in between the composite fuel tank and the wall towards the crew of the CV90. This 

makes it easier to remove the composite fuel tank without first removing the armour. The thick 

dark grey area defined by the red line in Figure 14 represents the armour plating bolted on to the 

wall of the CV90. Depending on the stiffness of the composite, a layer of armour can be applied 

to the outside of the composite increasing the protection level. 

The volume defined by a green line on the inside of the armour represents a self-sealing reserve 

fuel tank, making it protected, not only by the armour but also by the whole composite fuel tank. 

  



 

44 

 

Concept conclusion 
Comparing the different concepts stated in the result section, the easiest self-sealing technique to 

apply would be Fuel bladder, Concept 1 with the fuel bladder application in the back of the fuel 

tank, replacing the existing reserve fuel tank. This concept requires minimal modification to the 

existing fuel system and works in the same way as the reserve tank does today. However this 

concept doesn’t fulfil the requirements stated due to the fact that the bladder only fills half of the 

rear section in the fuel tank. The solution to this problem is Fuel bladder, Concept 2 seen in figure 

10. This concept fulfils all the requirements stated. It is not as easy to apply as concept 1 due to 

the fact that it fills the whole fuel tank section. Connectors need to be applied to the fuel bladders 

in order to get the fuel lines connected to them. To get the fuel lines connected and to get the fuel 

bladders in place in the existing fuel tank will certainly be a challenge because of the small 

hatches in the top of the fuel tank where all the access to the inside of the fuel tank is made. 

However, the fuel bladders can be compressed quite much so it will not be an impossibility to get 

them in place. 

The coating applications are easy to apply because of the method of spraying on the self-sealing 

material. If the coating is applied to the outside and the inside wall of the fuel tank as seen in 

Figure 12, the application fulfils the requirements stated. The downside with this technique is that 

it makes the CV90 wither and the fuel volume reduced with approximately 6 %. If damage has 

occurred to the coating layer and the metal under it, there will probably be allot of work to get the 

damaged metal section mended due to the fact that the coating layer is sprayed on to the metal. 

Most likely the whole coating layer has to be removed and re-applied when mending the metal in 

order to get a fully functional self-sealing function. 

The meaning of the two future concepts is to give BAE ideas on how a fuel tank with self-sealing 

capabilities could look like and be integrated in near future versions of the CV90. They are 

visualized in a way so they resemble the existing fuel tank of today but with new ideas on how the 

fuel tank can be constructed and attached to the CV90.  

The most promising concept of the four presented with focus on implementation in today’s fuel 

tank of the CV90 is Fuel bladder, Concept 2 seen in Figure 10. This concept fulfills all the 

requirements stated and is easier to remove and replace if damaged compared to a sprayed on self-

sealing coating.  
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7 Discussion 
A CV90 is a combat vehicle and its purpose is to assist troops out in the combat field. The fuel 

tank of the CV90 has to face a variety of different threats. In order for the viewer to understand 

the width and functionality of the concepts presented in the result section of this report, a 

theoretical understanding of the main cornerstones for a fuel tank mounted on a combat vehicle 

has to be apprehended. The theory chapter has been a big part in this project where a lot of the 

research material has been stated. The theory chapter is actually a result in itself, providing the 

viewer with the necessary information to understand and create their own concepts of self-sealing 

fuel tanks. The method used when constructing the theoretical chapter is top-down based focusing 

on the CV90 as its main core, starting with threats in a modern war field under “Projectiles and 

ammunition”, next is “Damage prevention” explaining how damage can be prevented with the 

help of STANAG 4569 threat levels and lastly “Damage management” which give the viewer an 

understanding in how to manage occurred damage. The different techniques used for self-sealing 

materials and how they actually work on a molecular level, has been summarized to give the 

viewer a deeper understanding of the self-sealing fuel bladders, coating and composites. The 

chapter named “Fuel tanks” gives the viewer a deeper understanding of the function of a fuel tank, 

its field of application, the history of self-sealing fuel tanks, relevant patents for this project and 

different manufacturers providing relevant techniques for self-sealing. 

The use of self-sealing fuel tanks in the everyday person’s vehicle is not very common today, 

probably due to the low risk of actually puncturing the fuel tank in everyday use. Though, the 

self-sealing fuel tank and the anti-explosion applications available could actually save life’s 

making a difference when car accidents happen due to the risk of fuel tanks leaking and igniting. 

Another win of self-sealing fuel tanks is the preservation of the environment and its resources by 

minimizing leakage when canisters containing hazardous liquids get damaged. The resulting 

concepts and the information gathered in this report is actually applicable to any container 

housing different kinds of liquid and may be used in a variety of different fields of application. 

For BAE the purpose of a self-sealing fuel tank is clear due to the needs analysis and the 

requirement specification, therefore the concept results are carefully constructed to best suit the 

needs and requirements stated. 

7.1 REFLECTION 

The project needed a good method and process to rely on in order for reliable concepts to be 

created. In the beginning of the project the needs and what the project actually meant was a little 

vague, resulting in not knowing in which direction to take the project and what method and 

process to use. With the help of the method Problem-driven forecasting from a systematic design 

course in Industrial Design Engineering and guidance from the academic advisor, a similar 

structure as a Research and Development process was created. Being a pre-study the project was 

divided into a knowledge part and a result part, where the knowledge part was the largest, 

including getting to understand the problem, finding and gathering reliable information regarding 

protection, threats and self-sealing applications and to evaluate the information gathered. The 

gathering of knowledge was crucial in the project, which lead to an extensive research phase. 

With the project being a pre-study the tools to develop self-sealing applications for the CV90 was 

created, but not used to their full potential in this project because of the time given, and the 

knowledge gathering phase being so extensive. The result part of the project was therefore 

delimited to an idea generation phase, an idea evaluation phase and a concept phase, where the 

final concepts were created and presented as concept ideas, leaving the rest of the development to 

BAE. If this project had to be done all over again, this method would have been chosen right from 

the start to get clear guidance in which direction to steer the project, not wasting any time in the 

search for a reliable method to lean on. This had probably given more time over to explore the 
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other two companies Meggitt and HIT-USA, maybe even time to test self-sealing materials if the 

companies would provide it and more time to make even better concepts.  

The information, including literature, and research phase was the hardest to perform due to the 

fact that the project is directed towards armed forces, leading to a lot of information being 

classified. Many of the companies providing self-sealing applications were very restrictive with 

information on their websites. This could have affected the result of the research phase due to the 

matter that self-sealing techniques provided by companies with little information on their websites 

were left out in the evaluation process. The requirement specification was also hard to state due to 

an unclear and inadequate basic demand being “self-sealing if perforated”. Therefore the needs 

analysis and the requirement specification took more time to elaborate than anticipated. There 

were no tests performed on self-sealing materials and armour during this project, therefore the 

self-sealing capabilities applied to the concepts of the fuel tank and the assumptions made whether 

the sealing capabilities work or not when applied to the fuel tank of the CV90, are purely 

theoretical, based on the information presented in the theory chapter in this report, and discussions 

made with qualified employees. 

The three concept categories in the result section being fuel bladder, Coating and future concepts 

use the self-sealing capabilities described in the theory chapter “Damage management”, consisting 

of flexible fuel cells, layers of coating and composites. Fuel slosh and explosive combustion has 

been prevented in all of the final concepts by adding mesh-balls or safety foam into the fuel tank. 

The four present time concepts constructed using fuel bladders and coating in the results are the 

ones which best suits the needs and the requirement specification stated in this report. These final 

concept results are based on the morphologic matrix constructed during the idea generation phase. 

7.2 RECOMMENDATIONS 

First off, contact with the 2 remaining companies from the benchmarking evaluation, being 

Meggitt and HIT-USA should be established to see what they have to offer. Second of all would 

be to compare prices of the three different companies’ self-sealing applications in order to see 

which company would provide the best cost effective application for BAE. If none of the three 

companies is up for the task or if their applications are too expensive, deeper analysis of the other 

companies stated in Table 4 should be performed.  

In order to get even more abrasive resistant fuel bladders, materials such as Kevlar should be 

implemented into the self-sealing application making the fuel bladder, in theory, resistant to the 

jagged edges created by the projectile penetrating the wall of the fuel tank. If the coating method 

is chosen, application of the coating inside of the fuel tank might be possible by rotating it and 

pouring the coating mixture into the fuel tank, using gravity to apply it on the inside walls, into 

narrow spaces and corners of the fuel tank. 

In order to evaluate which of the two self-sealing applications are most suited for the fuel tank of 

the CV90, shooting tests and application tests should be performed in order to see if the 

techniques are suitable for the task and if they fulfil the requirements in reality. 
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8 Conclusions 
The material in this report has given the answers needed to the guiding research questions stated 

in the introduction to this report. The stated questions with answers to them are stated below. 

Question 1 
How does the fuel tank of today’s model CV90 react when being hit by a ballistic? 

Everything depends on the STANAG classification of the ballistic in relation to what grade of 

armour is mounted to the fuel tank. If the armour doesn’t fulfil the protection level needed for the 

ballistic, the projectile will most certainly cause great damage to the fuel tank, causing the fuel to 

leak out. The application of mesh-balls will however protect the CV90 from the danger of 

explosive combustion. 

Question 2 
With armour mounted, how much damage will todays CV90 withstand? 

Today, BAE offers the customer a STANAG 4569 protection level of 5+ for the CV90. 

Question 3 
Which kind of self-sealing techniques are most common on the market today? 

There are two different kind of self-sealing techniques which is the most common on the market 

today. These are the bag tank also called fuel bladder and the coating application. 

Question 4 
Which supplier/suppliers can develop and deliver the self-sealing application? 

There are several different suppliers on the market providing self-sealing applications, due to poor 

information about the self-sealing techniques provided by several of the companies, many of them 

is classified as uncertain. The companies with the self-sealing applications fulfilling the 

requirements the best are GKN with their self-sealing bag tank application, Meggitt which also 

provides a bag tank application and HIT-USA with a self-sealing coating application. 

Question 5 
How much damage will the suppliers’ self-sealing application withstand without leaking? 

The three suppliers stated in question three all fulfil a minimum requirement of STANAG 4569 

Level 4. 

Question 6 
How well does explosive combustion preventers, such as safety foam and mesh-balls work? 

By the information gathered from the different companies and videos provided by the companies 

of the preventers, the conclusion is that the preventers of explosive combustion work extremely 

well, fulfilling their purpose. 
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Question 7 
How difficult is it to retrofit the different self-sealing techniques to the fuel tank of the CV90? 

The two most common techniques and the ones used in this project are the bag tank and the 

coating application, provided by GKN, Meggitt and HIT-USA. These are retrofitted in two 

completely different ways to the fuel tank. The bag tank is applied to the inside compartment of 

the fuel tank and the degree of difficulty depends on how easy it is to access the inside of the fuel 

tank. The bag tank can be compressed making it smaller and easier to squeeze through tight 

passages. The coating, if applied to the outside of the fuel tank, is easy to apply by spraying it or 

painting it on to the surface with a paint gun or a brush. Depending on the threat level, different 

thickness of the coating can be applied. If the coating is applied to the inside of the fuel tank, the 

application process will be more demanding making it harder to get even thickness of the coating 

layer due to narrow passages inside of the fuel tank.   

Question 8 
Can the fuel be stopped from leaking into the manned space inside the CV90 if the fuel tank is 

perforated? 

Yes, if the self-sealing technique covers the inside wall of the fuel tank as in the concepts of Fuel 

bladder concept 2, Coating concept 2, Future concept 1 and Future concept 2. 

Question 9 
Which self-sealing technique would be best suited for this project? 

The Fuel bladder application seen in Fuel bladder concept 2 would be the best suited technique for 

this project, fulfilling all the requirements and needs stated in this report. 

Project objectives and aims 
The objective of this thesis is to perform a pre-study in the field of self-sealing fuel tanks with 

implementation in the combat vehicle 90 (CV90). Increasing demands, which state that the 

combat vehicles should be drivable after damage to the fuel tank, has led to this project where the 

aim is to do an explorative study in the field of self-sealing fuel tanks, and find ideas and concepts 

which can be implemented into the CV90. 

This master thesis completely fulfils the project objectives and aims regarding being a pre-study 

and an explorative report. The resulting concepts presented fulfil the requirements needed for the 

CV90 to be drivable after damage has occurred to the fuel tank. Different ideas, knowledge of 

different self-sealing techniques and concepts are being presented for the viewer in this report. 
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1941 Fuel tank casing James A Merrill - US2424701 A
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Patents 

 

1945 Self-sealing fuel tank, Phillips, Ewell C. – United States Patent 2391477
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Patents 

 

1947 Self-sealing fuel tank, Dasher, Paul J, Crawford, Richard A., Colley, Russell S.  US 

Patent 2425514 
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1966 Self-sealing Fuel tank, George B Harr, US3563846 A 
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1966 Self-sealing fuel cell wall, Theodore A Underwood, William S Wickersham Jr., 

Robert W Sutton, US3509016 A 

 

http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Theodore+A+Underwood%22
http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22William+S+Wickersham+Jr%22
http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Robert+W+Sutton%22
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1972 SELF SEALING COMPOSITE, Baker, Ronald E. Fogarty, Robert L. Slagel, 

Edwin C., US3698587  
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1986- Swellable coating compositions, Peter H. Markusch, James W. Rosthauser, US 

4728711 A 

What is claimed is:  

1. A coating composition produced by reacting an organic isocyanate with active hydrogen 

containing organic material at an isocyanate group to active hydrogen ratio of from 1:1 to 2:1, 

said composition:  

(i) capable of swelling at least 300% by volume at a film thickness of 3 mils or less within 5 

minutes after immersion in a hydrocarbon solvent, 

(ii) having a heteroatom content of from 1 to 12% by weight based on the total weight of the 

composition, and 

(iii) Having a mean chain length between cross-linking sites of at least 4000. 

2. The composition of claim 1 wherein said mean chain length is at least 20,000. 

3. The composition of claim 2, wherein said heteroatom content is from 2 to 6% by weight. 

4. The composition of claim 3, wherein said heteroatom content is from 2 to 4% by weight. 

5. The composition of claim 1 wherein said isocyanate is dimeryl di isocyanate and said organic 

material is a hydrogenated or unhydrogenated liquid polybutadiene containing hydroxyl groups.

http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Peter+H.+Markusch%22
http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22James+W.+Rosthauser%22
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Appendix C ─ Self-sealing suppliers 
COMPANIES IN EUROPE COMPANIES IN THE USA 

GKN Arm-USA 

Meggitt HIT-USA 

Army-technology Rodgard 

Hutchinsoninc.com Sealathane 

Atlinc Bulldogdirect 

Zodiacaerospace  

COMPANIES IN EUROPE 

GKN:  

o Ballistically tolerant fuel tanks 

o Function: 

 Flexible fuel cell 

 Safety-foam 

 Self-sealing function  

 Qualified for BVS10  

 Self-sealing up to 20 mm calibre 

 Can be integrated during the design phase or applied afterwards 

 Provides anti-slosh function  

 In use in combat vehicles and air force 

“The typical velocity for testing is around 1000 m/s for a 12.7mm round, 

available rated from NATO 7.62mm up to 20mm AP cannon shells, 

when integrated with safety foam inerting will seal 7.62mm non tumbling 

7.62mm immediately” 

Meggitt: 

o Fuel containment 

o Function: 

 Flexible fuel cell 

 Self-sealing up to 23 mm calibre 

 Self-seal within 2 minutes 

 Focus lies in the aviator industry 

 Life expectancy of 30 years 

“In 1999, BAE Systems awarded EFC100 a “Chairman’s Award for 

Innovation”. 
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Army-technology: 

o Product name; TSS Protectank 

o Function: 

 Coating  

 Safety foam 

 Only reduces the fuel capacity in the fuel tank by 3 % with the foam 

mounted 

 Fulfil the requirements of STANAG 4569 level IV, 14.5 mm 

Hutchinsoninc: 

o Product; Safe tank 

o Function: 

 Coating 

 Mesh-balls in fuel tank 

 Ballistic protection 

 Fire suppression/anti-explosion 

 Capable of saving weight 

 Abrasion resistance 

 Fuel tank can be manufactured with rapid prototyping multi jet modelling 

(MJM) 

Atlinc: 

o Product name; ATL balisticoat  

o Function: 

 Safety foam  

 Self-sealing shell 

 Can be implemented into existing fuel tank 

 Tested with 9mm Uzi, 7.62mm AK-47 & 5.56mm M-16 

Zodiacaerospace:  

o Produces self-sealing fuel cells 

COMPANIES IN THE USA 

Arm-USA: 

o Been working with companies outside USA 

o Product; ARM-R-COAT   

o Function: 

 Coating on the outside of the fuel tank 

 Safety foam 

 Fulfils Stanag level IV, 14.5mm calibre at a coating thickness 0.575 inch 
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HIT-USA: 

o Product; Battle jacket 

o Function: 

 polymer spray on the outside of the fuel tank 

 Safety foam named Hextinguish in fuel tank 

 Heat protection function named Fire cap  

 High impact technology 

 Battle ready tank 

 In use, mounted on fuel tankers in Afghanistan, 600 bullets were found in 

a fuel tanker without any leakage. 

 350% elongation 

 Tensile Strength – 2800 psi 

 Flexural Modulus – 6000 psi 

 Hardness, Shore A – 85 

 Operational Temperature Range: -40 to 180 deg. F.=(-40 to 82 deg. C) 
 < 1% shrinkage 

Rodgard: 

o Function: 

  Safety foam 

  Coating on the outside of the fuel tank 

Sealathane: 

o Function: 

 Coating applied on the inside of the fuel tank 

 Fulfils Stanag level IV, 14.5mm  

 Seals in less than a minute depending on the thickness of the layer 

Bulldogdirect: 

 The fuel tank has to be sent to the manufacturer for the application process 
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Appendix D ─ Mesh-ball providers 
 Texogatech.com:  

o Product; Deto-stop 

o Delivers Deto-stop to BAE Systems Hägglunds 

o In shape of  mesh-balls and mesh-rolls 

o 55-60 g/litre for mesh-balls, 30-45 g/litre for mesh-rolls 

o Only reduces the fuel capacity in the fuel tank by 1-3 % 

o Reduces fuel slosh and explosive combustion 

 Explosafe.ch: 

o Similar to Deto-stop 

o 37-47 g/litre for  mesh-rolls 

o In shape of mesh-balls and mesh-rolls 

o Only reduces the fuel capacity in the fuel tank by 1-2 % 

o Reduces fuel slosh and explosive combustion 

 



Appendix E (1/2) 

Pairwise comparison 

 

Appendix E ─ Pairwise comparison

 

Abbillity to seal GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

biggest hole GKN - 0 1 1 1 1 1 1 6

Meggitt 1 - 1 1 1 1 1 1 7

Army-tech 0 0 - 1 1 0,5 1 0,5 4

Hutchinsoninc 0 0 0 - 0 0 0 0 0

HIT-USA 0 0 0 0 - 0 0 0 0

ARM-USA 0 0 0,5 1 1 - 1 0,5 4

Rodgard 0 0 0 0 0 0 - 0 0

Sealathane 0 0 0,5 1 1 0,5 1 - 4

Does the company GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

provide anti-slosh GKN - 1 0,5 0,5 0,5 0,5 0,5 1 4,5

and explosive Meggitt 0 - 0 0 0 0 0 0 0

combustion Army-tech 0,5 1 - 0,5 0,5 0,5 0,5 1 4,5

Hutchinsoninc 0,5 1 0,5 - 0,5 0,5 0,5 1 4,5

HIT-USA 0,5 1 0,5 0,5 - 0,5 0,5 1 4,5

ARM-USA 0,5 1 0,5 0,5 0,5 - 0,5 1 4,5

Rodgard 0,5 1 0,5 0,5 0,5 0,5 - 1 4,5

Sealathane 0 0 0 0 0 0 0 - 0
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ITAR-friendly GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

1=yes GKN - 1 1 1 1 1 1 1 7

0=No Meggitt 1 - 1 1 1 1 1 1 7

0,5=Maybe Army-tech 1 1 - 1 1 1 1 1 7

Hutchinsoninc 1 1 1 - 1 1 1 1 7

HIT-USA 0,5 0,5 0,5 0,5 - 0,5 0,5 0,5 3,5

ARM-USA 0 0 0 0 0 - 0 0 0

Rodgard 0 0 0 0 0 0 - 0 0

Sealathane 0 0 0 0 0 0 0 - 0

Life expectancy GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

15 years GKN - 0 1 1 1 1 1 1 6

30 years Meggitt 1 - 1 1 1 1 1 1 7

no info Army-tech 0 0 - 0 0 0 0 0 0

no info Hutchinsoninc 0 0 0 - 0 0 0 0 0

no info HIT-USA 0 0 0 0 - 0 0 0 0

no info ARM-USA 0 0 0 0 0 - 0 0 0

no info Rodgard 0 0 0 0 0 0 - 0 0

no info Sealathane 0 0 0 0 0 0 0 - 0

Easy to mount GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

inside/outside GKN - 0,5 0 0 0 0 0 0,5 1

Meggitt 0,5 - 0 0 0 0 0 0,5 1

Army-tech 1 1 - 0,5 0,5 0,5 0,5 1 5

Hutchinsoninc 1 1 0,5 - 0,5 0,5 0,5 1 5

HIT-USA 1 1 0,5 0,5 - 0,5 0,5 1 5

ARM-USA 1 1 0,5 0,5 0,5 - 0,5 1 5

Rodgard 1 1 0,5 0,5 0,5 0,5 - 1 5

Sealathane 0,5 0,5 0 0 0 0 0 - 1

Easy to swap out GKN Meggitt Army-tech Hutchinsoninc HIT-USA ARM-USA Rodgard Sealathane TOTAL

GKN - 0,5 1 1 1 1 1 1 6,5

Meggitt 0,5 - 1 1 1 1 1 1 6,5

Army-tech 0 0 - 0,5 0,5 0,5 0,5 1 3

Hutchinsoninc 0 0 0,5 - 0,5 0,5 0,5 1 3

HIT-USA 0 0 0,5 0,5 - 0,5 0,5 1 3

ARM-USA 0 0 0,5 0,5 0,5 - 0,5 1 3

Rodgard 0 0 0,5 0,5 0,5 0,5 - 1 3

Sealathane 0 0 0 0 0 0 0 - 0

Company Total

GKN 24,5

Meggitt 22

Army-tech 20,5

Hutchinsoninc 16,5

HIT-USA 13

ARM-USA 13,5

Rodgard 9,5

Sealathane 5
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Appendix F ─ Important functions 
Self-seal when perforated 

Parameters Possible solutions     

Fulfil at least 

STANAG 4569 level 

IV 

Thick material Modern 

materials which 

shrink when 

perforated 

Different 

layers of material 

Viscoelastic 

 materials 

Perform at a wide  

temperature range 

Low Tg 

value* 

Heated tank, 

narrows the span 

which the 

material needs to 

work in 

    

Abrasion resistant Fit the 

material 

 to the on 

laying 

surfaces 

A Kevlar shell 

which absorbs 

the abrasion 

Hard enough 

 material 

  

*A plastic has a T g above room 

temperature, whereas a rubber has a T g 

below room temperature. 

Retrofit application in/on fuel tank 

Parameters Possible solutions   

Easy to 

mount/maintain 

A flexible  

bag tank 

Sprayable  

coating solution 

on the outside 

Easy access to  

the fuel tank 

compartment 

Modular  

solution 

Accommodate as 

much fuel as possible 

Solution on 

the outside of 

the existing 

fuel tank 

As thin  

material/ coating 

as possible if 

placed on the 

inside 

Use safety foam/ 

mesh-balls with as 

low fuel 

absorption as 

possible 

  

Fuel system The existing 

fuel lines can 

be put inside 

the bag tanks 

by using 

connectors 

Coating on the 

outside, the 

existing fuel 

system does not 

need to be 

modified 
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Appendix G ─ Brainstorming ideas 
Fuel bladder ideas Concept 1, Concept 2 

Parameters Solutions    

Fuel bladder 1 bladder in 

every 

section, smaller 

than the fuel 

bladder 

1 bladder in 

every section 

filling the entire 

volume 

Isolated catch 

tank (50 l) placed 

in the first 

section 

Only one bladder 

in the rear 

section of the 

fuel tank, can be 

used as a reserve 

Emergency tank Placed inside in 

the bottom of the 

fuel bladder 

Small fuel 

bladder 

The principle of 

today’s reserve 

but with self-

sealing material 

instead 

  

Safety foam Fill the space 

outside 

of the fuel 

bladder with 

safety foam 

Place safety 

foam inside 

 

   

Fuel lines and 

connections 

Connection 

between 

the bladders 

Throttle valve 

between the 

bladders 

Bladders are 

linked in the top 

and in the bottom 

Able to connect 

all the existing 

connectors 

 

Coating ideas Concept 1, Concept 2 

Parameters Solutions      

Coating Sprayed on Brushed on Spray and 

brush on 

the joints 

      

Applied on The top, 

the wall 

and bottom 

outside off 

the tank 

The inside 

of the tank, 

applied 

with 

robotic arm 

Plates with 

coating 

applied on 

the outside 

of the tank 

with joint 

sealant 

between 

Use 

magnets 

and 

connect 

coating 

plates to 

the CV90 

Different 

sheet layers 

creating a 

sandwich 

structure 

The outside 

of the fuel 

tank and on 

the inside 

of the fuel 

tank closest 

to the crew 

Size Makes the 

CV90 

wider 

Reduces 

the fuel 

volume 

        

Protection  Has to be 

moved out 

from the 

fuel tank 

wall 

 Safety 

foam or 

mesh-balls 
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Future ideas  Concept 1, Concept 2 

Parameters Solutions        

Future 

modification 

to hull 

Bolted 

topside of 

the fuel tank 

for easy 

access 

bolted outside 

wall of the 

fuel tank for 

easy 

installation 

Use the 

space 

under the 

floor for 

fuel tanks 

Use simple 

geometries for the 

shape of the fuel 

tank, make layer 

based self-sealing, 

easy to replace 

Fuel tank 

without metal 

walls, 

composite 

construction 

Make the 

slot on the 

outside of 

the fuel tank 

larger, fill 

with coating  

Three closed 

sections 

inside of the 

fuel tank 

 

Placement 2 separate 

fuel tanks 

placed on 

different 

sides of the 

CV90 

  Self-sealing 

Fuel cell 

placed inside 

Flat 

shaped 

fuel tank 

on the 

topside of 

the CV90 

Fuel bladder in 

entire band shelf, 

filler cap in the 

back 

Bolt the 

whole fuel 

tank on to the 

CV90 

Move the 

band shelf 

towards the 

center 2-3 

cm, and 

apply 

coating to 

the outside 

Make a "U-

shaped" fuel 

tank going 

over the 

CV90, 

minimizing 

the hit area on 

the side 

  Keep two 

tank sections, 

Move the 

third 

Self-sealing Coating on 

outside 

Composite Fuel 

bladder on 

the inside 

apply double layer 

of coating on the 

inside of the band 

shelf 

Self-sealing 

composite 

 of Kevlar 

coating 

structure on 

the inside 

   

Emergency 

tank 

Protected 

inside the 

fuel bladder 

Catch tank 

linking all the 

fuel tanks 

together 

Isolated 

catch tank 

Self-sealing        

Fuel lines and 

connections 

Snap-On 

function for 

easy 

replacement 

and 

installation 

Integrated 

throttle valve 

to close of the 

fuel supply 

           

Proton  With  rigid 

safety foam  

remove 

the section 

parts 

thick armour 

on the inside 

wall towards 

the crew 

           


