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ABSTRACT  

Purpose 

The aim of the thesis is to aid the project Ecoist in further developing a chassis 

which needs be manufactural with reliable dimensions to prepare for a small pilot 

batch of units. Dimensions are intended to fluctuate at a minimum to greatly reduce- 

or completely remove the need for correcting actions during assembly.  

Approach 

To create a viable and functional product proposal, a thorough investigation of legal 

requirements and previously published material regarding chassis development was 

conducted. This information was then translated and integrated with the customer 

requirements provided during the initial consultation at the company. A draft of the 

intended product was designed through different CAD-software based on this 

information, which then in turn was further developed by multiple feedback 

sessions with the project owner. 

Findings 

The resulting product features a concept primary designed through sheet-metal 

based solutions, but also includes a lesser amount of complementary solutions 

based on pre-fabricated square pipes and a ready-made clamp system which was 

integrated into the structure, for economic benefit. 

Limitations 

The information acquired from the investigation of legal requirements have been 

regarded to as a foundation to improve the product quality, with respect to e.g. 

user’s functional- and perceived safety, and to pioneer for future certification. 

However, due to the business concept and the available timeframe, an international 

certification for making the vehicle eligible for the common commercial market 

was omitted. Furthermore, the FEM verification of the final product was postponed 

to future work resulting from inadequate software licensing levels, which disabled 

full access to the required functions. The safety-measures and dimensions are 

designed at the discretion the previous experience of the project owner. 

Keywords: Chassis design, Sheet-metal design, Ecoist Vehicle,  
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1 INTRODUCTION  

1.1 Background  

The project Ecoist features the development of an electrically powered single 

person tricycle. The driver is protected from the elements by a completely 

transparent roof and windshield made as a homogeneous concept in 

Hammerglass©. The product aims to offer an eco-friendly solution to commute a 

shorter distance, typically travelable by bicycle. The idea behind this vehicle is that 

there are many people who live in location who can- and want to commute to, for 

example, a workplace on an everyday basis. However, there are several problems 

related to commuting without using a car. The most common choice for a person 

who want to travel in an eco-friendly way is to use public transportations. This is 

clearly a good option from an environmental friendly perspective, but within there 

lies an often-perceived negative aspect of becoming limited in when and where the 

route takes you, and often results in prolonged travel times and unexpected delays 

can disrupt your routine even further. Together with this aspect, you are also often 

required to carry any brought-along luggage or grocery bags bought all the way to, 

and from, the nearest bus- or train station. These couple of reasons generalized 

causes many people to return to the lifestyle with a single person commuting in car. 

If the initiative to get around this excess usage of space still prevails in an often 

heavily burdened and densely populated city’s infrastructure, there are options such 

as commuting by car-pooling or simply riding a bicycle to work. The latter case 

was the choice for the project-owner himself who commuted up to 50 km on a 

coastal country road which resulted in a rather high exposure to the elements 

through rain, humidity, and wind. This did limit, or at least strain, the days and 

seasons when this option was viable. Arriving at work by bicycle often require the 

commuter to have access to both shower and a change of clothes at the employer, 

which can prove to be a major limiting factor for many potential bicycle commuters. 

The project is currently in a prototype state where a single unit has been built and 

successfully received permission by the authorities to operate on public roads. 

The project owner, Thomas Koch, have several thesis-works simultaneously 

developing features in different fields around the vehicle in order to get ready for a 

smaller launch-batch of 10-20 units available for the market.  

1.1.1 Presentation of the client  

The project is carried out for the early stage project ‘Ecoist vehicle’ which is ran by 

the project owner Thomas Koch through the company SirGomez Engineering AB. 

The company is located in Vejbystrand, Ängelholm. Thomas Koch has a long 

experience with vehicle development and a history with the renowned high 

performance car producer Koenigsegg. 
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1.2 Aim of the study  

This thesis aims to offer a solution to the current tube frame, which is constructed 

mainly through square tubes welded together. The measurements of the chassis are 

crucial in order to be able to rely on calculated forces and other predictions, 

meaning that a fluctuation of the dimensions pose a major threat to the vehicle’s 

reliability, both when it comes to safety concerns as well as overall assembly 

problematics as it starts to become manufactured in a greater number of units.  

In order to produce a solution as formidable as possible when looking from a 

competitor’s perspective, the need of learning the state of the art has been 

emphasized. Personal contact with suppliers together with the wide range of 

literature regarding manufacturing methods open a perspective that allows an 

optimal balance between reliable manufacturability and innovative solutions to as 

many regions of the chassis as possible. 

1.2.1 Problem definition  

The goal of the thesis work is to produce an alternative design for the chassis of the 

vehicle, which possess properties that makes it easy and reliable to manufacture 

with changes affecting the overall design within the desired total weight of the 

vehicle and that the legal requirements are fulfilled for marketing the vehicle in 

Sweden for small series. At this point, the current tube frame style has a lacking 

ability to produce accurate and aligned dimensions in its geometry. This stems from 

that the current tube frame solution is difficult and time consuming for one person 

to assemble because it has neither a lock-in system for the tubes to avoid fluctuation 

when welding them together, nor does it have any template fixtures to ensure 

symmetrical measurements.  

1.3 Limitations  

The scope of this thesis work includes the mechanical design of the chassis for the 

vehicle, replicating the current tube frame as identical as possible regarding 

dimensions, shape and functionality, replacing tubes with sheet-metal solutions. 

Regarding the manufacturing constraints of the resulting product, they are limited 

to the technology, machines, material, and competence of the designated 

subcontractors responsible for the manufacturing. This aspect greatly limits the 

design as well as the complexity-level of the geometry. The difficulty of this thesis 

work will therefore not primarily lie in finding the most advanced and effective 

design possible for the vehicle, but rather in maximizing the design to the available 

methods of the manufacturer.  

A second resulting impact of these limitations is that most of the available state-of-

the-art sources will show solutions and technologies which are far beyond available 

to the project owner’s consulting workshop. The available sources that are relevant 
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to the projects topic which remains within the relevancy boundaries are therefor 

also greatly limited in proportion to the available material in the field. Finding a 

solution which fulfills the beneficial designs of the state-of-the-art peer vehicles 

that also remains viable to manufacture will probably become one of the main 

obstacles in this thesis. 

Reporting the investigation of legal requirements and standards of dimensions, 

weight, safety regulations to the product owner, significantly affects the progress 

of the overall design of the vehicle. Release on the Swedish market, being a part of 

the EU, requires mandatory certification that applies for the European market, with 

the potential of entering the European market in the future as well. The time frame 

for this thesis is not sufficient for implementing all European requirements within 

design. Even though the European and international regulations have contributed to 

alterations within the vehicle design, e.g. improved passenger safety. 

Same requirements with crash test applies for all manufacturers and the cost is the 

same for each manufacturer regardless size of series meaning the cost would be the 

same for small local niche manufacturers as SirGomez Engineering AB for the 

Swedish market with small series as for actors on the European market with lager 

series, e.g. Hogtech, or as for international actors with large series, e.g. VOLVO, 

or small series, e.g. Koenigsegg. The high cost with respect of the small series of 

10-20 vehicles are the major contributing factor to the product owner ultimately 

postpone the certification process for a European certification of conformity, since 

the price of the vehicle would not be appealing to the customers. 

Trade-offs has been made by the product owner on the way due to costs of 

manufacturing and materials handling. 

Creating one vehicle classified as an amateur-built vehicle makes it possible for the 

vehicle to be inspected and approved according to the regulations by the Swedish 

vehicle builders’ national organization, Sveriges fordonbyggares riksorganisation, 

SFRO. Everyone with an interest of creating a vehicle or rebuilding an existing 

vehicle for private use public roads has to abide by these guidelines SFRO also has 

guidelines for amateur-built electrical vehicles. This means the design of the vehicle 

within this thesis must follow the guidelines within the SFRO-organization’s 

construction handbook and SFRO-organization’s construction handbook for 

electrical driven vehicles. The guidelines lack technical specifications of 

requirements to be fulfilled resulting in time consuming communication over the 

phone and e-mails with dedicated SFRO-inspectors for recommendations, e.g. roll 

bars, see Appendix 1. This results in further investigations with other organizations, 

e.g. Swedish Standards Institute, crash test institutes, European and international 

sports cars regulations, and reporting to the product owner for decisions concerning 

changes within the design. Design changes has been made with regards to passenger 

safety and crashworthiness influenced by the European and international 

regulations, and SFRO guidelines. The SFRO inspectors are not allowed to assist 
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the customer in vehicle design, but supports with general design praxis. The SFRO 

inspectors are certified by the Swedish Transport Administration, Trafikverket. 

SFRO has 19 inspectors, see Appendix 2. 

As the work has progressed, this thesis work includes excluding unnecessary and 

expensive manufacturing processes, parts, components, re-design and modification 

of vehicle shape and integrating protective outer body into the chassis design. 

During the design process, manufacturing methods has been excluded and changes 

of design has been made over again to fit the purpose of simplifying the design for 

assembly (DfA), design for manufacturing (DfM) and design for cost (DfC). 

Materials selection of the sheet metal plate later became deprioritized within this 

project. Suggestions on alternative design based on weight savings, with inspiration 

from e.g. the lightweight steel automobile projects in the United States, or 

elimination of surface treatment, e.g. by using a noise reducing and self-healing 

sheet plate with interesting material composition discussed with suppliers Weland 

AB and ArcelorMittal BE Group SSC AB, were not possible to investigate during 

this thesis. The project owner decided further usage of corresponding materials to 

SS-EN 10025+A1 S355JR (former SS-2172-00). 

Intellectual property rights have not been considered from a freedom-to-operate 

business perspective. The time limit within this thesis prevents study the results 

from patent searches. 

1.4 Individual responsibility and efforts during the project  

The overall project is in writing moment shared between both students equally, with 

no individual responsibilities specified. However, the work has been balanced so 

that Anne-Li Lundqvist works in depth with investigation of customer requirements 

in contact with product owner Thomas Koch and how they can be implemented 

within business concept and the design, research of design, safety in design and 

engineering specifications and passenger safety, materials selection, manufacturing 

methods, joining methods, surface treatments and the state-of-the-art within the 

automotive industry, legislation requirements of the vehicle in Sweden, EU, and 

internationally and safety requirements, utilization of available production methods 

and methodologies, material selections, joining methods and methodologies and 

surface treatments with the partners and subcontractors, investigation of welding 

methodology for material with supreme oxidation protection excluding surface 

treatment, for investigation of chassis internal parts’ functionality and use of 

components and materials for low weight, comfort and safety, competitor 

surveillance, patent searches, literature searches, and structure of the shared 

working platform, managing CAD-programs for handling files from the project 

owner created in Solidworks 2010 with Solidworks 2016 into Catia V5. Christian 

Thomas works more in depth with the CAD files including mending and structuring 
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converted files, managing the creation of individually fitted parts with respect taken 

to further researched manufacturing methodologies both within sheet metal cutting- 

and bending, together with cutting and milling fitted tubes, adjusting design 

continuously after constraining requirements of project owner’s interest, 

engineering fitting solutions for each individual part to ensure reliable dimensions 

and geometrical stability, design methodology through-out the project both from 

SolidThinking’s Inspire 2016 and Catia V5 as well as theoretical guidelines, 

customer requirements presented by the project owner and his designated 

subcontractors and translated them into engineering specifications specified in the 

QFD, presenting product and design results from topological optimization and 

parametric optimization with regard to DfM, DfA, and DfC. 

1.5 Study environment  

Both students are attending the distance section of the education, meaning that a 

large portion of the work is carried out through communication over phone or 

internet based services. Physical meetings take place as well, often in conjunction 

with additional tasks such as study visits and meetings with Thomas Koch, or 

obligatory attendance dates at the university. Results needs to be shared amongst 

the students working simultaneously with different problems in their master thesis 

at SirGomez Engineering AB, meaning this thesis are in one aspect dependent on 

the final result of forces from another master thesis at the Faculty of Engineering 

LTH at Lund University to be able to complete our design through load cases. 
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2 THEORY  

2.1 Summary of the literature study and state-of-the-art  

2.1.1 Understanding the Automotive Industry 

The steam engine and the lead accumulator were important inventions in the start 

of the automotive industry. A historical perspective from the first automobile and 

motorcycle with description of inventions, inventors, builders and manufacturers, 

vehicle design, manufacturing methods, materials selection, joining methods, road 

safety, weights, fuels, speed, ranges, etc., serves as an introduction by  (Barnett et 

al., 1985) (Carroll, 1997) (Châtenay, 2009) (Corolla, 2009) (Elg, 2005) (Hansson, 

1996) (Kristin Palm Advamed, Inc, 2017) (Multi car Care , 2017) (Netclassics, 

2013) (Summers, et al., 2012) (Wilsson, 2006). 

2.1.2 Chassis design and regulations for amateur-built chassis 

The field of car manufacturing is strongly associated with a high level of 

performance; thus, the requirements of the resulting product needs to be aligned 

with high quality solutions. There is a large number of works describing the current 

idea and methods behind chassis design, deciphering the different parts, how they 

are related, and what main purpose they have in the design. However, looking at 

the current state-of-the-art of car manufacturing, the chassis and body are often 

highly integrated into each other, which strongly undermines the viability of most 

of the available solutions to optimizing material usage while maintaining the best 

structural reliability and safety-aspects, such as the material published by (Kleiner, 

et al., 2014) (Nilsson, 2012) and (Holm, 2012). Despite this, it is paramount that 

the topics that this literature address are thoroughly investigated in order to create 

an awareness of what needs to be taken into consideration during the course of the 

design. A collection of comprehensive literature such as (Chawla, 2011) (Corolla, 

2009) (Pokhriyal, 2011) (Reimpell, et al., 2001) (Sivaraman, 2016) covers much of 

these topics. Amateur-built chassis regulations are specified by (Ulander et al, 

2015). 

2.1.3 Addressing the manufacturing constraints 

The initial challenge that this project needs to address is the rift between the 

associated level of manufacturing methodology in sheet-metal forming, often 

performed by hydro-forming and similar technology which allows a broad design 

freedom. In order to meet the solutions on a level which can also be solved by the 

methods available to the project owner, it is important to investigate the earlier 

solutions produced and find a common path which balances modern solutions with 

more fundamental level of manufacturing. A few interesting works are presented 

by (Barnett et al., 1985) (Hansson, 1996) (Elg, 2005) (Carroll, 1997) (Summers, et 

al., 2012) (Wilsson, 2006). There are a couple of directly associated topics to pursue 

with respect to this approach.  
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Joining methods: The first track regards how the material can be joined together in 

a reliable way. There is a state-of-the-art joining method being developed, with its 

progression covered by (Mucha, 2011). These methods will be unavailable to the 

project’s solution due to manufacturing constraints, so the effect of that is the need 

to take a step back and lean on joining methods such as welding and other solutions. 

These topics are supported by (Nilsson et al., 2004) (Stemne, et al., 2009) (Ulander 

et al, 2015) 

Material selection: To create a structure which provides a safe environment for the 

user, it is important that the fundament of the resulting chassis provides all the 

required strength and stability to withstand any expected strain during use. The 

selection of material is largely driven by several aspects such as weight 

optimization, economical aspects, as well as ethic and environmental aspects. 

Depending on how the material can be processed and utilized, different types and 

dimensions may be optimal. Today’s automobile manufacturing industry rely 

heavily on highly developed steels to fit specific parameters. Authors talk about this 

in (The Steel Network, 2017) (Nilsson, 2012) (Mallik, 2010) (Horvath, 2010) 

(Holm, 2012) 

Surface treatment: The nature of a vehicle’s chassis intended to commute with on 

public roads, regardless of season and weather, is a high level of exposure to 

elements such as water, sand, mud, and other deteriorating substances such as salts. 

This naturally brings up the topic of surface treatment for a protective purpose. 

Regardless of that there exists wide variety of stainless-steel, high-end alloys, and 

aluminium which inherently offer substantial corrosion resistance – these materials 

rarely prove to be economically and ethically viable for this purpose. The literature 

by (Bewilogua, et al., 2009) (Lampe, et al., 2003) (Vetter, et al., 2005) treats this 

topic thoroughly, including other applications. Especially as the economical 

constraint in this project rarely allows the upper level of technology, works such as 

(JIWE Varmförsinkning, 2017) provides design support for the more fundamental 

methods. 

2.1.4 Fulfilling a business strategy 

Legal requirements are essential for entering a specific market. Introducing the 

Ecoist on the Swedish market means fulfilling EU directives and requiring a quality 

management system. The directives are available at (EUR-Lex, 2017) (United 

Nations, 2012) and national regulations at (Transportstyrelsen, 2017). 

Validation of directives and delegated directives was made by interviews of 

(Registrar, 2017) (Göringberg, 2017) (Hammarbäck & Vainionpaa, 2017) 

(Nordqvist, 2017) with further references to technical services at (European 

Commission, 2017). Experience of certification of conformity abroad in interview 

with (Madsen, 2017). 
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Type of driving license can be found by (Transportstyrelsen, 2017) and use of 

helmet at (Sveriges Riksdag (The Swedish Parliament), 2009) and seat belt at 

(Notisum, 2017). 

A certification of conformity was not possible for SirGomez Engineering AB but 

other alternatives was discussed in interview with (Hammarbäck & Vainionpaa, 

2017) with further references to (Transportstyrelsen, 2017)  (Bandelin, 2017) (SAE 

Global Standardization, 2017) 

Qualitative method was used to acquire information (Magne Holme & Krohn 

Solvang, 1997). 

2.1.5 Design regulations 

National rules and regulations for amateur-built vehicle are issued by 

(Transportstyrelsen, 2017) (SFRO, 2017) (Ulander et al, 2015) (Ulander & 

Hoffman, 2012) (Ulander & de Barone, 2015) 

2.1.6 Competitive intelligence 

International, regional, and industrial standards to achieve the state-of-the-art was 

discussed in an interview with (Karlsson, 2017). Links to the most interesting 

competitors are described in Appendix 3, and range at lowest costs of EV passenger 

cars by (Söderholm, 2017). Patent Searches were made at the patent database 

provided by (Espacenet, 2017). 

2.1.7 Development of a viable conceptual design 

Several aspects need to be considered when first approaching the task of creating a 

viable design to work with. These topics have been summarized in safety-, 

reliability-, and structural oriented aspects. 

Safe concept: If the resulting product should have any aspiration to become a viable 

part of the vehicle, making certain that proper safety measures are considered when 

designing the concept is crucial. As this is an electric vehicle, it is important to 

know which regulations and guidelines there are for designing a safe environment, 

and sources on this topic is being treated by (Ulander & Hoffman, 2012) (Daniels 

Training Services Daniel Stoehr, 2016) (Magnusson, 2017) (Cell Power, 2014) 

(Cornell Univerity Law School, 2016) (Biltema, 2017) (Biltema's Customer 

Service, 2017). Load distribution in collisions are explained by (Horvath, 2010). In 

case of an impact accident, certain pre-emptive measures should be taken to protect 

the user. Crash tests required for automobiles sold on the European market is 

comprehensively covered by (Carhs, 2014). 

Reliable concept: A key element when wanting to ensure that the guidelines for the 

design are appropriate and will prove optimal is to take advantage of both 

topological and parametric optimization, starting off with the topological approach. 

There are several ways to approach topological optimization, both through CAE 

software such as Inspire, and by more by-hand calculated methods described in 
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(Eschenauer & Schumacher, 1997). The following topic called Parametric 

optimization’s applications and uses are described by (AIACC, 2012). 

Structured concept: As the decisions made for the project needs to have a sound 

motivation which can easily be traced back to and discussed and/or altered, making 

certain that a solid design methodology is being followed. The tools and ideas 

provided by (Ullman, 2015) serves as a foundation, with additional external sources 

backing some areas by (Magne Holme & Krohn Solvang, 1997) (WebFinance Inc., 

2017).  

2.1.8 Verifying the design 

Once the design has been decided, certain level of proof for the functionality of the 

concept should be presented. This can be done in several ways. The general load 

cases and force calculations that could be carried out by hand was supported by the 

comprehensive guide from (Björk, 2014) together with the software Mathematica 

10. Certain load cases were tested and presented by different CAE-software. To get 

a reference of how this best was conducted, a publication of FEM testing of a 

chassis design was studied (Olofsson, 2015). 

2.2 Chosen topic  

2.2.1 Development of the Automotive Industry 

Building a vehicle is nothing new, but vehicle leaves a footprint of requirements 

from its era, e.g. electrical vehicles. Vehicles has become more complex to build 

due to modern standard and new customer expectations. Increasing number of 

vehicles in the traffic demands higher safety for everyone and imaginative public 

roads. Creating a vehicle is not an achievable mission for one person or a small 

team to accomplish anymore. The following are introduction to vehicle 

requirements and vehicle chassis design. 

The automotive industry has developed from technologies from the past three 

centuries linked to Thomas Newcomen’s steam engine in 1712. Richard Trevithick 

used a double-action steam engine in a vehicle for transport of several people in a 

mine in Cornwall at 15 km/h about 1800. In 1803 Trevithick built the first 

locomotive. (Barnett et al., 1985) 

Important innovations as the steam engine and the lead accumulator stimulated the 

early development of the automotive industry as well as other industries. The 

product development in different industries are also important for progress 

influencing each other mutually and the technical development in the society. This 

is possible and simultaneously dependent on the technology advancement within 

development of materials, joining methods, processes, and surface treatments to be 

able to release and sell attractive products, to finance the business and new 

development projects. 
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There are also economic and political aspects affecting the development of vehicles. 

The great depression, and the Second World War had great impact. The winning 

parties from the Second World War put pressure on the losing ones, resulted in 

industries, e.g. the aviation industries were prevented building aircrafts, and began 

manufacturing automobiles and motorcycles. The Germans generated new 

groundbreaking solutions within motorcycles that impacted the development within 

Europe. (Carroll, 1997) (Wilsson, 2006) 

The following examples demonstrate the importance of development of these early 

vehicles that weighed several tons with time weigh several hundred kilograms. 

From amusement used by a few to a diversity of functional, reliable, and safe means 

of transportation for everyone. The development shows that economics, safety, and 

environment are essential factors to consider as well as that the vehicle fits into the 

customers’ lifestyle. 

Contemporary technological developments within locomotives, bicycles and 

firearms strongly influenced the inventors that replaced the horses and used the 

horse carriages and Civil War artillery wagons as chassis and bodies for the 

prototypes. The first motorcycles were typically bicycles with small engines. The 

engines were either attached between the wheels, to the front or rear wheel, or as 

utility or Snap-On (e.g. Smith Motor Wheel- motor mounted on a wheel acting as 

a third wheel). Motorcycles were made with passenger seat in front or back, or in 

the immediate back, or not at all. Within the first decades in the 20th century, the 

fuel tank was mounted on the upper frame tube, the motor beneath with gearbox 

behind the motor.  Different vehicles are created using steam, electricity, gasoline, 

diesel, kerosene, coal and wood gas. (Elg, 2005) (Barnett et al., 1985) (Hansson, 

1996) (Carroll, 1997) (Wilsson, 2006) (Summers, et al., 2012) 

The first car used for transportation on roads was a three-wheeler built from a two-

seat horse carriage with the 0,88 hp motor beneath the seat and with the two front 

wheels replaced by one wheel for easy turning and control with a top speed of 12 

km/h made by Carl Benz in October 1885, with patent in 1886 (Elg, 2005). 

The brothers Ernest and Pierre Michaux patented the very first motorcycle with a 

steam engine behind the saddle. Speed 15 km/h. Gottlieb Daimler tested his 

gasoline engine 900 rpm on a two-wheeler of wood in 1885 before he used it on his 

car 1886. Albert de Dion and Georges Bouton tested their 1 ¼ hp motor with 1500 

rpm and 20 kg on a three-wheeler of 100 kg in a speed race in 1896 and won the 

distance of 1120 km Paris-Marseille-Paris with the average speed of 22,5 km/h. 

(Barnett et al., 1985) 

The electrical cars were built in the 1880s thanks to the inventor of the lead 

accumulator Gaston Plantés. Even if the carriage weight was heavy, of 

approximately 500 kg, the top speed was 100 km/h. On one charge, with a speed of 

20 km/h the range was 150 km. Charging was time consuming and the battery had 
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a life time of three years. The benefits the gasoline cars phased out the electric cars 

within the next five decades. (Hansson, 1996) For ranges of modern electrical 

vehicles, EV, see Appendix 4. 

In the world’s first car race in 1895 at the distance Paris-Bordeaux-Paris 1190 km, 

Emelie Levassor drove the fastest car with Daimlers Phenix motor designed by 

Maybach, a motor with two cylinders casted within the same block provided with 

Maybach’s latest carburetor. The four gears were enclosed with in a box with a 

differential to the rear wheels with double drive chains for each wheel. The 

Michelin brothers used air rubber rings on their car wheels. (Elg, 2005) 

In 1896 Frederick Lanchester made the first self-supporting car body and regulated 

the speed of the car by using epicyclic gear train. Later in 1902 he used disk brakes 

instead of activating blocks around the wheel hub. (Barnett et al., 1985) 

Renault A had a shaft drive, a rear axle with differential and three-gear transmission 

with reverse gear in 1899. (Elg, 2005) 

The wealthy customers influenced early body design. Steel plates was pressed in 

Daimlers new car Mercedes in 1901. (Barnett et al., 1985) (Elg, 2005) 

Cars were equipped with only rear-wheel brakes and commonly used in the 1920s. 

In 1903, the Dutch company Spyker made a car with brakes on all four wheels and 

the first car with a sturdy six-cylinder engine for a four-wheel drive. (Barnett et al., 

1985) 

Prior to World War One, the cars were mainly manufactured by hand of sheet lined 

wood. It was expensive and time consuming. In 1914 Budd Company in 

Philadelphia released the Dodge entirely made of steel which made the car stable, 

cheaper and lighter. (Barnett et al., 1985) This steel was low carbon steels with the 

desired combination of strength, formability, cost and design flexibility. (Horvath, 

2010) 

2.2.2 Safety and Environment 

Development of automobiles and increasing number of vehicles was a revolution 

for society and caused new situations and problem solving. Later, the American 

government implemented regulations for safer and more environmental cars in the 

1970s due to the increasing number of vehicles on the roads that had led to rising 

death tolls, air pollution, and waste of energy. These rules concerning exhaust 

cleaning, robust bodies with crashworthiness shock absorbing deformation zones, 

linked or collapsible steering columns and seat belts also applied on imported cars 

and all automakers in the world had to abide by them and be responsible for the 

design. These regulations combined with the oil crisis 1973-74 stimulated new 

development of electric cars but the range was still about 65 km. (Barnett et al., 

1985) (Horvath, 2010) 



12 

 

2.2.3 Chassis Design Types 

The automobiles had different types of designs; BOF, body on frame, the body and 

skin panels were built on frames allowed easy change of design and yet preserve 

the unique artistic idiom within the brand at low cost. BFI, body frame integral, 

when the body and frame was designed as one system as the cars became smaller 

in the 1960-70s, and early use of high strength steels without satisfactory forming 

processes for new designs prolonged the use of low carbon steels and keeping only 

vital details in high strength steels. (Horvath, 2010) 

In BOF, the body is attached to the frame with flexible mountings so adjust 

movements between the body and frame when the car is in motion. The wheels, 

engine, suspensions, and transmission are attached on the frame. The body consists 

of different plates on rails, roof on side frames with openings for doors and the 

windscreen, creating an engine area and passenger compartment, for assembly of 

gearbox, lights, etc. Integral, BFI, is inspired by the aircraft industry to reduce 

weight while increasing strength. The floor is made of sections, channels, boxes 

sections, rails, and reinforcements. (Sivaraman, 2016) 

Until the mid-1930s torsion and road loads was not considered because it was not 

yet fully recognized and understood. The frame structure at that time was stiff and 

the wooden body flexible. The frame was a flat ‘ladder frame’ with a structure 

called ‘grillages’, i.e. two long longitudinal open sections connected by lateral open 

sections riveted in 90 ̊ joints. Ladder frames are still used today in different vehicles, 

e.g. SUVs and heavy goods vehicles. (Corolla, 2009) 

Development of the body made of steel increased the stiffness and the load transfer 

between the frame and body caused damage to the mounts which led to a change 

into flexible mountings of elastomer. This was the start of the modern integral body 

(BFI). (Corolla, 2009) 

As the chassis development proceeds, the stiffness increases, see Table 2.1. 

Development of the flat ‘ladder frame’ led to a cruciform-braced chassis frame with 

a cross-shaped brace of open sections, which increased the torsion stiffness., see 

Appendix 5.  Backbone is another type of frame structure made of closed square 

tubes and triangulation of small section tubes with shear in the walls. The tubes of 

thin-walls increase the torsion stiffness and in combination of the small section 

tubes with several joining points serves a good contribution the stiffness in different 

directions within the structure. Triangulations is also used in frames for sportscars 

and for roll cages with triangular structure outside the ‘bathtube’- chassis. 

Triangulation has low tooling costs but is time consuming manufacturing suitable 

for low batches. The monocoque uses the load distribution like a closed box using 

the aircraft ‘stressed skin‘-construction with the outer skin acting as body surface 

and structure at the same time so the access opening needs reinforcements.. The 

structure type is not very common but are used in Formula 1 racing cars with engine 
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and gearbox being a part of the structure. The punt or platform structure is often 

made of sheet metal with large closed floor sections like the grillage but with high 

torsion and bending properties. It is used usually for small series but can be used 

for large series of cabriolet or convertible versions of sedans produced with integral 

structure. The perimeter space frame, “birdcage’ is useful for production using 

small section tubes and extruded beam sections or cast aluminum with welded 

nodes or joints with outer skin building an integral structure. Integral or unitary 

body structure is a pressed steel sheet metal body. It is the most commonly used 

structure of modern cars with the first mass production in 1934 of the Citroën 11 

CV. The integral body is a combination of the monocoque and birdcage’. (Corolla, 

2009) 

Structure type Torsion stiffness [Nm/deg] 

‘grillages’  

Cruciform-braced chassis frame 

(Lagonda V12, Booth in 1938) 

1000 – 1750 

(>2000) 

Backbone  

Triangulated tube 

(with roll cage) 

 

(Up to approx 10 000) 

Monocoque 30 000 - 

Punt or platform  

Perimeter space frame or ‘birdcage’ frame  

Integral or unitary body 

Early models 

Modern sedans 

Modern luxury vehicles 

 

3390 – 

8000 – 10 000 

12 000 – 15 000 
Table 2.1 Torsion stiffness in different vehicle structure types (Corolla, 2009) 

In passive safety feature Porsche explains that their SUV ladder frame provides the 

structural support while the structural body part is not as significant to the structure 

as the body structure in an integral structure. (Bell, 2017) 

Single hollow extrusions have superior properties at low cost compared to other 

materials forms for prototype or niche cars in automotive applications due to 

beneficial cross section design possibilities to include additional functions. 

Increased stiffness also increase the structural weight. (Kleiner, et al., 2014) 

Dimensioning of the structure design depends on structure design type, chosen 

components, total vehicle weight, weight of chosen components (motor/drive unit, 

wheel, etc.), load distribution in the structure, materials selection, width and grip of 

tires, engine power and torque, and use of the worst combination of different load 

cases. Vehicle with high torsion stiffness has in general better road holding is more 

comfortable and more predicable in handling turns and in deceleration. Ageing 

affects the vehicle stiffness decrease in case by rust or other damages, especially 

exposed are structures made of elements with thin walls. Sufficient torsion stiffness 

is when street vehicles has at least torsion stiffness of three times the vehicle weight 
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and for high performance or race vehicles have torsion stiffness with the least six 

times the vehicle weight. As torsion stiffness below three results in very poor 

driving characteristics manufacturer incorporate much higher torsional stiffness in 

ordinary street cars. Most commonly used frames types in amateur built vehicles 

are beam frame (‘grillages’), tube frame (triangulated tubes), and monocoque, or 

self-supporting body. It is not recommended to use racing frames in an amateur 

built vehicle because the design is made for a short and limited lifetime. Monocoque 

is the most complicated structures to build and is rarely ever used. It is difficult to 

build a tube frame. The difference between a good and a poor tube frame is greater 

than the difference between a good and a poor beam frame. Often something 

collides when building using a tube frame structure, and yet it seems to be the only 

way to build motorcycles and trikes. It is essential to use triangulation. Cross, V- or 

Y-shapes can replace triangulation were needed and different profiles can be mixed 

within the same structure. Location of wheel suspensions needs to be triangulated. 

Behind the bulkhead and the seat there needs to be a stiff panel made of crossing 

tubes or a thick plate. At places where tubes meet within the structure it is 

beneficially to add plates with holes functioning as brackets. Then the plates 

distribute the loads on a larger surface. Using circular tubes is beneficial in case of 

lateral impact due to better load distribution capability compared with using square 

tubes. For motorcycle frames, tubes with 25-32 mm in diameter with wall thickness 

of 2-3 mm is usually used, and for center post and tank tubes, 38-45 mm in diameter 

with wall thickness of 3-4 mm. The tubes must have high yield strength and tensile 

strength, be weldable, and ductile as normalized hydraulic pipes, e.g. EN 10305-1 

E355+A or EN 10305-1 E355+N. (Ulander et al, 2015) 

Recommendations of dimensions and strength, see Table 2.2. 

Structure 

type 

Dry 

weight  

[kg] 

Engine DIN Dimension 

h x w x t 

d x wt 

[mm] 

 EN Yield 

strength 

[N/mm2] 

B
ea

m
 f

ra
m

e 

‘g
ri

ll
ag

es
’ 

Max 

750 

130 hp 

 

2395 HBT 

100 x 42 x 2 ST35 

1
0

3
0
5

-5
 

> 235 

Max 

900 

Max 200 hp 

< 200 kg 

 

100 x 50 x 4 ST52 > 350 

> 900 > 200 hp 

 

> 100 x 50 x 4 ST52 > 350 

T
u

b
e 

fr
am

e 

(T
ri

an
g

u
la

te
d
 

tu
b

e]
 

 

Locost Volvo 

B21- B23 

25 x 25 x 2 ST35 > 235 

No recommendations 2391 - 

25 x 2 
ST35 

1
0

3
0
5

-1
 > 235 

ST52 > 350 

30 x 2 
ST35 > 235 

ST52 > 350 

Others No recommendations 

Table 2.2 Recommendations (Ulander et al, 2015) 
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The structure type ‘punt or platorm’ was an inspiration in the development of the 

sheet metal chassis for the Ecoist vehicle. 

2.2.4 Materials within the Automotive Industry 

Without suitable forming processes in the 1960-70s for the new vehicle designs 

research initiatives led to the high strength steels became divided into different 

categories; HSS, low carbon steels and conventional high strength steels, and the 

other categories that share some physical and metallurgical properties: AHSS 

advanced high strength steels, IF, interstitial free steels for stamped complex 

features commonly used today, and TWIP, twinning induced plasticity, and L-IP, 

lightweight steels with induced plasticity. TWIP and L-IP is the lasts contribution 

to the high strength steels and has a combination of very high tensile strengths and 

excellent ductility. (Horvath, 2010) 

Light alloys, e.g. aluminum and magnesium, and polymer matrix composites are 

replacing low carbon steel in automobiles for weight reduction and safety, 

durability, processing, joining, recycling and cost. (Mallik, 2010) 

The American Iron and Steel Institute have information about steel used within the 

automotive industry. The steel qualities can be found in Autosteel. The info is 

available online in the Steel NetWork. For Autosteel, see in the menu ‘The Steel 

Networks’. (The Steel Network, 2017) 

SSAB is a global steel manufacturing company with customers in different 

industries and have an excellent homepage with technical, design and development 

support, and download center for customers for various purposes. SSAB has a 

philosophy to integrate the customer in the design process and distribute high class 

design handbooks for static and fatigue design, and buckling (Kuoppa et al., 2011), 

welding, shaping, etc. available online, but are also possible to aquired as physical 

books. 

 Design handbook 

 Forming handbook 

 Joining handbook 

 Welding handbook, Welding of AHSS/UHSS 

In amateur-built vehicles, vehicle frames must consist of material with a yield 

strength higher than 200-225 N/mm2 with tensile strength above 300-325 N/mm2 

with elongation of minimum 10 %. For suspension arms 20 % is preferred. Hollow 

sections 100 x 50 with 3.0, 3.6, or 4.0 mm wall thickness with yield strength 355 

N/mm2 are frequently used because it has a suitable combination of good 

weldability, ductility, and strength. Materials for a tub frame (triangulated tube) 

structure type needs to be weldable and ductile with a tensile strength of at least 

300-325 N/mm2. In some cases, weaker materials can be used, e.g. EN 10305-2 

E155+SR and EN 10305-2 E195+SR. (Ulander et al, 2015)  
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Recommendations of materials and strength, see Table 2.3. 

  Steel 

grade 

Delivery condition 

  +SR, Cold drawn and 

annealed 

+A, Annealed +N, Normalized 

Material EN Steel 

symbol 

Tensile 

strength 

[N/mm2] 

Yield 

strength 

[N/mm2] 

A 

[%] 

Tensile 

strength 

[N/mm2] 

A 

[%] 

Tensile 

strength 

[N/mm2] 

Yield 

strength 

[N/mm2] 

A 

[%] 

Seamless 

cold 

drawn 

steel 

tubes 

1
0

3
0

5
-1

 E235 - - - 315 25 340 - 

480 

235 25 

E355 - - - 450 22 490 - 

630 

355 22 

Cold 

drawn 

steel 

tubes for 

precision 

applica-

tions 

1
0

3
0

5
-2

 

E155 350 245 18 - - - - - 

E195 370 260 18 - - - - - 

E235 - - - 315 25 340 - 

480 

235 25 

E355 - - - 450 22 490 - 

630 

355 22 

Calibrated 

steel 

tubes for 

precision 

applica-

tions 

1
0

3
0

5
-3

 

E235 - - - 315 25 340 - 

480 

235 25 

E355 - - - 450 22 490 - 

630 

355 22 

Table 2.3 Standards used for steel pipes (Ulander et al, 2015) (Tibnor, 2017) 

2.2.5 Automotive Design 

Literature refer to four wheeled automobiles but can be applied to three wheeled 

vehicles as well.  

Automobiles are exposed to loads in normal maneuvering on uneven roads. Weight 

of components on the frame cause bending, torsion, combination bending and 

torsion, lateral loading, fore and aft loading. (Chawla, 2011) 

The structure with in the vehicle design needs to maintain the shape and manage 

the different loads on it with regards to strength and stiffness. Overload or fatigues 

may result in loss of function. Immediate failures might happen when overstressing 

components beyond the elastic limit, buckling of items in compression or shear, or 

failure of joints. The stiffness of the structure affects its handling and vibrational 

behavior due to deflections effects the build-in functions within the vehicle. 

Different load cases apply different local loads on different components within the 

vehicle, so the load cases require different stiffness definitions. Low stiffness and 

uneven mass distributions cause vibrations. The structural performance of the 

vehicle is influenced by bending and torsion stiffness. Early estimations of stiffness 

can be achieved by using e.g. the finite element method when using the best 

structural frame with continuous load paths through the layout of structural 

elements with the designed panels, sections, and joints. (Corolla, 2009) 
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Design for stiffness increase the structural weight. Structures designed for 

absorbing crash energy by deformation are only designed for strength. (Kleiner, et 

al., 2014) 

Weight savings are considered in design and material selection because it affects 

comfort and safety. There is the possibility to design for smaller engine, 

transmission, and breaking systems, and equalize the mass distribution between the 

axles and lowering the vehicle’s center of gravity which in all contributes to 

improved vehicle handling and reduced need of energy for transportation. (Mallik, 

2010) 

“Designing an automobile considering functions of all parts and the requirements 

that modern vehicles must meet is extremely complex” when architectural design, 

energy management and efficient part designs are important. (Horvath, 2010) 

In the automobile industry weight reductions can be made through material 

substitution by 10-30 %, and when choosing aluminum instead of steel by 50 %. 

(Horvath, 2010) 

Designing a vehicle structure within a restricted area starts with distribution of loads 

and crash energy on parts and subsystems. The available space for load carrying 

determines the efficiency of the design. (Horvath, 2010) 

A vehicle body structure consists usually of 40-50 major components and contains 

usually 400-450 parts. (Horvath, 2010) 

2.2.6 Collision Tests 

“The primary load path for energy from a front-end collision is through the bumper, 

to the motor compartment rails, the engine cradle and underbody side rails.” The 

design needs to be made with respect to the deformation from the energy absorption, 

to be able to form fold as they axially crush “like an accordion”, with exception of 

the underbody side rails for safety due to the area of passenger compartment. 

(Horvath, 2010) 

In a side-collision the load direction transfers through the inner parts of the 

structure, the major parts: the center pillars, the rocker outer and the roof rails. For 

passenger safety, it is desirable to design these major parts for transferring loads 

into the underbody by modifying material and section strength. (Horvath, 2010) 

In a rear-collision the load direction is through the rear bumper and longitudinal 

rails, the longitudinal rails need to provide passenger safety and “protect the fuel 

tank from high loads, deformation, and ultimately, from the potential loss of fuel.” 

(Horvath, 2010) 

In a roll-over the upper and side structure protects as they do in side impacts, but 

here the high strength roof side rails and center pillars “prevent collapse of the roof 

and protect interior passenger space.” (Horvath, 2010) 
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2.2.7 Manufacturing Methods 

Manufacturing methods for the high strength steels: 

 Forming 

 Stamping commonly used for low carbon steels and deep draw. High 

strength steels work hardens quickly making pre-forming difficult so parts 

are formed to the final shape.  

 Bending 

 Roll forming 

 Press hardening (die quenching) for safety parts 

 Hot forming (hot stamping) 

 Hydroforming 

(Horvath, 2010) 

Novel steel manufacturing processes provides lower impurities, as vacuum 

degassing. New alloying techniques and enhanced heat procedures offers a broad 

diversity of strength and ductility, as continuous annealing, with improved surface 

qualities and more uniform sheet steels properties. (Mallik, 2010) 

Pipe bending machine and laser measuring equipment facilitates construction of 

vehicle frames. (Ulander & Hoffman, 2012)   

2.2.8 Joining Methods 

Most common joining methods within automotive manufacturing are spot welding, 

adhesive bonding, laser assembly welding, and MIG welding. (Horvath, 2010)  

The methods spot welding and locally clinching and laser welding also occurs. 

(Corolla, 2009) 

Screws, rivets, clips, plugs and hooks are used in different applications. (Jingnesh 

Steel, 2014) 

Special screws are developed for aluminum plates, FDS screws, for lightweight 

structures, by piercing and extrusion forming threads leaving the excessive material 

acting as a nut. (Claus, 2017) 

Amateur-builder usually use many of these methods, or at least encounter some of 

them during the progress of the vehicle building. A builder must abide the joining 

method guidance’s stipulated by the SFRO regarding welding and fastening.  

Torsional stiffness and durability are dependent on well-executed welding with 

adequate welding equipment and the following general instructions needs to be 

considered. In most cases the a-measure must equal 1.5 times the wall thickness. 

The welded joint should have complete heating and tubes welded together should 

preferably have suction fit. It is not allowed to weld tubes together with distances 

greater than the wall thickness. All welded joints must have joint preparation for 
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wall thicknesses of 2 mm or larger. All self-manufactured load carrying details 

within in the vehicle must be documented, i.e. how the welding operation is 

executed is as important as specifying the dimensions of the materials, steel quality, 

weldability, yield- and tensile strength. Documentation of the frame has to include 

use of jig, and name of the builder with personal identity number or social security 

number. The welding machine must be of good quality to ensure the required 

welding quality and the additive welding materials must have at least the same yield 

strength as the parent material. MIG-MAG are good welding methods for most 

materials and use TIG for high strength materials such as E355 with tensile strength 

of 355 N/mm2 and chrome molly (chromium molybdenum alloy that is stronger and 

harder than stainless steel with tensile strength of at least 580 N/mm2). Tubes with 

a thickness of 2 mm or thinner are more difficult to weld than tubes with larger 

thickness due to thin-walled tube structures deviates and moves when welded, it 

can be difficult to maintain the required current to avoid burning holes in the goods. 

Blind(Pop)-riveting is complementary to a strong construction because the rivets 

can loosen with time due to vibrations. Avoid riveting and adhesives in load-bearing 

structures as the purity and performance requirements are very high and the control 

of the results is difficult to make. As riveting and bonding methods develop, they 

can over time replace welding. (Ulander et al, 2015) 

These screw joint instructions are used to facilitate vehicle design based on long 

experience on problems that do arise amongst the different builders. It is important 

to use the right grade of strength for the intended purpose. With different thread 

systems and different strength property classes, the nut and screw need to match for 

the function of the screw joint. Head marking of screws and nuts is to ensure that 

the right combination of thread type and property class is used. Labelling systems 

vary between the different thread systems, see Table 2.4. 

Metric Screws Metric Nuts Inch Threads, number of dashes, dots, and triangles 

4.6 4 0 

8.8 8 3 

10.9 10 6 

12.9 12 9 
Table 2.4 Strength Property Classes (Ulander et al, 2015) 

Selection od drive designs, and screw and nut designs is important for available 

area off attachment and use of appropriate tools, together with thread length and 

screw length, width, and height of the screw- and nut head. Thread system is defined 

by whether it is a right or left thread, internal or external thread, measuring system 

(units, i.e. mm or inch), diameter, major and minor diameter, shape of the thread’s 

profile angle, top and bottom, and pitch. It could also be defined based on inner and 

outer pipe diameter to which the thread is to be attached, or whether it should be 

straight or conical. Head marking systems vary between different thread types. 

There are national and international thread systems created during different periods 

in history as well as for different purposes. 
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Common threads within vehicle construction: Whitworth, British Standard Fine, 

Cycle Engineer’s Institute, British Association, British Standard Pipe, Unified 

Coarse, Unified Fine, Unified Extra Fine, ASME, American National Coarse, 

USST, SAE, American National Fine, Dry Seal, NPT, NPS, NPTF, PTF-SEA, PTF-

SPL, NPSF, NP-SL, DIN, ISO, SF, SI. 

A thread can be identified by checking whether it is right- or lefthanded, measure 

the top angle and profile using a thread gauge, measure the pitch, i.e. the gap 

between the thread peaks, with a thread gauge for mm and one for inches, and 

finally by measuring the outer diameter of the screw or the inner diameter of the 

nut. Nuts can be difficult to measure. By screwing in a corresponding screw that 

has a good condition, it should be easy, without excessive clearance/play. 

Avoid mixing different thread systems within the same vehicle because of the risk 

of threads being destroyed if the wrong screw is fitted and the strength might be 

considerably reduced or completely lost. Never ever use used screws as there is a 

risk of excessive tightening torques deforming and extending the screws, making 

them narrower and weaker. 

A tightening torque can vary greatly for the same dimension and strength property 

class. The correct tightening torque depends on whether the screw is dry or 

lubricated, the screw’s surface treatment, and the friction of the material in which 

the screw is to be attached. Ideally, the torque should be below the yield strength of 

the screw and then the screw becomes self-locking due to the friction in the thread. 

The smaller part of the tightening torque is used to overcome friction in the thread 

and between the contact surface and the base 

 Stainless steel has high friction that requires a large torque to cut the thread when 

using an impact wrench. Use low torque when using light metal screws, the shinier 

a screw is the lower the torque (however, this is not applicable for stainless steel 

screws) and use hard flat washers under screw head and nut. 

Use rather several small screws instead of a few rough ones. At all times, avoid cut 

new threads on a screw because they become much weaker than the screw’s own 

threads that are roll-pressed. Use nuts rather than threaded holes. 

When threading a hole in aluminum, a thread insert (type Heli Coil) should be fitted. 

It is good to cut threads with a lathe but it requires great skill and should preferably 

be carried out by a very skilled professional. 

Always use the intended thread lubricant for the metal when threading or cleaning 

of the threads. Torque wrenches often have poor precision in the lower and upper 

range of the measuring scale, especially in the lower measuring range. (Ulander et 

al, 2015) 
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Long experience within the amateur-built vehicle design, SFRO have 

recommendations of fastening elements, see Table 2.5. 

Fastening 

elements 

Reason Conclusion 

Test screws 

and nuts from 

remote 

countries 

Screws and nuts from remote 

countries man have false 

head markings. 

Avoid accidents due to greedy screw 

manufacturers. 

Screw and nut Use strength property class 

8.8 or higher for vehicles. 

 

Screw and nut 

of stainless 

steel 

Not suitable for heavy loaded 

items in vehicles. 

The yield strength is 65-70 % of the tensile 

strength. The screw cannot be tensioned as 

much as a screw of 8.8. 

Locking of 

screw and nut 

For important screw joints 

such as wheel suspensions. 

The biasing force decreases during stresses 

caused by vibrations, dynamic loads, 

temperature variations and subsidence. 

Castle nut with 

cotter pin 

To be able to use the same 

lock nut several times for 

need to separate the screw 

joint and put it together 

frequently. 

Very reliable. 

Securing plate For screws, however not for 

high strength screws stronger 

than 8.8. 

Very reliable. It is a safe method to use for 

securing plates with thicknesses 0.7-1.0 mm. 

Locking nut Screw Reliable. Squeezes around the screw. 

Nord-Lock 

locking 

washer 

Underlying material, screw, 

and nut. 

Reliable. Grabs the underlying material, and 

the screw and nut surfaces. The inside clamps 

have a pitch that is larger than the thread of the 

screw. 

Locking wire Screw Requires accuracy. Mounted stretched so that 

the screws do not loosen. 

Locking fluid Screw Requires accuracy. Works if the threads are 

clinically clean, e.g. Loctite. 

Split nut Screw Uncertain. The two nuts may risk locking and 

then act as one nut. 

Spring washer Screw Unreliable. Very uncertain locking method and 

should be avoided. 
Table 2.5 Recommendations regarding fastening elements (Ulander et al, 2015) 

2.2.9 Surface Treatments 

Improved corrosion resistance is available with zink alloy coatings with iron or 

nickel with new methods of applying them as electro-deposition. Supreme 

corrosion resistance and formability, as well as weldability of coated sheet steel can 

be obtained by galvannel. For reduction of noise and vibration control, laminated 

sheet steel outer skins and thin viscoelastic constrained layer can be applied. 

(Mallik, 2010) 

2.2.10 Design of Electrical Vehicles 

There are guidelines for amateur built electrical vehicles in Sweden, but no specific 

rules as previously mentioned in the section on limitations. The guidelines apply 

for electrical vehicles and converted vehicles for electrical or hybrid drive.  
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In electrical driven vehicles, there are other risks that needs attention compared to 

conventional combustion engines, but the overall vehicle design follows the same 

fundamental principles except for the brakes, steering and weight distribution, and 

that considerations the must be taken in to account with respect to electrical design, 

electrical safety, and designs for batteries. 

Isolation between the chassis and the high-voltage system must be sufficient for 

personal safety, for example mechanically secure screw joint secured against 

oxidation in e.g. acid-free fat. Identification and display information of the type of 

installed battery chemistry and system voltage used in the vehicle is needed. 

Warning signs protects third parties, e.g. see figure below 1 - fire hazard, 2 - battery, 

3 - head lock, 4 - explosion hazard, 5 - gas tank, 6 - hazardous electrical voltage, 7 

-disconnection. High quality decals withstand ageing, detergents, UV-light, and 

rinse fluid.  

Warning signs (Ulander & Hoffman, 2012) 

To assemble and mount, fastenings of batteries in a secure location requires 

considerations in electrical, chemical, and mechanical safety. Assurance of good 

ventilation in work with electrochemical energy-stored batteries minimize health 

issues related to leakage of corrosive substances or by-products created during 

loading and discharging, see Appendix 6. Gas evacuation tube outside the passenger 

compartment prevents risk of explosion when hydrogen concentration exceeds 4 % 

in case of battery overload and increasing cell heat. 

The batteries must be secured in acceleration and retardation, even in accidents. 

Uncontrolled movements of batteries within the passenger compartment must be 

avoided. The inside of the passenger compartment must never encounter corrosive 

electrolyte, not even in case of spinning or roll-over in accidents. One guideline is 

that the fittings must withstand at least 2.5 G load if the battery is outside the 

passenger compartment. If it is in the passenger compartment, the fasteners should 

handle 20 G horizontally and 4.5 G vertically, see Table 2.6. 
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Battery 

Fittings must withstand 

Load [G] 

Horizontal Vertical 

Passenger compartment 
Inside 20.0 4.5 

Outside 2.5 2.5 
Table 2.6 Load on batteries, guideline (Ulander & Hoffman, 2012) 

It is important to consider the environmental impact by the magnetic fields. 

The vehicles should be designed for electromagnetic compatibility (EMC), so they 

do not interfere with other machines. Components should be certified according to 

the EMC Directive. 

(Ulander & Hoffman, 2012) 

For the range of 90 km, the Ecoist will be equipped with three lithium batteries in 

the front part of the vehicle and one lead accumulator 12 V 18 Ah in the rear part. 

In this early version, three sealed lead acid batteries, 12 V 75 Ah are used for a 

shorter range of 40-50 km according to the product owner, see Appendices 7 and 8. 

The driver is protected within the compartment with the new design regardless of 

strain exposure on the batteries. The driver can observe the high voltage 

components through protective Hammerglass shields and malfunctions can easily 

and swiftly be detected for actions by authorized personnel. Warnings signs are to 

be attached to the transparent Hammerglass inner surfaces. 

At this point, it is uncertain whether the battery attachments within the vehicle will 

be sufficient in case of an accident or not, and if the batteries will be unaffected and 

remains intact. 

2.2.11 Business Strategy 

The goal of this thesis is to provide SirGomez Engineering AB with opportunities 

and design that enables the Ecoist to be a competitive vehicle within same price 

range as the competitors in the future. 

The project owner has excellent professional engineering skills and want to take the 

step from amateur-builder to manufacturer even though his company not yet has a 

quality management system. 

The manufacturing of the vehicle frame will be made by a small series of 10 – 20 

vehicles intended for customers in the Swedish market. The project owner has 

chosen Weland AB as the supplier for the manufactured parts to the Ecoist. Weland 

AB is a supplier to customers within different industries. 

General information at https://www.facebook.com/Ecoistvehicle/ (Koch, 2017) 

2.2.12 Partners and Subcontractors 

The available production methods presented by the subcontractors, including 

joining methods, that were relevant for the project are: 



24 

 

Shaping 

 Laser- and waterjet cutting 

o 2D- and 3D laser cutting 

 Bending 

 Rolling 

 Punching 

 Drilling 

Joining 

 Welding 

o Spot- and MIG welding 

 Adhesion-free 

o Bolt and nut, rivets 

2.2.13 State-of-the-Art within the Automotive Industry 

Standards is a good way of exploring the state-of-the-art. There are no valid 

standards of motorcycles in Sweden anymore because of the shift in the automotive 

industry from working with national standards into European Regulations and other 

international regulations. 

International standards can be found at 

 www.iso.org 

 www.unece.org 

 www.globalautoregs.com 

There are no activities yet on electrical driven motorcycles on www.iso.org. 

(Karlsson, 2017) 

2.2.14 Competitor Surveillance 

The product owner has a vast network of colleagues in different companies and 

amateur-builders of many kinds of vehicles, and distribute most of the time in 

competitor surveillance at vehicles fairs and exhibitions.  

In design within this thesis it has been useful to study different electrical vehicles 

that has reached the market and those that have not, see Appendix 3. There are 

different types of vehicle categories for various purposes and price range. The 

Ecoist vehicle has a range of 90 km and might be a very interesting environmental 

friendly choice for customers second alternative means of transportation. Electrical 

driven passenger cars have longer ranger, see Appendix 4.  

2.2.15 Patent Searches 

The first considered automobile patent, the Carl Benz “Patent-Motorwagen” was 

applied in 1885 and granted in 1886 (Elg, 2005). 
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The first motorcycle patent on an operating product was a patent of a steam-

powered engine, L.G. Perreaux “velo-a-vapeur” in 1886 when developing Ernest 

and Pierre Michaux motorcycle. (Kristin Palm Advamed, Inc, 2017) Another source 

claim that the patent was granted on the 16th of March in 1869, but Louis-Guillaume 

Perreaux continued improving his engine until 1885. (Châtenay, 2009)  

These old patents are difficult to be found in European or US patent databases since 

all data is not yet logged from that period. With specific information, e.g. the name 

of the inventor, patent application filing date, the chances of finding information 

increases.  

Within CPC class B60 for performing operations; transporting in Espacenet more 

than 10 000 patents are found for ‘chassi*’ or frame’ and 247 results for ‘vehicle 

frame assembly’ and 147 results for ‘three wheeled vehicle’. The patents describe 

different type of frames, frame assembly methods, and trikes, see Table 2.7. 

The patents would become useful to study when developing the existing tube frame 

in replacing the tubes with sheet metals. 

As this project progresses, the focus changes, by the product owner, from a 

manufacturer entering the Swedish market to re-design of an amateur built three 

wheeled motorcycle to be used on public roads in Sweden. The project has changed 

primarily to costs without considerations from a freedom-to-operate business 

perspective for a specific market. This change from studying Swedish and European 

regulations to SFRO guidelines prevented us due to the time limit within this thesis 

to further study the results from patent searches or refine the searches. 

Database Class Search phrase Results 

Espacenet CPC class B60 for 

performing operations; 

transporting 

chassi* or frame > 10 000 

vehicle frame assembly 247 

three wheeled vehicle 147 

USPTO    
Table 2.7 Patent Search (Espacenet, 2017) 

2.2.16 National Legislation 

The Swedish Transport Agency is responsible for road and vehicle safety. Different 

types of vehicles with different origins are in use, i.e. new, old, imported, rebuilt 

and individual built, special vehicles, or vehicles used in community functions and 

within the defense. Despite all these differences they need to fulfill the requirements 

of their purpose by different types of approvals for manufacturers, importers and 

individuals for road safety, personal safety, and vehicle safety. The regularly 

vehicle inspections are made by certified companies while new vehicles have to be 

approved by an accredited certification body. For rebuilt and individual built 

vehicles the inspections and approvals are made by delegation to Svenska 

Fordonsbyggares Riksorganisation (the Swedish Vehicle Builder’s National 

Organization). (Transportstyrelsen, 2017) (SFRO, 2017) (SFRO, 2017) 
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 The international work started in the 1950s in vehicle safety, environmental 

protection, energy efficiency and theft- resistance influence different regions and 

nations. The World Forum for Harmonization of Vehicle Regulations (WP.29) and 

the United Nations Economic Commission for Europe (UNECE) work together to 

increase the global safety and sustainability. The UN regulations are implemented 

within European law through the ECE Regulations and EC/661/2009. EC directives 

and Swedish Constitutions are linked to the international and European regulations. 

In 2006, there was a need for a more modern approach with in the automotive 

industry and the initiative ‘CARS 21’, A Competitive Automotive Regulatory 

System for the 21st century, was born to repeal all separate directives and yet 

maintain the protection level.(United Nations, 2012) (EUR-Lex, 2017) 

EC/661/2009 and EC/168/2013 are important for automobiles and motorcycles, se 

Table 2.8. 

  Repeals  

EC 661/2009 Type-approval requirements for the general 

safety of motor vehicles, their trailers and 

systems, components and separate technical 

units intended therefor  

50 directives Automobiles 

EU regulation 

168/2013 

On the approval and market surveillance of 

two- or three-wheel vehicles and quadricycles 

15 directives Motorcycles 

Table 2.8 Two important directives for automobiles and motorcycles (EUR-Lex, 2017) 

For large global automotive manufacturer, with quality management systems etc., 

i.e. with resources, it is beneficial when new vehicles fulfill the technical 

requirements for a certificate of conformity (CoC) in one EU Member State. This 

means access of marketing in EU without any further approval tests or other checks 

in another Member State. (United Nations, 2012) 

The certification options in Sweden are well adopted to the automotive industry but 

are limited for motorcycles to a few options. See the Swedish certification options 

in Appendix 9.  It is not possible to apply for a certification of conformity for 

motorcycles in Sweden leading to reduced demands of technical services at 

Swedish accredited certification bodies. See available technical services for 

manufacturers in Sweden in Appendix 10.  Swedish motorcycle manufacturers turn 

to other accredited certification bodies abroad for a CoC. In case of an CoC, the 

Ecoist vehicle would be classified as L5e-A, a three-wheel motorcycle for 

passenger, see Appendix 9. It is advisable to choose the type of approval that is 

needed for the intended market. Some markets or countries do not require, e.g. an 

EC whole vehicle approval because it might be sufficient to provide test reports that 

reinforce the requirements. Small companies as SirGomez Engineering AB with 

small resources and without a quality management system, have two options for 

entering motorcycles on the Swedish market, either by ‘Registration inspection’ or 

‘Vehicle import and control on origin’. Both certificate options mean that each 

individual vehicle is separately inspected at a time and is given a certificate after 
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approval. The information concerning certification options and processes at 

Transportstyrelsen’s website (the Swedish Transport Agency) are only available in 

Swedish. ‘Registration inspection’ are made according to TSFS 2010:87 

Transporstyrelsens föreskrifter och allmänna råd om registeringsbesiktning, 

mopedbesiktning och lämplighetsbesiktning (the Transport Agency’s regulations 

and general advice on registration inspection, moped inspection and suitability 

inspection).  For a motorcycle manufacturer, vehicle import and control on origin 

means that the manufacturer must prove control on origin and that the manufacturer 

must be registered as a professional manufacturer. The benefit of being a 

professional manufacturer allows registration of a ready-made vehicle directly in 

the Swedish Road Traffic Register by a swift handling of the original control. The 

manufacturer applies to be considered as a professional vehicle manufacturer at 

Transportstyreslen  by enclosing information of the vehicle and the production by 

specifying the manufacturer (with contact information, business registration 

number, invoice address), vehicle category (in this case; ‘motorcycle’), the World 

Manufacturer Identifier code (WMI-code), estimated production volume of 

vehicles per year, description of how the vehicle is manufactured with an overall 

description of the manufacturing process, responsible for the design, purchased and 

self-manufactured details, and drawings and pictures of the vehicle constructions. 

The trial is free of charge and the Transportstyrelsen responds with case diary 

number and estimated processing time by letter or e-mail. Written notice with a 

decision will be obtained later. Application of a WMI-code in Sweden is cheaper at 

the Swedish Standards institute (SIS) than directly to SAE International, by 

specifying the manufacturer (with contact information, business registration 

number, invoice address), vehicle category, estimated production volume of 

vehicles per year (more than 500 or less than 500?). The administrator contacts 

SAE, US, and a confirmation with the WMI-code are sent from SAE to the 

manufacturer and Transportstyrelsen. (Transportstyrelsen, 2017) (Hammarbäck & 

Vainionpaa, 2017) (EUR-Lex, 2017) (European Commission, 2017) (Madsen, 

2017) (Bandelin, 2017) (SAE Global Standardization, 2017) 

If the product owner at SirGomez Engineering AB chooses to use one of the two 

the available approval options for motorcycles, he does not need to spend time on 

efforts on heavy legal and technical regulation administration, qualify for a quality 

management system, and having close interactions with Transportstyrelsen, or to 

spend money to significantly modify the vehicle design, or money on destructive 

tests and other tests. In case of an application in origin control, the certification from 

the SFRO can be enclosed.  (Transportstyrelsen, 2017) (Hammarbäck & 

Vainionpaa, 2017) 

For the current Ecoist vehicle, a registration inspection is mandatory 24 months 

after the SFRO inspection approval. (Transportstyrelsen, 2017) (Hammarbäck & 

Vainionpaa, 2017) 
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Describing the errand at Transportstyrelsen Customer Service for Vehicle Issuses 

from a motorcycle manufacturer perspective trying to find information of 

regulations to fulfill for the Swedish market for 10-20 vehicles, the first contact was 

made with the department Fordonsteknik (Vehicle Technology). As recommended 

for a full answer it required sending an e-mail with facts regarding the Ecoist 

vehicle, specific questions on technical areas, and attached describing pictures of 

the vehicle. After repeatedly trying to receive an answer to the e-mail during one 

week, a registrar finally informed that motorcycle manufacturers acting on the 

Swedish market must comply with the regulations within VVFS 2003:23. 

(Registrar, 2017) 

The enclosed directives in VVFS 2003:23 is nevertheless not valid, and the frame 

directive EC/168/2013 has not yet been implemented even if it is valid from 2016-

01-01. (Nordqvist, 2017) 

This is why motorcycle manufacturers cannot apply for certification of conformity 

in Sweden, one of the European Member States, for the Swedish and the European 

market. Manufacturer are forced to make arrangements in other countries. (Madsen, 

2017) 

There are no guidelines to a the specific Ecoist vehicle category linked to 

regulations and requirements, see Appendix 11. Investigations and interpretations 

of regulations has been made to find the final requirements. This is the major 

contributor to changes in business strategy and design during this project in this 

thesis, see Appendix 12. 

Contact with Transportstyreslen with a simple specific question on regulations for 

three wheeled vehicles at Regulation Information at the Technical Department 

really gave information on what directives to be fulfilled. The frame directive 

2007/46/EC is valid for cars and after control questions Ecoist vehicle was 

classified as a motorcycle and must comply with the frame directive 168/2013/EC 

with delegated directives 3/2004/EC, 134/2014/EC, 44/2014/EC and 901/2014/EC, 

se Table 2.9. For manufactures of small series and national approvals the 

regulations are difficult to understand and to transform in practice. To be able to 

even start with understanding the context and the meaning in the directives it 

requires several years of automotive industry experience. VVFS 2003:23 is still 

valid for motorcycles due to delays in implementing 168/2013/EC at 

Transportstyrelsen. VVFS 2003:23 is used for control inspections in Sweden.  

(Göringberg, 2017) 
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168/2013/EC Frame Directive for two, three and four wheeled vehicles 

Delegated Directives Simple description of context 

3/2004/EC Implementation requirements 

134/2014/EC Environmental requirements 

44/20147EC Technical requirements 

901/2014/EC Templates and certificates 
Table 2.9 The frame directive for motorcycles and the delegated directives (Göringberg, 2017) 

For present status of these directives, see Motorcycle Regulations in EU in 

Appendix 13. 

A helmet is not acquired if the seat belt is used in the three-wheel motorcycle. 

(Notisum, 2017) (Hammarbäck & Vainionpaa, 2017) 

Swedish driving license A or B is required in combination that the license holder is 

at least 21 years of age. (Transportstyrelsen, 2017) 

2.2.17 National Requirements for Amateur-built Vehicle 

Ecoist is a vehicle that is registered as a motorcycle with a frame and body, meaning 

that SFRO guidelines for both automobiles and motorcycles should be followed. 

The Ecoist weighs approximately 300 kg, has a power of 18 kW and normal speed 

of 90 km/h. The rules for rebuilt vehicles differs from amateur-built. The rules were 

issued by the Swedish Road Administration until 2009 when new rules relating to 

the EU directives were introduced for amateur-built automobiles. For rebuilt 

vehicles and motorcycles, the Swedish Road Administration rules still apply.  

The vehicle shall be roadworthy and have satisfactory driving characteristics for the 

vehicle’s speed spectrum up to the end of the life of the vehicle. The amateur-built 

vehicle may only be approved by SFRO and SFRO issues the certificate. A three-

wheel motorcycle has symmetrically placed wheels and has an internal combustion 

engine with a stroke capacity above 50cc or is designed for a maximum speed 

exceeding 45 km/h. An amateur-built vehicle should be built by an individual for 

personal use or for another individual where each vehicle is considered unique in 

its basic design. The vehicle may not be made in series, or from the same 

manufacturer, or supplier that delivers complete car-kit with frame, fork, wheels, 

brake, and engine. Rules mentioned below are those that concern the vehicle frame. 

Nationally approved amateur-built motorcycle must comply with Road 

Administration’s regulations for motorcycles and trailers towed by motorcycles in 

VVFS 2003:23 chapter 27 about special requirements for rebuilt and amateur-built 

motorcycles. 

Batteries must be properly secured to prevent foreign objects from encountering 

poles or cell connections. Electrical cables must be well insulated and attached to 

the vehicle to prevent wear and intersections in sheet metal should be protected 

against damage to the insulation. 
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Amateur-built cars should follow the Transport Agency’s regulations and general 

advice on automobiles and trailers that are towed by automobiles TSFS 2013:63 

chapter 41 about special requirements for rebuilt and amateur-built automobiles and 

light trucks, see Appendices 14 and 15. 

The vehicle is subjected to external, internal, and passive safety. For internal safety, 

it is important that there are no sharp edges that cause damage and that the seats are 

firmly anchored. No metal fasteners may have protruding edges. The lower edge of 

the dashboard should be rounded to a radius of at least 19 mm, unless it is softly 

padded. Externally, sharp edges must not be touched by a 100 mm sphere. 

Protruding parts must not have tips or edges of shape, dimension, or hardness that 

can cause body injury during collision. If protruding parts have a hardness less than 

60 Shore A, the diameter is allowed to be 2.5 mm. The outer parts of the bumper 

should be bent against the external surface so that it is recessed or built into the 

body or the ends are bent so that they cannot be touched with a 100 mm sphere and 

the gap between the bumper and surrounding body does not exceed 20 mm. Sheet 

edges that are folded back are allowed if protected. An unprotected edge is 

considered to be backward at about 180 degrees or bent against the body do that it 

cannot be touched by a sphere with a diameter of 100 mm. The vehicle must either 

have a special towing eye or it should be easy to tow by attaching a rope to a frame 

part or the like. 

A passenger car must be designed for safe entry and exit, see Appendix 14. 

(Ulander et al, 2015) (SFRO, 2017) (Transportstyrelsen, 2017) 

There are different load cases for automobiles and calculations for increased safety 

for four-wheel vehicles.  

An automobile is safer to drive than a motorcycle. There are no shock absorbing 

deformation zones in motorcycle designs. A three-wheel motorcycle is in general 

safer to drive than two-wheel a motorcycle. There are no national regulations for 

motorcycles stipulating hardness or shape of interior profiles or minimum radius 

hereof, even if 2.5 mm or more is to recommend. It is valuable for the driver, 

passenger, pedestrians, and other traffic user if higher safety is built in within the 

design than specified within regulations. The three-wheel motorcycle Ecoist having 

a collapsible steering column is advantageous not to harpoon the driver in case of a 

collision. (Hammarbäck & Vainionpaa, 2017) 
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3 METHOD  

3.1 Alternative methods  

Freddy Olsson have introduced a methodology which have been previously tried 

and evaluated. After experiencing and evaluating the method it is considered rather 

obsolete and has been set aside to give room for a more modern and relevant 

methodology for product development. 

An additional approach to designing the intended product is to follow the 

methodology of Knowledge Based Engineering (KBE). This methodology allows 

for a reliable and dynamic design with a broad spectrum of features. It is a strong 

methodology which can provide excellent presentation of design-options for the 

customer and/or project issuer, and would have been most desirable to utilize. 

Regrettably, the associated workbenches that offers many of these possibilities were 

disabled within the provided software licenses for distance-students to work with 

off-site, and this effectively becomes the primary reason for not including this 

methodology. Furthermore, as the name suggests, the utilization of these features 

largely depend on previously acquired knowledge about the design and its 

boundaries. To use KBE at the start of a project with a relatively large amount of 

uncertainty about the required specifications and final intent, does prove to become 

potentially limiting and in extension lead to a major expansion of required 

investment of time, especially when the expertise within the field is not at a 

confident level at start. 

3.2 Chosen methodology for this project  

The thesis is approached and defined through working after the author David 

Ullman’s methodology for product development, see Appendix 16. This 

methodology is what has been practiced trough previous courses and thus turns out 

to be the natural selection to work with in this master thesis, see Figure. 3.1. 

 

Figure 3.1 Work Flow within this thesis 
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3.2.1 Study visit at the project owner’s workshop 

Initially, before starting up any direct work on the vehicle, a study visit and personal 

contact with the project owner, Thomas Koch, was of high importance. A travel to 

Vejbystrand was conducted and a meeting with the project owner in the project’s 

workshop was held, where an introduction to the vehicle in development was 

presented, and gave a good opportunity of seeing and investigating the physical 

vehicle. 

During the meeting, topics such as manufacturing constraints and economical 

boundaries for the resulting design was discussed, and a strong fundamental 

customer requirement list could be generated during this conversation. There was 

also a description of external customer requirements that had been gathered through 

personal contact with potential customers who creates the initial purchasing group 

that motivates this manufacturability oriented re-design of the vehicle. 

As this is a smaller pilot-batch of vehicles, it was of interest to use manufacturing 

methods available at a specific subcontractor, who Thomas had had good contact 

with before, and preferred to use as a supplier for his vehicle’s chassis. This 

company was later contacted and visited for a fuller understanding of which 

solutions and systems were available to manufacture the chassis from. 

At the workshop, there was also a brief introduction of parallel thesis works being 

carried out for the same vehicle but with different purposes. However, two of the 

thesis works were closely related to the chassis design topic, and therefore decided 

to attempt a synchronization with those projects to ensure the best and most viable 

outcome. 

3.2.2 Study visit at Weland AB 

Once the initial consultation with the project owner was finished, a contact with the 

subcontractors was initiated. A date for a guided tour was set, and once traveled to 

the company, the person responsible for sales within laser-cutting at the company, 

Peter Sköld, personally provided a guided tour around their facilities for 

approximately three hours. During this time, a presentation of the available 

methods, machines, and techniques were introduced and described thoroughly, and 

questions could be asked at any time, should anything remained unclear. There was 

also a briefing on which material-types and in-house material dimensions they had 

available. In connection to this, a new material type was introduced as a modern 

option. The material is called ‘magnelis’ and is a more functional and economic 

option then traditionally galvanized steel, when looking at material providing 

corrosion resistance. However, this particular material type proved to be difficult to 

incorporate in the project’s solution. This depended on that the available material 

dimensions different from the specifications provided, together with the yet 

unverified welding methods. Despite this, an investigation of available knowledge 

and information was pursued by contacting both the welding institute ESAB and 

through interviews with professional welders who had come in contact with this 
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material and tried to work with welding in it, but that did not yield any results that 

altered the choice of traditional galvanized steel for this stage of the product 

development. 

This tour is treated as a foundation which defines a great deal of the parametric 

optimization throughout the course of the project. 

3.2.3 Literature study and regulations to reinforce design options 

To take advantage of any previously published conclusions regarding development 

of a product similar to the type in this project, a thorough investigation of relevant 

literature regarding chassis development, manufacturing methods, and different 

chassis categories were carried out.  

The state-of-the-art in chassis development was studied, and even though the 

manufacturing methods featured in these products are not available to work with, a 

simultaneous study of previously developed chassis types relevant to the intended 

type was made. The intention with this is to attempt to rely on the knowledge from 

chassis created by the eligible manufacturing methods earlier in history, while 

adapting the product to, where possible, resemble the modern knowledge and 

development guidelines. 

In close relation to this, a large part of the studied material concerned reading and 

interpreting the published and available standards, directives and regulations 

regarding this vehicle- and chassis type, and whether there are any specific 

requirements the chassis must meet to be allowed on the Swedish market for 

commercial distribution. 

In absence of a quality management system, the project owner is not allowed to 

apply for certification of conformity for the batch of 10-20 vehicles as a small series 

according to EC whole vehicle approval, but is able to choose certification options 

that includes one individual vehicle at each approval occasion for delivery to one 

customer at a time. 

Examining all applicable vehicle requirements is a very extensive work that 

requires previous experience from the automotive industry. The change to other 

types of approval reduces the work significantly due to earlier national certification 

of the amateur-built vehicle. National regulations and design instructions had been 

thoroughly reviewed to ensure that the requirements on the vehicle frame are met 

during the design. The fulfilment has been ensured trough reviews of drawings and 

other documents, verification of the vehicle at the project owner site twice, viewing 

previously taken photographs from previous visits, and reconciliation with the 

project owner during design meetings or through direct contact when needed. 

3.2.4 QFD matrix - the “House of Quality” 

The Quality Function Deployment diagram (QFD) is a complex tool that supplies 

a large amount of information in just one matrix. The aim of the QFD is to listen to 
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the voice of the customer and reading off what the market requires of your product 

in order for it to become viable and desirable. The matrix functions as a common 

source of information across any multidiscipline collaboration when developing a 

product (WebFinance Inc., 2017).  

The development of this method was carried out in Japan in the middle of the 1970s, 

and created a huge economical advantage for several large companies. After that 

the technique has been employed throughout the industrialized world where the 

breakthrough of this methodology came around the early 1990s. 

While being a very powerful tool for product development and redesigning of 

existing products, it is necessary to calculate with a large percentage of the projects 

timeframe to be consumed with developing the QFD, at about as much as one third 

of the accolated time (Ullman, 2010). 

The way the method was used in this thesis work was to specify all the different 

requirements that the project owner applied within the business strategy to the 

resulting frame, such as plate thickness, manufacturing costs, geometrical 

constraints, which supplier who needed to be able to produce the parts (making sure 

required technology, machines and material was available to them). A resulting sub-

customer was then included to specify which manufacturing methods etc. would be 

available to create the parts. The end-customer requirements of the frame were 

indirectly measured through the project owner’s specifications, as he had been the 

one involved in gathering them as the project proceeded. See figure 3.2. 

The QFD has been a powerful information document which has kept a clear 

direction to the work done, and generally worked as a reliable cross-checking tool, 

see appendix 17. 
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Figure 3.2 Change of requirements due to change of business strategy 

3.2.5 Reverse Engineering 

Reverse engineering is an effective and commonly used method to use when trying 

to understand the function of the device to be engineered. It works by 

deconstructing an existing device and identifying each individual parts of the 

system. The parts are then looked at one and one, and identification of each parts 

role in the system is defined. By doing so, one takes in and utilizes information 

from often several thousand engineering hours spent at finding the previous solution 

(Ullman, 2010; AIACC, 2012). 

Reverse engineering was employed in this work through conversion of the project 

owner’s own CAD models. The models were converted to .stp-files which were 

utilized as boundaries for a sheet-metal inspired surface model that could follow 

the outlines in a comparison assembly, making certain that crucial measurements 

and fixpoints held the right position in the frame. 

3.2.6 Topological optimization 

The method of topological optimization applies different mathematical solution 

methods depending on whether the geometrical shape has a discrete or a continuous 

characteristic.  

A general trait of the topological optimization is the presence of a multitude of 

design variables applied to different sections and smaller structural domains of the 

body.  
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The algorithms used to solve topological design problems can include methods such 

as Optimality Criteria, Mathematical Programming methods, Evolution strategies, 

and other Control-based methods (Eschenauer & Schumacher, 1997).  

Topological optimization was an important aspect of this project. In an early stage 

of the project, there was a CAD simulation of topological optimization created to 

mimic both a duo of two similar solid shapes of the current vehicle outlines, as well 

as a mimicking sheet-metal concept.  

Using a duo optimization for the solid shapes allowed a great informative 

comparison to be carried out where common lines and structural resemblances 

could be identified. The results were then cross-checked with literature to 

strengthen the resulting design shape. 

The topological optimization and analyze of the sheet-metal concept served as a 

first look at what shapes generated less force accumulations. The design was 

evolved over time with structural enhancements and tweaks in order to distribute 

the applied forces as evenly through the structure as possible.  

3.2.7 Parametric optimization 

Parametric optimization is a method often combined with topological optimization. 

It aims to optimize a unit within certain given constraints or parameters. It’s also 

referred to as Shape optimization and can often be performed on a design which has 

previously been topologically optimized with respect to applied forces and strains. 

It aims to create the most effective design while still being able to perform the tasks 

and actions that it is intended for (AIACC, 2012).  

In the case of this thesis work, the parametric optimization had a strong impact on 

the design as the resulting model required to fit tight manufacturing parameters. 

Moreover, there are certain fixpoints for safety-belts and other geometry such as 

wheel-positioning and revolving axes of the steering wheel together with the 

openable wind shield that needed to synchronize, to provide a few examples of how 

it was applied in this project. 
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4 RESULTS  

4.1 Presentation of experimental results 

QFD - Most important features to work with:  

4.1.1 Poke-a-yoke, tracing pins, and steering holes (relative weight = 18.3 p) 

One of the primary reasons for this requirement to be at the highest priority to work 

with is to make certain that the different dimensions of the vehicle remains 

consequent throughout the entire batch which is manufactured. The dimensions are 

fundamental for the reliability of the vehicle, and any deterioration from previously 

attained data used to confirm the safety of the vehicle immediately causes 

credibility impact. Additionally, making certain that the intended dimensions are 

easily replicated encourages a non-problematic assembly methodology.  

4.1.2 Material Selection (relative weight = 15.0 p) 

The decision of which type of material to use contain a wide variety of variables to 

consider and balance against one another, shared between a large pool of available 

material alternatives. The weight of the vehicle has a direct effect of the vehicles 

mechanical performance; therefore, an optimization of the weight both through 

plate thickness and material utilization is of high priority. From an economical 

aspect, the total volume of material, especially depending on which material is 

selected, has great impact on the final costs. There is a strong link between the 

selected material and the environmental impacts of the manufactured product. 

Certain highly developed materials offer great mechanical and corrosive-resistant 

properties, but has a large environmental effect upon being manufactured, and 

similarly, some more environmentally and economically friendly materials may 

require surface treatments or other additional operations to remain as viable 

selections.  

4.1.3 Reduced Part no. (relative weight = 14.6 p) 

To encourage that the resulting concept offers a beneficial solution, the aspect of as 

effectively as possible reduce the total number of unique parts in the vehicle. By 

doing so, the concept provides both an economical edge (assuming the part 

reduction is sound) through reduced manufacturing operations and overall 

complexity as well as increased product quality establishment. The fewer individual 

parts featured in the delivered product prior to final assembly, the lower risk there 

is of continuously additive dimension errors caused by tolerances adding up to a 

high absolute value. 

QFD - Most difficult features to work with:  

4.1.4 Material utilization (8/10) 

As the material type becomes selected, finding out how to best optimize the material 

usage is one of the most challenging aspects of construction. It is of great 
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importance to minimize the weight and volume of material. The is because of the 

drive to create the best possible circumstances for emissions and manufacturing 

aspects related to environmental impacts to be reduced to a minimum. This feature 

also has a large impact on the economic aspect both from a material-volume 

relationship, but also from a customer satisfaction perspective. Working hard to 

create the most out of what is available is an increasingly present customer 

awareness, and results in becoming a requirement in extension. However, 

developing solutions with reduced material often require in-depth analysis of 

already developed parts and refining every individual concept. At this type of raw 

product development from one concept-structure to another, and bound by the time 

constraints, an initial perfection is a great challenge to overcome.  

4.1.5 Isolation of vibrations (7/10) 

One large concern is the always present threat of structural failure because of long-

time exposure to vibrations, as that is the natural working environment for the 

intended product. Especially in a concept largely developed with sheet-metal 

forming and welding solutions, this risk is a major concern to work with. Vibrations 

are sometimes difficult to detect and can arise with time, and with little or no chance 

of detection before material failure exposes it. Taking measures to avoid leading 

deteriorating vibrations into structural areas sensitive to that type of stress is 

important, and should be aimed towards specially developed areas which can 

absorb shocks and vibrations effectively. The difficulty within these project’s 

timeframes is to try and verify whether any long-time exposure to the intended 

purpose of the product is prevented by the potential precautions implemented. 

4.2 Presentation of results based on models and simulations  

Topological optimization 

4.2.1 Original frame 

The original frame structure shown in the images that follow represents the starting 

point for the topological optimization. To first get a good reference of how a sheet-

metal concept could be described, the first measure was to import the CAD-file of 

the original frame to Catia V5 and fit a surface boundary around it. The model was 

created while taking care that the result could reasonably be recreated by the 

subcontractors intended to create the frame.  

 

Figure 4.1 of the original square tube concept, a surface boundary replica, and a comparison of them.  
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After the initial analyze of a potential completely sheet metal based concept without 

any inclusion of any integrated beam structure for stability, referred to as the 

“bathtub-concept” as shown in figure 4.1. The next step will be to look over which 

features would best be merged together to combine a bathtub concept with a beam 

system made from sheet-metal bent half-tubes. 

4.2.2 Topological optimization of solids 

Two similar models in figure 4.2 were 

initially created in the CAD-program 

Inspire. The aim is to represent a very 

rough outline for how the model looks in 

real time, using the boundary of the 

original frame as a guideline for the design. 

The idea at this stage is to create a model 

that allows the program to remove as much 

unnecessary material as possible while maintaining maximum structural stability. 

This procedure effectively hollows out the over-bounded model to the most 

material-efficient version available. The model was designed with only a basic load 

case intended to reveal only relative strengths. Absolute strengths or too complex 

load cases were not prioritized at this stage as a parallel thesis work was carried out, 

covering the topic of analyzing the resulting forces the vehicle might experience 

during use. The intention of utilizing this work as it progressed further and yielded 

results meant that only relative relationships were studied at this point. 

Results from initial topological 

optimization operation in Inspire software 

turns out as illustrated in picture 4.3. 

There is a particular purpose of why it was 

decided to be analyzing two similar 

models with the same load cases applied, 

with the only main difference being the 

detail of the replication on the original 

frame structure. Having two or more example designs for inspiration allows for 

identification of similarly occurring lines and preferred ways of structuring the 

model to achieve the best outcome. This will be a foundation for the next step in 

the experimental design process. Additionally, it is worth mentioning as a result 

that the regions unaffected by the removal process can be considered insufficiently 

dimensioned in the first place, and would it be possible, more material should be 

added to those regions until the program would chose to be able to remove material 

and finally determine an optimized geometrical solution. 

Figure 4.2 of the two pilot solids subject to 

topological optimization. 

Figure 4.3 of the output from the topological 

optimization process. 
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4.2.3 Comparison of resulting shape outline 

Comparison of the two resulting optimizations yielded 

some very interesting observations. There seem to 

indeed emerge a pattern of common lines presenting 

themselves despite a rather large individual difference 

when it comes to model detail. The illustration 4.4 

show the results once again but at a more fitting angle. 

Some lines are difficult to determine when looking at a 

single picture, but being able to thoroughly investigate 

the results from a 3D-model clearly featured the common results drawn in a broad 

red line. Minor similarities are also shown with a thinner line. There are also small 

illustrations within the pictures where the common design lines have been lifted out 

for simpler comparison, here shown in green. These findings correlate with the 

literature studied on the design history of chassis of similar vehicle layouts. Not 

only does the lines follow the same general shape in the horizontal (xy) plane, but 

also a slightly curved spine guide through the vertical (zx) plane emerges in all the 

cases. This also aligns with the literature. For further detail please refer to appendix 

7. (Corolla, 2009) 

4.2.4 Analyze of surface based models 

A further help towards the structural strength preference 

when deciding on a design concept was to bring the model 

over to Catia V5 as a .STEP-file and analyze the section cuts 

of the resulting optimization model. The lines here are in 

many ways even clearer than in the original comparison 

made of the results from the solids. Image 4.5 is the section-

cut of the crudest model.  

The produced thin surface model exactly mimicking the 

current tube frame’s geometry and dimensions intended for 

design inspiration and product boundaries further on in the 

project. This model will serve as a base design for the initial 

testing of the structural stability. This design has no added 

stabilizers to it, and tests will be made of each stage 

respectively adding one strengthening feature after another 

which can be suggested from the original frame.  

4.2.5 Description of applied forces and load case 

The idea is to first represent the forces from a plain frontal impact. This is modelled 

as a major force vector directed onto the circular application area of the front 

parallel to the y-axis. The analyze is carried out together with a simulated effect of 

breaking, or colliding with one wheel onto a smaller obstacle on the ground (such 

as a rock or the edge of a sidewalk). To represent this, two slightly weaker force 

vectors are applied and distributed evenly over the four handling points for the front 

Figure 4.4 compares apparent 

common lines, and illustrates their 

similarities. 

Figure 4.5 of a section-cut 

performed one of the 

resulting solids. 

Figure 4.6 displays an 

isolated instance of the 

boundary-surface part based 

on the original model. 
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left control-arm. The first force-component is directed in a straight vertical direction 

along the z-axis and the other component is aimed at a 45deg angle between the z-

axis and leaning towards the negative y-axis direction, supported by the plane 

tangent to the four handling points. This is intended to represent the reactive force 

of the collision with a smaller obstacle on the ground. The latter load case would 

also cover the effective forces of regular deacceleration and maneuvering the 

vehicle. The nature of the vehicle allows for a symmetrical approach as both sides 

are identical and the commutative law can be applied: 

A + B = B + A 

[4-1] 

The right-hand control-arm is represented by two fixated pivots which are aligned 

with the upper and lower handling point’s axes respectively. Similarly, the rear 

wheel’s handling points are also modelled in the same manner. By doing so instead 

of simply fixating the handling points, the simulation is allowing the structure to 

rotate around the handling points as they would in a real-life situation. However, 

the real-time limiting reactive force due to friction between tires and ground, where 

the maximum resulting force component sideways along the y-axis (Fs_max) is equal 

to the static friction coefficient (µs) multiplied for the normal reaction force (N): 

Fs_max = µs * N 

[4-2] 

have been omitted in at this stage, as they would be more motivated in the case of 

absolute force analyzation. In this modest analyzation of relative displacement 

differences, simplifying the forces to unlimited friction threshold effectively takes 

height for the resulting data extracted, following the methodology of robust 

engineering. 

A disclaimer to the illustrations is that the load case and the stability features were 

developed and finalized parallel to each other, placing the relevancy of each 

illustration in ascending order, and the described load case will refer to the finalized 

analyzation level. 

4.2.6 First load case 

The first illustration shows the starting circumstance of 

the load case applied. This is the most basic build of the 

model. The only strengthening addition to the geometry 

added is the mid-section stabilizing ROPS (Roll-Over-

Protection-System)-beam. This can also be considered 

the crudest result in the chain. 
Figure 4.7 shows the results of 

the first experimental load case 

on a sheet-metal inspired solid. 
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4.2.7 Second load case 

The second load case with an added bent profile as a boundary on the upper limit 

of the steel plates on the sides. Intuitively one can identify the area of maximum 

displacement to be the upper edge of the bathtub model, but it is also clearly 

illustrated by the heavy red zones accumulated at the top edges in the first load case. 

In order to counter this extremum of displacement, the edges were stiffened by 

adding a rectangular profile to the top by two bending operations to each edge, 

following the equation bending resistance: 

Wb = BH2/6 – bh3/6H  

[4-3] 

Where B and H represents the outer dimensions, and the lower-case version 

represents the inner dimensions respectively. In this case considering the thin steel-

plate in the same way but with b and h = 0, and letting H represent the thickness of 

the plate, the differences will be significant.  

The result is an accumulation of displacement at the front 

left hand extremum of the frame, displacing the area 

directly associated the handling points of the control arm. 

It is worth to stress the color distribution in this  

image, where most of the fields are being affected at a 

very low rate as they resist displacement better (green and 

blue) relative to a very concentrated area of high 

displacement (red and yellow).  

This led to the decision to take a measure of strengthening directly to that region. 

The alterations made and results yielded are described in the following section.  

4.2.8 Third load case 

The third model also features a cross-sectioning firewall in the front, separating the 

two areas considered to be battery compartment and passenger compartment from 

one another and effectively strengthening up the previously considered “open 

profile” section in the front, providing a much stronger structure. The following 

equations and example will clarify the difference in torque resistance (Wv) between 

open and closed profiles, and can be applied to both of the suggested improvements 

for this load case (Björk, 2014): 

Equation for torque resistance, Wv, of an open profile consisting of connected thin 

rectangles: 

Wvopen = (∑ bi
3 * hi) / (3 * bmax) 

[4-4]  

Figure 4.8 shows the second 

experimental load case results, 

here with partial structural 

reinforcements in place. 
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As opposed to the equation for torque resistance of a closed thin-walled rectangular 

profile:  

Wvclosed = 2 * A * tmin 

[4-5]  

Summary of Mathematica example from Appendix 18: 

Profile 

type 
Formula Dimension, b+h 

Thickness, 

t 

Value, 

Wv 

Open 

profile 

Wvopen =  

(∑bi
3 * hi) / (3 * bmax) 

 

40+20+20+39(40) 2 158.7 

Closed 

profile 

Wvclosed =  

2 * A * tmin 
(40*20) 2 3200 

Table 4.1 summarizes the different equations and their resulting value for a comparative overview. 

The results presented in the illustration proves the 

success of the implemented changes, where the major 

relative displacement is once more pushed back to the 

rear end, and is much more evenly distributed along the 

structure. Even though there are more red and orange 

areas at this stage, it is important to bear in mind that for 

the sake of force equalization, this is a positive result. 

This point is also shown by the significant difference in 

overall displacement changes seen by comparing the 

resulting model to the thin lines indicating the original 

shape before forces are applied. 

4.2.9 Fourth load case 

The fourth iteration of the structural analysis has a refined load case simulation 

through the added control arms to further verify the 

build. The upper profile boundary has also been closed 

entirely for even stronger features as described in 

appendix 17. Notice the primal property of force 

equalization here. Not only does the relative 

displacement become further reduced after the final 

adjustments to the frame, but any local displacement 

extremum has become harmonized so that the applied 

forces are distributed noticeably more even throughout 

the entire geometry to a much further extent then in the 

previous models. However, a certain measure of color-value indication must be 

considered as the control-arm now takes a major displacement role and becomes an 

extremum not previously included in the model. 

Figure 4.9 of the third 

experimental load case, here 

with further developed 

structural stability and refined 

load case input. 

Figure 4.10 shows the fourth 

experimental load case results, 

here with the final structural 

stability and load case applied. 
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Finally, as shown by the images of appendix 19, an overview of the safety-factor of 

the material’s (without respect to numerical safety factor) extreme-points 

accumulated was done. The analyze is of the different results and reasoning on 

which resulting zones should be considered valid risks and which areas could be 

overlooked as they are not representative of the “intended reality” of the product. 

4.2.10 First sheet-metal beam based model 

Resulting initial frame design with most fundamental 

parametric optimization properties, for more detailed 

analysis in Catia V5, utilizing sheet metal bending shapes 

to fit the manufacturability constraints for the intended 

product. The analyze was carried out on a model created as 

a single part which effectively omits any surface-to-surface 

calculations. This step was necessary because of the 

available program edition. The ‘student edition’ which was 

provided to work in had several major features locked due 

to limited licensing such as part-to-part calculations and 

most Knowledge-based tools as well as some Boolean 

operation. 

Resulting load-case analysis of the frame design, 

focusing primarily on detecting local force 

accumulations and adjusting the structure accordingly to 

equalize the strained areas. The main area for 

development here is the front section containing the 

control-arm fasteners. The beams have been translated 

from the previous topological analyzation’s common 

design suggestion, with particularly rounded beams to 

absorb high force-distributions more effectively. These beams can be seen in the 

front and in the cross-shaped beams of the structure. Both rounded beams have been 

locally enhanced at the “top” of the parabola by a honey-comb inspired module to 

address the most critical accumulations. 

This close-up illustrates a cut-through on one of the 

initially most strained areas, now properly strengthened 

through bent beam function based on force direction as 

well as local honeycomb structure and triangulations. As 

opposed from the starting design with a straight beam 

without any local enhancements, this reworked option 

showed a significantly increased resistance to the applied 

forces, both in the frontal beam and to this cross-section. 

  

Figure 4.11 of the adjusted 

first draft for a spine-inspired 

solution intended for 

maximally equalization of 

applied forces throughout the 

structure. 

Figure 4.12 shows the resulting 

load case, carried out in Catia 

V5 instead of Inspire. 

Figure 4.13 features a section-

cut of the experimental 

solution, meant to expose a 

local reinforcement. 
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Parametric optimization 

4.2.11 Stage 1 – first draft 

First design proposal and draft, without further input 

from the project owner then from the first meeting at 

the start-up of the project. Respect taken to 

manufacturing methods, optimizing load case force-

distribution, minimizing individual parts used, 

preparing design for steering-pin systems for 

effective geometrical stability and minimizing 

material usage.  

The design has a high level of influence from literature-study and structural analysis 

results. At this point before its first revision by Thomas, this draft still has 

unfinished features, and emphasis has been put into following the given design 

constraints at an early stage. 

4.2.12 Revision 2 – Complementary features and geometrical rework 

First rework and update of the geometry after initial briefing with Thomas regarding 

necessary guidelines and feedback about suggested solutions. Straighter frame lines 

to fit the structure of the surrounding additional 

geometry more, leaving it unaffected by the 

frame’s redesign. Floor filled in to remove 

necessity of outer protective plates and creates 

structural stability at the cost of weight. The sides 

are adjusted for this purpose. A firewall in the 

front and back have been created with room taken 

to fit passing steering wheel geometry. Angles of 

the fastenings of wheelhouse beams and shock 

absorbers specified to 5 deg inwards as the 

original frame was constructed, making certain 

no further adjustments to tires or attachments may be necessary. Initial design of 

guide-pin systems and solutions prepared and engaged together with integration of 

several previously individually attached flanges for outer shell attachment. They 

are integrated into the firewall in the front and back of the battery box.  

Several features are still missing or remains 

incomplete in this update of the first edition, however 

the following meeting with Thomas rendered the 

current frame to a state where a complete rework of 

the product was possibly the simplest approach as a 

request for an impactful simplifying of the geometry 

and integration of features was proposed. The driving 

factor of these suggestions was the economical factor 

of the project where the current frame need to remain 

Figure 4.14 presents the first draft, 

primarily based on literature and 

optimization results. 

Figure 4.15 presents the first major 

revision of the draft, with several major 

adjustments in place. 

Figure 4.16 of revision 2 from an 

isometric perspective. 
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financially competitive during a strong limitation to batch size. This pulls the 

projects resulting product further from what the state-of-the-art competitors display 

as well as from the implications from previously reviewed literature on the topic 

with related optimizations both within topological optimization for weight and 

material performance as well as restraining the manufacturing methods further. The 

challenge at this point more and more leans to creating the best solution under 

strong design boundaries. 

4.2.13 Revision 3 – Impactful rework of design and further derailing from previous 

resulting indications motivated DfC 

The third edition of the design features a major structural impact to the front of the 

frame primarily where the lines have been aligned throughout the entire chassis’ 

length for greatly reduced manufacturing operations. Further, the result of these 

line-integrations lead to that the attachment points for the control-arms end up on 

the inside of the outer plate boundaries. This new property of the design was used 

as a facilitating opportunity for the frame’s protective properties against the 

elements by introducing a solution by concave cups placed over the attachment 

points. This led to that the end-pieces of the fastening screws for the beams remain 

inside of the plate shell and avoids exposure from mud, salt, and water.  

Another geometrical improvement that can be 

deduced from this edition of the design is that 

several flat surfaces previously perpendicular to 

the traveling direction, located at the border 

between the battery- and passenger 

compartments has been eliminated, providing a 

more aerodynamic shape. 

In this design-edition, the parametric optimization holds a paramount priority with 

primary respect taken to DFC. This leads to the necessity of relying on a balance 

between as few individual parts as possible and the amount of manufacturing 

operations. Another result of this was the integration of the front wall together with 

the firewall as well as the battery holding pad, which will also serve as a structural 

stabilization as shown in appendix 16, on open- versus closed profiles’ strength. 

A major redesign of this edition was the removal of the central stabilizing beam 

structure in the bottom of the frame. This leads to a great reduction in necessary 

bending operations as well as individual parts, but strongly undermines the 

implications from the available literature on the topic of structural stability as 

described in appendix 7. The cross-section stabilizer is now represented by a steel-

sheet beam to which the steering wheel axis structure is attached onto, and creates 

a closed system together with the integrated firewall plates. 

Figure 4.17 showing product revision no. 5, 

featuring an early adaption of some new 

solutions. 
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Regarding the mid- and rear ROPS, they are 

suggested to remain as they previously have 

been designed with square profiles for an 

economical benefit. Additionally, the rear 

beams were reworked to feature strict 

perpendicular angles for the same reason, which 

in turn gave a major impact to the rear part of 

the frame’s guidelines. 

4.2.14 Revision 4 – Additional DFC rework 

The final stage of the design mostly includes less noticeable changes, with a heavy 

focus on overall detail and final adjustments. Most of the work revolves around 

optimizing and adjusting the introduced “cup-system” for the control arms, with a 

relatively high level of focus on DFA as a complement 

for DFC. The changes include the lowering of the top 

firewall plate to the bottom of the upper cup system for 

better stability and integrating the axis alignment into 

the cup-system, removing several instances of double-

plates. The result of this decision included widening of 

the control-arms geometry, and was decided by the 

project owner. 

The rear section of the frame also saw 

some major changes, with the rear-plate 

lowed to allow a smoother fastening of the 

back-up battery as well as a symmetrical 

shape throughout the body. The fastening-

clamps for the rear axis were also reworked 

to feature an attachable plate that could 

hold a pre-fabricated lock-in system made 

from plastic. 

  

Figure 4.18 from a front- and an isometric 

perspective, for a clearer illustration of the 

design. 

Figure 4.19 presents an isometric 

view of the final revision no. 6. 

Figure 4.20 of revision no. 6 from the side, 

illustrating some of the further developed features 

of the final design. 
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5 CONCLUSIONS  

5.1 Discussion regarding validity of findings 

When looking at the early setup of design optimization, several logical connections 

can be made between the results generated and following design decisions made 

based on the analyses. The initial decision of a beam-shaped spine structure of the 

frame was both based on direct information about designing frame structures 

through (Chawla, 2011) and (Corolla, 2009). Further, the decisions can be logically 

understood following the mathematical relationship between dimensions found in 

equations regarding bending- and torque stiffness found in (Björk, 2014) among 

other sources. This also applies to the decisions made when developing the analyses 

of the completely sheet-metal based concept developed through several stages, 

adding structural stability as the design evolved.  

Considering the first primitive draft as an academically driven- and motivated 

concept, there is a strong contrast between that draft and the final product. Once 

specific customer requirements made by the project owner are directed to the 

developed draft, there is little to no reason to work against complying to those 

requests. Failure to do so would render the work dysfunctional regarding fulfilling 

the aim of the project provided.  

A strong point experienced regarding product development and the reality 

surrounding the field, is the extent of restrictions often associated with design 

freedom. The aspect of DFC has in this project been held paramount to all other 

optimization areas, and have heavily impacted the outcome of the design. Together 

with the inability to mathematically verify the structural stability of the requested 

design due to heavy limitations on available CAE software, the reliability of these 

dimensions and supports are at this point dependent on the project owner’s personal 

experience and previous dealings with vehicle development. 

The final concept presented do have several well-developed systems and functions 

integrated, with safety measures followed by a logical reasoning made by Thomas 

in the role of project owner and end-customer of the performed project. The 

suggestions and advice offered as feedback is treated as customer requirements 

made at Thomas’ own discretion. Additionally, there can be added to this concern 

that a rigorous examination of available literature, information, and through 

interviews with institutes responsible for the legislations regarding vehicles in this 

category, no evidence of contradicting requirements of these decisions were 

encountered. 
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5.2 Conclusions drawn from the performed project 

 Results are directly influenced by advice and suggestions made at the project 

owner’s personal sole discretion. Following these design features have been 

indisputable from an end-customer satisfaction point of perspective, and therefore 

overrides previously attained information regarding suggestions and design 

outlines for a vehicle of this type. 

 Presenting a primitive draft with several unfinished and still non-added features 

proved to be a good decision considering the otherwise increased time spend 

perfecting a concept driven by design guides about to be significantly altered or 

bypassed, with impactful results following that. 

 It is possible that some level of involvement in the documents produced while 

assessing the results of the initial theoretical frame of reference, practical study 

visits, and guided tours, could have been justified at an earlier stage. The matter 

heavily rely on how the project owner is identified, as either a project member 

or a customer. In this project, the role was treated as being an end-customer to 

the results, and therefore not being involved in the work more than when a 

produced draft could be provided for feedback to the proposed solution. On the 

other hand, the decision of the project owner regarding changes to the business 

strategy during the project has had consequences for the verification of legal 

compliance and design requirements. 

 As there were several major design alterations imposed by the project owner 

which had not been previously investigated regarding structural stability or 

legal requirements, a risk for compromising the reliability of the result became 

an obvious possibility. A thorough investigation of literature, with information 

provided, with interviews with the institutes providing the regulations regarding 

this vehicle type, all legislations regarding safety was fulfilled at the final 

decisions for the concept.  

 In this project, the impacts made in response to DFC-oriented decisions were 

significant. Most of the results yielded from the initial analytic approach to 

material and stability optimization were changed out as the design developed to 

respond to the problems posed by primarily the economic interests. This is a 

difficult aspect to overlook considering the initial batch size, while still needing 

to remain competitive when providing a price for the product to the customer, 

relative to competitor pricings.  

5.3 Recommendation to future activities  

 The primary recommendation for the future development of this chassis system 

is to dedicate a substantial effort in verifying the reliability of the dimensions 

of the frame with respect to the expected loads applied. This could possibly be 

beneficial to do through a sophisticated CAE-software which supports a 

detailed load case scenario and features a broad spectrum of different strain 
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types such as temperature fluctuation, long term vibrations, static and dynamic 

load scenarios, forced displacement, etc. 

 Defining which type of adhesion is best suitable for each individual part 

depending on the results of the previous results from the load cases. The 

different adhesions can vary between bolt and nut, gluing, screwing, pop 

riveting, hemming, clinching, and welding, with assorted methods and 

application styles.  

 Optimizing material usage further by both looking at required sheet-thickness 

and possible cut-outs in combination to lower the final mass of the vehicle as 

much as possible while still maintaining a reliable structure without any weak 

spots 

 Possibly designing certain intended deformation zones to create a more 

protected environment for the user in case of a collision or other impact 

resulting accident which could occur. 



51 

 

6 CRITICAL REVIEW  

An important measure when finalizing a project is to take a step back and overview 

the implications and potential effects associated with the product development in 

extension. Many produced products effect a large group of important aspects, and 

as the consequences often can be traced far, including other parts of the world, it is 

crucial to ensure that what the thesis implies supports a sustainable development 

through the entire lifecycle of the product.  

6.1 Aspects 

6.1.1 Ethical aspects 

The development of a one-person commuting vehicle entirely fueled electricity help 

with overcrowded roads within cities as well as facilitating the maturity of non-

fossil fueled alternatives, which can provide a health improvement to a lot of 

peoples living conditions. 

6.1.2 Social aspects 

The potential of this project eventually becoming available for commercial 

purchase and thus become a source of income for the project owner could provide 

a motivation for other private builders to pursue the field, and through that push up 

the development further while creating more job possibilities within that field, and 

take advantage of the fact that there is potentially a large source of inspiration and 

entrepreneurship dormant within the Swedish private building sector. 

6.1.3 Economical aspects 

Development of entrepreneurship within industry is good for economic growth and 

increased job opportunities. The aspect of this field’s growth in extension being a 

source of making former job positions obsolete in other industries is difficult to 

predict. 

6.1.4 Environmental aspects 

Producing any product which bypasses the need for fossilized fuel sources, provides 

a better standpoint for further development by others. However, it is important to 

be mindful of the techniques, materials, and components used within the developed 

concept. It is important to look at a broader perspective then simply direct emissions 

by the vehicle, where for example the emissions from the source that produces the 

electricity used to charge the batteries also becomes a direct link for potential 

pollution. A full LCA should always be done when considering environmental 

impacts of a product. 

6.1.5 Occupational health and safety, OSH aspects 

The project was primarily conducted in a home environment where most of the 

modelling and report writing was done. The negative health aspect of spending 

excess time seated was partially attended using an adjustable desk which 
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encouraged standing up, and by taking micro pauses regularly. At the occasions 

visiting the workshop of the vehicle, no immediate health risks were experienced, 

as it could be considered a safely organized environment. 

6.2 What that could have been performed in a better way 

6.2.1 Effect of chosen methodology 

The methodology yielded a solid foundation to begin working from. Looping the 

resulting product proposal with the project owner regularly provided a tremendous 

development and ensured a relevant and functional result which better met the 

customer requirements. Even though deciding to present results to the project owner 

at a relatively design-wise early stage – it can be argued that even earlier 

involvement could have been beneficial. 

6.2.2 Effect of chosen tools 

Using modelling- and illustrative tools accustomed to, yielded a smooth work flow 

during development. And working by the selected design tools facilitated an idea 

of a starting approach and general outline. However, methodology design tools 

quickly became obsolete as key individual was not properly involved in their 

development. Aside from this, a direct effect of working with tools bound by limited 

licensing (Catia V5 Student Edition, Inspire 2016) had a strong negative effect on 

the potential for quality of certain areas within the project. 

6.2.3 Relevance of the literature 

From a design perspective, the literature yielded little results by the end of the 

project due to heavy design constraints. A positive aspect is that they gave a strong 

foundation to the start of developing a first draft, with several properly motivated 

features and decisions behind it. 

6.2.4 Relevance of the involved persons 

There are several external individuals involved in this project who have helped 

through interviews regarding topics such as joining methods on new materials as 

well as legislations regarding the vehicle. They have provided a valuable source of 

feedback and information. Also, the several hours long guided tour within the 

intended manufacturing facilities at Weland AB have played a key role in providing 

knowledge used to strengthen design decisions during the developing phase. 

6.2.5 Others 

With April and May being the most popular time of the year for vehicle inspections, 

the SFRO inspectors work seven days between 7 am and 10 pm. During this period, 

there is not much time left for academic discussions. 
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Appendix 1 Roll bar (ROPS) 

Roll bar (ROPS) 2017-04-19 

Absence of recommendations for roll bar in the article on safety cage and roll bar 

by Luigi de Barone and Gustaf Ulander led to a phone call with Luigi. (Ulander & 

de Barone, 2015)  

The SFRO inspectors are not allowed to assist the customer in vehicle design, but 

supports with general design praxis.  

Luigi informed that SFRO has no requirements for the trike to be equipped with a 

roll bar. If the builder prefers to add roll bar, he recommends a seamless circular 

steel tube of S355 with 40 mm in diameter with 2 mm wall thickness assembled to 

the body whilst MAG-weld with a-measure (throat) of 1.5 x wall thickness, and for 

further information, the regulations stipulated for racing cars by Svenska 

Bilsportförbundet (the Swedish national motorsport authority), or FIA ( Fédération 

Internationale de l'Automobile), (International Automobile Federation). 

The supervisor of this thesis gave a recommendation to find standard for roll bar 

for automobiles. Herman Leufstadius at the Swedish Standards Institute gave the 

information, in an interview on the phone, that there are no standards on ROPS for 

automobiles but there are requirements stipulated by crash test institutes. 

The Swedish independent crash safety laboratory, VTI, does not test automobiles. 

https://www.vti.se/en/Research-areas/Crash-safety-testing/  

The Insurance Institute for Highway Safety, IIHS 

http://www.iihs.org/iihs/news/desktopnews/first-institute-tests-of-convertibles-

saab-and-volvo-models-are-top-performers-3-are-marginal-in-side-impact-test 

From ‘First institute test of Convertibles’: “The Institute adds a requirement for 

convertibles which must be equipped with roll bars designed to preserve occupants' 

headroom if a convertible rolls over.” See the clip 2:20 min about roll bars and pop-

up roll bars: http://www.iihs.org/iihs/news/desktopnews/first-institute-tests-of-

convertibles-saab-and-volvo-models-are-top-performers-3-are-marginal-in-side-

impact-test 

No requirements on roll bars were found at the Insurance Institute for Highway 

Safety, IIHS (www.iihs.com) or Autoliv (www.autoliv.com). (Autoliv was 

included within the list of companies that carsh-test Cars according to 

https://independentmotors.net/crash-test/) 

Svenska Bilsportförbundet (the Swedish national motorsport authority) 

http://web.sbf.se/regler/up/4/RA_SPVM_Sportvagnsreglementen-2016-2018.pdf 

Sportvagnsreglementen 2016-2018, utgåva 20160329 
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Extract 

2.8 Skyddsbåge/Bur 

Se TR5.8. Följande minimikrav gäller:  

2.8.1 RS  

 

Öppen bil: Huvudbåge med två längsgående strävor riktade bakåt eller 

framåt från bågens högsta del samt en diagonalsträva. Skyddsbur 

rekommenderas.  

Täckt bil:. Skyddsbur 

 

Sports Car Club of America (in Topeka, Kansas), SCCA Solo Rules Appendix 

C - Solo® Roll Bar Standards -- 2017-01-17 https://www.scca.com/pages/solo-

cars-and-rules 

http://cdn.growassets.net/user_files/scca/downloads/000/019/026/2017-01-17-

appendix-C-roll-bar-standards.pdf?1484693531 

Extract 

Vehicle 

Weight (lbs.) 

 

(kg) 

Tubing Size (min.) 

outside diameter x wall thickness (in.) 

Over 2500 Over 1134 1.500 x 0.120 

1.750 x 0.095 

2.000 x 0.080 

1501 - 2500 681-1134 1.500 x 0.095 

1.625 x 0.080 

1000 - 1500 454-680 1.250 x 0.090 

1.375 x 0.080 

Under 1000 Under 454 1.000 x 0.060 

 

Cascade Sports Cars Club (in Portland, Oregon, USA), CSCC Convertible Roll Bar 

Requirements 

http://www.cascadesportscarclub.org/Driver%20Training/Final_Convertible_roll_bar_std

s.pdf  

Extract 

Vehicle 

Weight (lbs.) 

 

(kg) 

Tubing Size (min.) 

outside diameter x wall thickness (in.) 

Over 3500 Over 1588  2.00 x 0.120 

2001 - 3500 908 - 1588 1.75 x 0.120 

Under 2000 Under 907 1.50 x 0.120 or 1.75 x 0.090 

 

FIA 

http://www.fia.com/regulations/search?search_api_views_fulltext=Appendix+J+2

017+-+Article+253+-
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+Safety+Equipment+%28Groups+N%2C+A+and+RGT%29+-

+WMSC+09.03.2017+-+Corrected+on+29.03.2017 

2017 Appendix J – Artice 253 Safety Equipment (Groups N, A, R-GT) 

Département Technique / Technical Department 4/37 Publié le / Published on 

10.03.2017 CMSA – Corrected / WMSC on 09.03.2017 

Extractons 

Art. 6 Safety Harnesses 

In this case, the use of a transverse reinforcement is subject to the following 

conditions: 

 The transverse reinforcement must be a tube measuring at least 38 mm x 2.5 mm 

or 40 mm x 2 mm, made from cold drawn seamless carbon steel, with a minimum 

tensile strength of 350 N/mm2 

 The height of this reinforcement must be such that the shoulder straps, towards 

the rear, are directed downward with an angle of 

between 10° and 45° to the horizontal from the rim of the backrest, an angle of 

10° being recommended 

 The straps may be attached by looping or by screws, but in the latter case an 

insert must be welded for each mounting point 

(see Drawing 253‐67 for the dimensions). 

These inserts must be positioned in the reinforcement tube and the straps must be 

attached to them using bolts of M12 8.8 or 7/16UNF specification. 

Each anchorage point must be able to withstand a load of 1470daN, or 720 daN 

for the crotch straps. 

In the case of one anchorage point for two straps (prohibited for shoulder straps), 

the load considered must be equal to the sum of the required loads. 

For each new anchorage point created, a steel reinforcement plate width a surface 

area of at least 40 cm2 and a thickness of at least 3 mm must be used. 

Art. 8 Safety Cages 

8.3.2.5 Installation constraints 

Longitudinally, the safety cage must be entirely contained between the mounting 

points of the front and rear suspension elements 

carrying the vertical loads (springs and shock absorbers). 

Supplementary reinforcements exceeding these limits are authorized between the 

safety cage and the anchorage points of the rear antiroll bars on the 

bodyshell/chassis. 

Each of these anchorage points may be connected to the safety cage by a single 

tube with dimensions of 30 x 1.5mm. 
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In frontal projection, reinforcements of bends and junctions of the upper corners of 

the front roll‐cage must be only visible through the area of the windscreen described 

by Drawing 253‐48. 

8.3.1.6 Mounting of safety cages to the bodyshell/chassis 

Minimum mounting points are: 

 1 for each pillar of the front roll bar 

 1 for each pillar of the lateral roll bars or lateral half‐roll bars 

 1 for each pillar of the main roll bar 

 1 for each backstay 

To achieve an efficient mounting to the bodyshell, the original interior trim may 

be modified around the safety cages and their mountings by cutting it away or by 

distorting it. 

However, this modification does not permit the removal of complete parts of 

upholstery or trim. Where necessary, the fuse box may be moved to enable a 

safety cage to be fitted. 

Mounting points of the front, main, lateral roll bars or lateral half‐ roll bars : 

Each mounting foot must be attached by at least three bolts on a steel 

reinforcement plate at least 3 mm thick and of at least 120 cm2 area which is 

welded to the bodyshell.  

For cars homologated as from 01.01.2007, the area of 120 cm2 must be the 

contact surface between the reinforcement plate and the bodyshell. 

Examples according to Drawings 253‐50 to 253‐56. 

For Drawing 253‐52, the reinforcement plate need not necessarily be welded to 

the bodyshell.  

In the case of Drawing 253‐54, the sides of the mounting point may be closed 

with a welded plate. Fixing bolts must have a minimum diameter of M8 and a 

minimum quality of 8.8 (ISO standard). Fasteners must be self‐locking or fitted 

with lock washers. The angle between 2 bolts (measured from the tube axis at the 

level of the mounting foot cf. Drawing 253‐50) must not be less than 60 degrees. 

Mounting points of the backstays: 

Each backstay must be secured by a minimum of 2 M8 bolts with mounting feet 

of at least 60 cm2 area (Drawing 253‐57), or secured by a single bolt in double 

shear (Drawing 253‐58), provided it is of adequate section and strength and 

provided that a bush is welded into the backstay. 

These are minimum requirements. 

In addition, more fasteners may be used, the support plates of the mounting feet 

may be welded to reinforcement plates, the safety cage (as defined by Article 253‐
8.3.1) may be welded to the bodyshell/chassis 
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Special case: 

For non‐steel bodyshells/chassis, any weld between the cage and the 

bodyshell/chassis is prohibited, only the bonding of the reinforcement plate on the 

bodyshell/chassis is permitted. 

Tube specifications 

Only tubes with a circular section are authorized. Specifications of the tubes used: 

Material 

Min. 

tensile 

strength 

Minimum 

dimensions (mm) 
Use 

Cold drawn 

seamless 

unalloyed 

carbon steel 

(see below) 

containing a 

maximum of 

0.3 % of 

carbon 

350 

N/mm2 

45 x 2.5 

(1.75"x0.095") 

or 

50 x 2.0 

(2.0"x0.083") 

Main rollbar 

(Drawings 253‐1 and 253‐3) 

or 

Lateral rollbars +Rear 

transverse member 

(Drawing 253‐2) 

38 x 2.5 

(1.5"x0.095") 

or 

40 x 2.0 

(1.6"x0.083") 

Lateral half‐rollbars 

and other parts of the safety 

cage 

(unless otherwise indicated in 

the articles above) 

 

NOTE: 

For unalloyed steel, the maximum content of additives is 1.7 % for manganese and 

0.6 % for other elements. 

In selecting the steel, attention must be paid to obtaining good elongation properties 

and adequate weldability. The tubing must be bent by a cold working process and 

the centerline bend radius must be at least 3 times the tube diameter. 

If the tubing is ovalized during bending, the ratio of minor to major diameter must 

be 0.9 or greater. The surface at the level of the bends must be smooth and even, 

without ripples or cracks. 

Guidance on welding 

These must be carried out along the whole perimeter of the tube. All welds must be 

with full penetration and preferably using a gas‐shielded arc. When using heat‐

treated steel the special instructions of the manufacturers must be followed (special 

electrodes, gas protected welding). 
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Protective padding 

Where the occupants' bodies could come into contact with the safety cage, flame 

retardant padding must be provided for protection. All tubes of the cage identified 

on Drawing 253‐68 and all roof reinforcements must be fitted with paddings in 

compliance with FIA standard 8857‐2001 type A (see Technical List n°23). Each 

padding must be fixed in such a way that it is not moveable from the tube. 

Application: For all categories. For competitions without co‐driver, paddings are 

compulsory on driver's side only. 

(FIA Sport Technical Department, 2017) 

Result 

No change in design is needed. 

The project owner chooses to keep the current design of roll-over protection with 

Hammerglass and welded square tube since the total weight of the vehicle is under 450 

kg, that the Hammerglass was not affected at all during detonation test of 3 tonnes and 

that Luigi de Barone was the inspector granted Ecoist on public roads. (Meeting with 

Thomas Koch in Vejbystrand 2017-04-20.) 

Phone call with Luigi 2017-04-24 and he remembered the Ecoist vehicle design during 

inspection and the sufficient roll-over protection. 
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Appendix 2 SFRO Inspectors 

The SFRO inspectors are certified by the Swedish Transport Administration, 

Trafikverket. 
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Appendix 3 Competitors 

 

Renault 

Twizy 

https://www.renault.se/bilar/elbil

ar/twizy/prestanda.html 

 

Volkswagen 

Nils 

http://biltester.blogspot.se/2011/

09/elbilen-vw-nils-fixar-

jobbresan.html 

 

 

Morgan EV3 

1909 

Selfridges 

Edition 

 

https://www.morgan-

motor.co.uk/ev3-uk1909-

selfridges-edition/ 

 

 

Nissan Scoot 

Quad  

 

http://www.nissan-

global.com/EN/ZEROEMISSIO

N/APPROACH/NEWMOBILIT

YCONCEPT/ 
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Toyota i-

Road 

 

http://www.toyota-

global.com/showroom/toyota_de

sign/concept_cars/gallery_i-

road.html  

 

 

Arcimoto 

SRK 

 

https://www.arcimoto.com/ 

 

 

 

Elio Motors 

(any weather 

– even snow) 

 

https://www.eliomotors.com/abo

ut-elio/ 

 

 

 

(Mysmite) http://www.nyteknik.se/fordon/v

arldspremiar-for-smite-pa-

energitinget-6406629# (2017-

02-15) 

http://news.cision.com/se/smite/r

/svenskar-bakom-nytt-

fordon,c467258 

http://dawhois.com/site/mysmite

.com.html 

http://www.nordicgreen.net/start

ups/article/vehiconomics-time-
smite (2017-02-15) 

 
 



68 

 

 

 

 

 

 

 

(Honda 3R-C 

Concept) 

 

 

http://world.honda.com/worldne

ws/2010/4100224Geneva-

Motor-Show.html 

 

 

 

Lit Motors 

C1 

(selfbalacing, 

gyrascopes) 

 

 

https://www.youtube.com/watch

?v=jICGl9jmulc 

 

 

 
 

 

BMW C1-E 

electric 

scooter 

concept 

featuring 

Vectrix 

technology 

 

https://www.youtube.com/watch

?v=RNTSkXC0L6E 

http://www.webbikeworld.com/

BMW-motorcycles/bmw-c1-e/ 
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Appendix 4 EV Range at Lowest Costs 

EV Model 
Price 

[SEK] 
Range [km] 

Cost 

[SEK/km] 

Renault Zoe 41 kWh1) 273 664 403 679 

Renault Zoe 41 kWh2) 324 900 403 806 

Renault Zoe 22 kWh1) 245 064 240 1 021 

BMW i3 94 Ah 354 900 300 1 183 

Renault Zoe 22 kWh2) 299 900 240 1 250 

Volkswagen e-Golf 392 000 300 1 307 

Hyundai Ioniq Electric 371 900 280 1 328 

Nissan Leaf 30 kWh 336 490 250 1 346 

Nissan Leaf 24 kWh 317 490 199 1 595 

Kia Soul EV 369 900 212 1 745 

Volkswagen e-Up 279 900 160 1 749 

BMW i3 60 Ah 339 900 190 1 789 

Tesla Model S 100D 1 161 200 632 1 837 

Mercedes B250e 393 900 200 1 970 

Tesla Model S 75 955 600 480 1 991 

Tesla Model S 90D 1 126 000 557 2 022 

Tesla Model S 75D 1 014 600 490 2 071 

Tesla Model X 100D 1 240 500 565 2 196 

Tesla Model S 60 879 300 400 2 198 

Tesla Model S 60D 938 300 408 2 300 

Tesla Model X 90D 1 205 300 489 2 465 

Tesla Model X 75D 1 098 400 417 2 634 

Tesla Model S P100D 1 653 800 613 2 698 

Tesla Model X P100D 1 674 100 542 3 089 

1) Renault included battery rent for 10 000 km / year, during three years 699 kronor a month (799 

SEK a month for the 41 kWh-version). 

2) Includes battery. 

Official list price. Teslas document fee 3950 SEK not included. 

(Söderholm, 2017) 
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Appendix 5 Chassis Types and Development 

 

Frame from above, T-Ford 1917 (Netclassics, 2013) 
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Chassis structural analysis diagram (Donkin 1925) (Corolla, 2009) 
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Cruciform-braced chassis frame (Booth 1938 by permission Council of I.Mech.E.) 

(Corolla, 2009) 

 

 

 

Sheet steel backbone chassis (courtesy Lotus Cars Ltd) (Corolla, 2009) 
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Triangulated sports car structure (courtesy of Caterham Cars Ltd). (Corolla, 2009) 

 

 

 

 

Monocoque Formula F1 racing car structure (Scarborough, 2012) 
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Punt chassis (courtesy of Lotus Cars Ltd). (Corolla, 2009) 

 

 

Perimeter space frame (courtesy of Audi UK Ltd). (Corolla, 2009) 
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Typical Body-in White (BIW) Component (Tata Steel Patrick Kelder Product 

Marketing Manager BIW, 2013) 

 

Car Body Parts (Multi car Care , 2017) 
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Main Parts of the Automobile (When What How, 2017) 
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Appendix 6 Ecoist Block Diagram 
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Appendix 7 Examples of Cell Types and Their Chemistry 

 

(Ulander & Hoffman, 2012) 
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Appendix 8 Ecoist Batteries 

Two types of batteries are described with this appendix 

1. the driving battery pack in the front of the vehicle 

2. the auxiliary battery in the back 

 

1. Cell Power CPC 75-12LW 12V 75 Ah 

Relevant information of the battery type is not yet given by the supplier:  

Supplier ‘bdi batterier’, (Art No ?)  Weight ? kg. Dimensions 259 mm x 210 mm x 

168 mm? Valve regulated rechargeable battery.  

2017-04-28 ’dbi batterier’ 054 – 853760 Marcus => Ulf Magnusson + sent e-mail 

to Ulf. Ulf promise to reply on what performance the battery type delivers during 

its life cycle phase ‘Use’, se below.  

 Terms of mounting and use? 

 What kind of vibrations and forces can be applied to the battery in normal 

use? 

 What kind of vehicle collisions can the battery withstand, or forces can be 

applied to the battery in case of accidents? 

 Weight and dimensions?] 

(Magnusson, 2017) 

 

In spite of reminder, Ulf has not yet returned with a reply. (2017-05-15). 

 

Extractions from the manufacturer certification, see below. 

SECTION 1: PRODUCT IDENTIFICATION 

Product Name Maintenance Free SLA Batteries  

CP/CPC/CPT/CPX/CPH/CPL/CPW/CPF - Series  

Common Synonyms Sealed Lead Acid Battery, Motorcycle Battery, Automotive Battery, 

Gel Battery, Motive Power Battery; Dry Battery with Accessory  

DOT Description Wet Battery, Non-Spillable  

Chemical Family Electrical Battery Standby  

Manufacturer’s Name Cellpower Batteries  

Date Issued Jan. 05, 2012  
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SECTION 3: PHYSICAL DATA 

Components  Density Melting/Boiling 

(M/B) Point  

Solubility 

(H2O)  

Odor  Appearance  

Lead  11.34  327.46 °C, 621.43 

°F (M)  

None  None  Sliver-Gray Metal  

Lead Sulfate  6.20  1170 °C, 2138 °F 

(B)  

40 mg/l (15 

°C,  

59 °F)  

None  White crystals or 

powder  

Lead Dioxide  9.40  290 °C, 554 °F 

(M)  

None  None  Dark brown  

Powder  

Sulfuric Acid ~1.3 95°C -115°C, 

203°F -  

240°F (B) 

  Clear Colorless  

Liquid 

Fiberglass  

Separator 

-- --  None White Fibrous 

Case Material: 

Acrylonitrile 

Butadine  

Styrene (ABS) or  

Polypropylene 

(PP) 

-- -- None None Solid 

 

SECTION 4: FLAMMABILITY DATA 

Components  Flash-

point 

Explosive 

Limits  

Comments 

Lead  None  None  None  

Sulfuric Acid  None  None  None  

Hydrogen  --  LEL=4.1  Sealed batteries can emit hydrogen only if over 

charged (float voltage> 2.4 VPC). The gas enters the 

air through the vent caps. To avoid the chance of a 

fire or explosion, keep sparks and other sources of 

ignition away from the battery. Extinguishing Media: 

Dry chemical, foam, CO  

Fiberglass  

Separator  

--  --  Toxic vapors may be released. In case of fire: wear 

self-contained breathing apparatus  

Acrylonitrile 

Butadine Styrene 

(ABS) or 

Polypropylene 

(PP)  

None  --  Temperatures over 300 ～ 380 °C (572 ～ 653°F) 

may release combustible gases. In case of fire: wear 

positive pressure self-contained breathing apparatus 

 

  



81 

 

SECTION 5:  REACTIVITY DATA 

COMPONENT  Lead/lead compounds  

Stability  Stable  

Incompatibility  Potassium, carbides, sulfides, peroxides, phosphorus, sulfurs, ketone, 

ester, petrolatum  

Decomposition products  Oxides of lead and sulfur.  

Condition to avoid  High temperature, Sparks and other sources of ignition.  

COMPONENT  Sulfuric Acid  

Stability  Stable  

Incompatibility  Reactive metals, strong bases, most organic compounds  

Decomposition products  Sulfuric dioxide, trioxide, hydrogen sulfide, hydrogen  

Condition to avoid  Prohibit smoking, sparks, etc. from battery charging area. Avoid 

mixing acid with other chemicals.  

POLYMERIZTION  Sulfuric acid will not polymerize  

 

SECTION 6: HEALTH HAZARD DATA  

“Battery is considered as sealed non-spillable one. Under normal operating 

conditions, the materials sealed inside should not be hazardous to people’s health. 

Only when these materials exposed during production or under case broken 

condition or being extremely heated (fired), they may be hazardous to people’s 

health.” 

 

SECTION 11: CONTROL MEASURES  

Engineering Controls  

Store and handle in well-ventilated area. If mechanical ventilation is used, 

components must be acid resistant  

Work Practices  

Handle batteries cautiously to avoid damaging the case. Avoid contact with internal 

components. Do not allow metallic articles to contact the battery terminals during 

handling.  

Respiratory Protection  

None required under normal conditions. When concentrations of sulfuric acid mist 

are known to exceed PEL, use NIOSH  
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or MSHA-approved respiratory protection.  

Personal Protection and Equipment  

None needed under normal conditions. If battery case is damaged,  

• Protective gloves: use rubber or plastic acid-resistant gloves with elbow-length 

gauntlet.  

• Eye protection: use chemical goggles or face shield.  

• Other protection: Acid-resistant apron. Under severe exposure or emergency 

conditions, wear acid –resistant clothing and boots.  

• In areas where sulfuric acid is handled in concentrations greater than 1%, 

emergency eyewash stations and showers should be provided, with unlimited water 

supply. 

 

SECTION 14: TRANSPORTATION REGULATIONS (Non-Restricted Status)  

Proper Shipping Name  

UN2800 - Batteries, wet, Non- Spillable, and electric storage  

Batteries, dry, Non-Spillable, and dry storage  

North America Ground and Air Shipment  

Our non-spillable lead acid batteries are under the U.S. Department of 

Transportation’s (DOT) hazardous materials regulations but are excepted from 

these regulations since they meet all of the following requirements found at 49 CFR 

173.159(d) – NMFC # 60680 Class 65.  

• When offered for transport, the batteries are protected against short circuits and 

securely packaged as required by 49 CFR 173.159(d) (1);  

• The batteries and outer packaging are marked with the words NONSPILLABLE 

BATTERY as required by 49 CFR173.159(d) (2); 

The batteries comply with the vibration and pressure differential tests found in 49 

CFR 173.159(d) (3) and “crack test” found at 49 CFR 173.159(d) (4). 

 

 

(Cell Power, 2014) 
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Clarifications of references within the extractions from the manufacturer 

certification 

 

 Hazardous Material Classification, PHMSA HazMat Transportation 

Regulations  

Packaging Wet Batteries for Transportation – 49 CFR 173.159  

(Daniels Training Services Daniel Stoehr, 2016) 

 

 

 49 CFR 173.159(d) 

(1) Electric storage batteries are firmly secured to skids or pallets capable of 

withstanding the shocks normally incident to transportation are authorized for 

transportation by rail, highway, or vessel. The height of the completed unit must 

not exceed 1 1/2 times the width of the skid or pallet. The unit must be capable of 

withstanding, without damage, a superimposed weight equal to two times the 

weight of the unit or, if the weight of the unit exceeds 907 kg (2,000 pounds), a 

superimposed weight of 1814 kg (4,000 pounds). Battery terminals must not be 

relied upon to support any part of the superimposed weight and must not short out 

if a conductive material is placed in direct contact with them. 

(6) Single batteries not exceeding 34 kg (75 pounds) each, packed in 5-sided slip 

covers or in completely closed fiberboard boxes. Slip covers and boxes must be of 

solid or double-faced corrugated fiberboard of at least 91 kg (200 pounds) Mullen 

test strength. The slip cover or fiberboard box must fit snugly and provide inside 

top clearance of at least 1.3 cm (0.5 inch) above battery terminals and filler caps 

with reinforcement in place. Assembled for shipment, the bottom edges of the 

slipcover must come to within 2.5 cm (1 inch) of the bottom of the battery. The 

completed package (battery and box or slip cover) must be capable of withstanding 

a top-to-bottom compression test of at least 225 kg (500 pounds) without damage 

to battery terminal caps, cell covers or filler caps. 

(Cornell Univerity Law School, 2016) 

 

 

 

 

  



84 

 

2. Lead accumulator 12 V 18 Ah 

Supplier Biltema, Art No 80413. Weight 6.3 kg. Dimensions, in mm: 181x167x76. 

The accumulator is valve regulated and maintenance-free and should not be 

exposed to fire, and the battery terminals must not be short circuit. It contains strong 

corrosive acid, so be aware to never load/reload the battery in tight space or turned 

upside down. (Biltema, 2017) 

The customer has a four-year warranty of leakage free battery during normal use 

and mounting. They-manufacturer has not issued any guarantee that the batteries 

can withstand leakage in case of spinning or roll-over in accidents. (Biltema's 

Customer Service, 2017) 

Data Sheet 

     

(Biltema's Customer Service, 2017) 

The different weight data is due to errors from Biltema. The Product Department 

investigates and Customer Service returns after all weights of all batteries has 

been updated. (Biltema's Customer Service, 2017) 

Biltema’s Customer Service has not yet returned with information (2017-05-15). 
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Appendix 9 Certificate Options 

Alternatives Certificate 

Options 

 Application Procedure 

Manufacturer with a 

quality management 

system.  

 

Report procedures, initial 

control, and others, to 

Transportstyrelsen.  

 

EC whole 

vehicle 

approval 

 

 

Certificate of 

conformity – 

CoC 

2007/46/EC Information document 

according to 2007/46/EC. 

 

For WVTA, testing is 

required by a technical 

service registered for 

Sweden. They are listed on 

the European Commission 

DocsRoom Technical 

Services website.   

Manufacturer with a 

quality management 

system.  

Report procedures, initial 

control, to 

Transportstyrelsen.  

Show that the 

requirements of TSFS 

2010:2 are met.  

Leave at least one vehicle 

for tests. 

National type-

approvals off 

vehicles 

manufactured in 

small series 

VVFS 2003:28 

changed by 

TSFS 2010:77 

VVFS 2003:28 changed 

by VVFS2006:140, VVFS 

2007:663, VVFS 

2008:286. 

 

Attach documents to the 

items in Appendix 1 

Technical Information 

Document. 

The applicant is not 

necessarily directly 

involved in all stages of 

manufacture of the vehicle 

to be approved. 

 

Quality management 

system is needed.  

 

The manufacturer shall 

present the vehicle through 

the information document. 

The application must be 

signed and state what the 

manufacturer applies for. 

 

An information document 

with accompanying 

attachments and test 

reports shall be attached to 

the application as digital 

forms (pdf). 

General type-

approval of 

vehicles. 

Domestic and 

Foregin 

 

 

 

 

 

Certificate of 

conformity – 

CoC 

For Sweden: 

 2007/46/EC, 

eller 

 VVFS 

2003:28 

changed by 

TSFS 

2010:77 

 

 

Other countries 

according to 

their regulations. 

In order to receive type 

approval, the requirements 

set out in the directives 

and regulations must be 

confirmed, which is 

usually done by means of 

component/systems type 

approvals or tests. 

 

 

For EC whole vehicle 

approvals, the type-

approval tests shall be 

performed by the technical 

service. For national type-

approvals of small series 

vehicles, the manufacturer 

may make tests on their 

own.  

 

Not possible for 

motorcycles. 

Manufacturer without a 

quality management 

system.  

Individual 

approval 

Passenger car, 

lorry and bus 

and trailer.  

Not possible for 

motorcycles. 

Prototype or individual 

vehicle building 

Manufacturer with or 

without a quality 

management system.  

SFRO   
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Manufacturer with or 

without a quality 

management system.  

Registration 

inspection 

New, rebuild or 

imported 

vehicles. 

 

Manufacturer with or 

without a quality 

management system.  

 

 

 

 

Vehicle import 

and control on 

origin 

New vehicles, 

either 

 imported by 

registered 

importers 

(including 

general agents)  

 or 

manufactured by 

professional 

manufacturers in 

Sweden.  

Possible for motorcycles, 

passenger cars and trucks. 

(Transportstyrelsen, 2017) (Hammarbäck & Vainionpaa, 2017) 

Links 

https://www.transportstyrelsen.se/globalassets/global/vag/fordon/eu-helfordonsgodkannanden.pdf  

https://www.transportstyrelsen.se/globalassets/global/vag/fordon/nationella-

helfordonsgodkannanden.pdf 

https://www.transportstyrelsen.se/globalassets/global/vag/fordon/allmant-om-

helfordonsgodkannanden.pdf  

https://www.transportstyrelsen.se/sv/vagtrafik/Fordon/Enskilt-godkannande/ 

https://transportstyrelsen.se/sv/vagtrafik/Fordon/Fordonsimport-och-ursprungskontroll/ 

Initial Control, Meaning 

Fordonsförodning (2009:211) Kap 3 Typgodkännande 7§ Indelande kontroll 

7 § Innan godkännandemyndigheten beviljar ett typgodkännande, ska den kontrollera att det hos 

tillverkaren finns tillfredsställande rutiner och metoder som säkerställer en effektiv kontroll av att 

serietillverkade fordon, system, komponenter och separata tekniska enheter stämmer överens med 

den godkända typen.  (Sveriges Riksdag (The Swedish Parliament), 2009) 

Vehicle Regulation (2009:211) Ch 3 Type Approval 7§ Initial control  

7§ Before granting a certificate of conformity, the approving authority controls that the manufacturer 

has satisfactory procedures and methods to ensure effective control of serial manufactured vehicles, 

systems, components and separate technical units consistent with the approved type. 

 

Vehicle Category Small 

series

  

From 

M1 Vehicles designed and constructed for 

the carriage of passengers and comprising 

no more than eight seats in addition to the 

driver’s seat. 

75 2007/46/EC Framework Directive 

L5e-A Tricycle 75 168/2013/EC EC Regulation 

(EUR-Lex, 2017)  
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Appendix 10 Technical Services in Sweden 

Technical Services – Sweden 

 

Accredited for the following Directives 

on two- or three-wheeled motor vehicles 

 

Last updated: 12.04.2017 

Document date: 17/02/2015 - Created by GROW.DDG1.C.4 - Publication 

date: 12/04/2017 

http://ec.europa.eu/DocsRoom/documents/22641?locale=en 
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93/14/EEC Braking of two or three-wheel motor vehicles   A, B, D  

93/30/EEC Audible warning devices for two or three-wheel motor 

vehicles 

  A, B, D  

93/33/EEC Protective devices intended to prevent the unauthorized 

use of two or three-wheel motor vehicles 

  A, B, D  

93/93/EEC Masses and dimensions of two or three-wheel motor 

vehicles 

  A, B, D  

995/1/EC 

Annex I 

Maximum design speed, maximum torque and maximum 

net engine power of two or three-wheel motor vehicles 

  A, B, D  

95/1/EC 

Annex II 

A  A, B, D  

97/24/EC Certain components or characteristics of two or three-

wheel motor vehicles 

  A, B, D  

97/24/EC 

Ch 5 and 9 

A    

97/24/EC 

Ch 8 

Certain components or characteristics of two or three-

wheel motor vehicles 

 A, D  A, D 

2000/7/EC Speedometers and amendment of Directive 92/61/EEC   A, B, D  

2002/24/EC Type-approval of two or three-wheel motor vehicles   A, B, D  

2009/62/EC Space for mounting the rear registration plate of two or 

three-wheel motor vehicles 

  A, B, D  

2009/67/EC Installation of lighting and light signalling devices on 

two or three-wheel motor vehicles 

  A, B, D  

2009/78/EC Stands for two-wheel motor vehicles   A, B, D  

2009/79/EC Passenger hand-holds of two-wheel motor vehicles   A, B, D  

2009/80/EC Identification of controls, telltales and indicators for two 

or three-wheel motor vehicles 

  A, B, D  

2009/138/EC Statutory markings for two or three-wheel motor 

vehicles 

  A, B, D  

168/2013 Approval and market surveillance of two- or three-wheel 

vehicles and quadricycles 

  A, B, D  

3/2014 Vehicle functional safety requirements for the approval 

of two- or three wheel vehicles and quadricycles 

  A, B, D  

44/2014 

Exl Annexces 

I, III, IV, XV, 

and XVII 

Vehicle construction and general requirements for the 

approval of two or three-wheel vehicles and quadricycles 

  A, B, D  

134/2014 

Exl Annexces 

I, XI and XII 

Environmental and propulsion unit performance 

requirements 

  A, B, D  

 

 

(European Commission, 2017) 
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Appendix 11 Study of Regulations During Design 

 

  

Regulations

Car or/and

Motorcycle

SFRO

EU Directives

ECE Regulations

UNECE Regulations

CARS 21Organisations

SMC

Hogtech

FIA

Technical 
Services

Transportstyreslen

TVFS

Certification Options

Vägverket

VVFS

Sveriges riksdag

Näringsdepartementet 
SFS

Regeringskansliet FPM
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Appendix 12 Ecoist Regulation Flow Chart 
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DfC

DfC
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Appendix 13 Motorcycle EU Regulations 

168/2013/EC repeals 15 directives Apply from 

93/14/EEC 93/93/EEC 2000/7/EC 2009/62/EC 2009/79/EC 2016-01-01 

93/30/EEC 95/1/EC 2002/24/EC 2009/67/EC 2009/80/EC 

93/33/EEC 97/24/EC 2002/51/EC 2009/78/EC 2009/139/EC 

 

Type 168/2013/EC of  Apply from 

Commission 

Delgated 

Regulation 

2016/1824/EC 2016-07-14 Amending Delegated Regulation 

(EU) No 3/2014, Delegated 

Regulation (EU) No 44/2014 and 

Delegated Regulation (EU) No 

134/2014 with regard, 

respectively, to vehicle functional 

safety requirements, to vehicle 

construction and general 

requirements and to 

environmental and propulsion unit 

performance requirements 

2016-10-16 

Delegated 

Regulation 

3/2014/EC 2013-10-24 Vehicle functional safety 

requirements for the approval of 

two- or three-wheel vehicles and 

quadricycles 

2016-01-01 

Delegated 

Regulation 
44/2014/EC 2013-11-21 The vehicle construction and 

general requirements for the 

approval of two- or three- wheel 

vehicles and quadricycles 

2016-01-01 

Delegated 

Regulations 

134/2014/EC 2013-12-16 Environmental and propulsion 

unit performance requirements 

and amending Annex V thereof 

2016-01-01 

 

Type 168/2013/EC of  Apply from 

Corrigendum 

to 

Commission 

Implementing 

Regulation 

901/2014/EC 2016-07-18 The administrative requirements 

for the approval and market 

surveillance of two- or three-

wheel vehicles and quadricycles 

2016-01-01 

 

Type 168/2013/EC of  Apply from 

Corrigendum 

to 

Commission 

Implementing 

Regulation 

2016/1825/EC 2016-10-15 Amending Delegated Regulation 

(EU) No 3/2014, Delegated 

Regulation (EU) No 44/2014 and 

Delegated Regulation (EU) No 

134/2014 with regard, 

respectively, to vehicle functional 

safety requirements, to vehicle 

construction and general 

requirements and to 

environmental and propulsion 

unit performance requirements 

2016-10-16 

(EUR-Lex, 2017) (Göringberg, 2017) 
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Appendix 14 SFRO Regulations Guidance 

VVFS 2003:22 Vägverkets föreskrifter om bilar och släpvagnar som dras av bilar (Road 

Administration’s regulations for Automobiles and Trailers Attached to Automobiles), chapter 41 

’Särskilda krav för ombyggda och amatörbyggda personbilar och lätta lastbilar’ (Special 

requirements for rebuilt and amateaur-built passanger cars and light trucks). 

VVFS 2003:22 repeals 2013-12-01 and is replaced by TSFS 2013:63. 

TSFS 2013:63 Transportstyrelsens föreskrifter och allmänna råd om bilar och släpvagnar som dras 

av bilar (The Transport Agency’s Regulations and General Recommendations on Automobiles and 

Trailers attached to Automobiles) chapter 41 ’Särskilda krav för ombyggda och amatörbyggda 

personbilar och lätta lastbilar’ (Special requirements for rebuilt and amateaur-built passanger cars 

and light trucks). Valid from 2013-12-01. 

 

According to SFRO’s 

New Construction Handbook 1.2 

VVFS 2003:22 

Recent activities 

www.sfro.com 

TSFS 2013:63 

ECE 

Regulation 

Ch Areas Directive  Changed by Ch Repealed 

2014-10-31 

by 

 

31 Devices for 

indirect 

vision 

2003/97/EEC  31 2003/97/EEC  -  

28 Interior 

details 

74/60/EEC 2000/4/EC 28 74/60/EEC  

 

6
6

1
/2

0
0

9
/E

E
C

 

 

29 Seat 

durability 

and strength 

74/408/EEC 2005/39/EC 29 74/408/EEC  

 

 

2 Protruding 

parts 

74/483/EEC 2007/15/EC 1 74/483/EEC  

 

26 

30 Anchorage 

of seat belts 

76/115/EEC 96/38/EC 

2005/41/EC 

30 76/115/EEC  

37 Towing 

devices 

77/389/EEC 96/64/EC 37 77/389/EEC 

 

 

30 Seat belts 

and restraint 

systems 

77/541/EEC 

 

2005/40/EC 

 

30 77/541/EEC  

 

 

Areas in passenger cars and trucks (M1, N1) with importance to the vehicle frame. (Ulander et al, 2015) 

(SFRO, 2017) 

661/2009/EC concerns type-approval requirements for the general safety of motor vehicles, their 

trailers and systems, components and separate technical units intended therefor. 661/2009 repeals 

50 directives from 2016-01-01. 

https://www.transportstyrelsen.se/sv/Regler/sok-ts-

foreskrifter/?RuleNumber=2016:28&rulePrefix=TSFS 

Original form of TSFS 2013:63 is valid 2013-12-01. Changes do not affect the vehicle frame trough 

TFSFS 2013:84 valid 2013-12-10 and TSFS 2016:28 valid 2016-07-01. 

Transportstyrelsen has not yet implemented 661/2009/EEC when this report is written. 

(Ulander et al, 2015) (SFRO, 2017)  (Transportstyrelsen, 2017) (EUR-Lex, 2017) 
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Appendix 15 Surfaces and Radius 

74/483/EEC and ECE Regulation 26 determine external projections of motor 

vehicles . 

“Folds in body panels may have a radius of curvature of less than 2,5 mm provided 

that it is not less than one-tenth of the height ‘H’ of the projection. The height H of 

a projection is determined graphically by reference to the circumference of a 165 

mm diameter circle, internally tangential to the external outline of the external 

surface at the section to be checked. H is the maximum value of the distance, 

measured along a straight line passing through the centre of the 165 mm diameter 

circle between the circumference of the aforesaid circle and the external contour 

of the projection (see Figure 1). 

In cases where it is not possible for a 100 mm diameter circle to contact externally 

part of the external outline of the external surface at the section under 

consideration, the surface outline in this area will be assumed to be that formed by 

the circumference of the 100 mm diameter circle between its tangent points with the 

external outline (see Figure 2).” 

 

 

2007/15/EC describe the external projections of motor vehicles  

“If the line of the bumper, front or rear, corresponding to the outline contour of the 

vehicle, from a vertical projection, is on a rigid surface, that surface shall have a 

minimum radius of curvature of 5 mm for all points lying between the contour line 

and lines, above and below the contour line, which are the traces of points 20 mm 

inside, and measured normal to, the contour line at any point. A minimum surface 

radius of curvature of 2,5 mm shall apply to all other areas of the bumpers. 
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This provision applies to that part of the bumper lying between tangential points of 

contact of the contour line with two vertical planes each set at an angle of 15 

degrees with the vertical longitudinal plane of symmetry of the vehicle (see Figure 

1). “ 

 

 

 

(EUR-Lex, 2017) 
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Appendix 16 The Mechanical Design and product Support 

Process 

 

(Ullman, 2015)  
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Appendix 17 QFD 
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Appendix 18 Mathematica calculation example 
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Appendix 19 Safety factor analysis 
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