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ABSTRACT 

The purpose of the project is to, with the help of relevant course literature, knowledge obtained from previous 

courses and with the help of supervisor and colleagues, produce a concept suggestion of how the front lamp to a 

combat vehicle could be designed. The purpose is also, with the help of meticulous documentation and structured 

work, to do a project that it will possible to continue working on and eventually construct a prototype from.  

The methods that were used during this project were for example WBS, scrum board, Gantt-schedule and 

elimination matrix.  

The project started with a planning phase where the project plan and time schedules were set up. Then was the 

pilot study which is used to gather the knowledge needed to carry out the project. The information gathered in the 

pilot study were then summarized in a criterion matrix in the product specification. These criterions were then 

used in the concept selection phase as guidelines when generation ideas and develop concepts.  

After the concept selection three concept were chosen and presented for the employer and, in conjunction with the 

employer, it was decided to combine these concepts into one. 3D-models were then done with the help of CAD 

(Computer Aided Design) to illustrate this combined concept and associated material selection and manufacturing 

methods were done.  

The conclusion of this project was that the amount of innovative ideas and solutions were limited since the 

product is regulated by military standards and criterions from customers. Therefore, the outcome of the project is 

similar to previous versions, which is unfortunate, since the goal with the project were to come up with new and 

innovative concepts of how to design the front lamp. But even though this concepts design looks like the old 

design, it has few completely new things to it that haven’t existed in previous versions.  

It was also realized how much time you save during the project if you do a detailed planning at the start of the 

project and how valuable it is to be structured in the work process.  

Further work that is needed to be done on the project before the production of a prototype are calculations of the 

cost to manufacture and produce the product, strength calculations of the stress concentrations etc., and drawings 

of the product. The components of the front lamp, i.e. horn, lamps, sensors etc., also need to be selected in 

accordance with the criterion matrix. 
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SAMMANFATTNING 

Syftet med detta projekt är att, med hjälp av relevant kurslitteraturer, kunskap från tidigare kurser och med hjälp 

och stöd av handledare och kollegor, ta fram ett konceptförslag på hur frontlyktan till ett stridsfordon skulle kunna 

bli designad. Syftet är också, med hjälp av noggrann dokumentation och strukturerat arbete, att göra ett projekt 

som det är möjligt att fortsätta arbeta på och till slut kunna producera en prototyp ifrån.  

Metoderna som används i detta projekt är till exempel WBS, scrum board, Gantt-schema och eliminationsmatris.  

Projektet började med en planeringsfas där projektplanen och tidsplaner var gjorda. Sen gjordes förstudien för att 

tillhandahålla tillräckligt mycket information för att kunna genomföra projektet. Denna information summerades 

sedan i en kriteriematris i produktspecifikationen. Dessa kriterier användes sedan som riktlinjer vid 

idégenerationen och vid utveckling av koncept i konceptfasen.   

Efter konceptfasen valdes tre koncept att presenteras för arbetsgivaren och, i samråd med arbetsgivaren, valdes det 

att kombinera dessa koncept till ett. 3D-modeller gjordes sedan i CAD (Computer Aided Design) på detta koncept 

för att illustrera konceptet. Materialval och tillverkningsmetoder valdes också. 

Slutsatsen av detta projekt är att det var begränsande att utveckla innovativa idéer och lösningar till denna produkt 

eftersom produkten var styrd av militärstandarder och kundkrav. På grund av detta blev resultatet av projektet likt 

tidigare versioner, vilket är olyckligt, då målet med projektet var att utveckla en nya och innovativa koncept på 

hur designen av frontlyktan skulle kunna vara. Trots att designen är snarlik tidigare versioner, så har ändå detta 

koncept vissa funktion som är helt nya för produkten.  

På slutet av projektet var det också tydligt hur viktigt det är att göra en detaljerad planering vid starten av 

projektet och hur värdefullt det är att vara strukturerad i sitt arbete.  

Fortsatt arbete som måste göras innan en prototyp kan tas fram är en kostnadsanalys, hållfasthetsberäkningar och 

ritningar på konceptet. De olika komponenterna i frontlyktan måste också väljas, i enlighet med kraven i 

kriteriematrisen.  
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 Introduction 

In this chapter the background, purpose, aim and problem formulation of the product are presented.  

 

This work was done as a Master Thesis for a Master of Science in Engineering, Mechanical Engineering. The 

work was done with an assignment from the company BAE Systems and is constructing armoured vehicles, 

mainly combat vehicles.  

This report covers the Master Thesis Front Lamp to a combat vehicle by Ludvig Lundberg. 

The supervisor was JanErik Odhe and the examiner was Jens Bergström.  

 

1.1 BACKGROUND 

The combat vehicle is an armed infantry vehicle used for carrying infantry and to give support to fighting forces. 

In this project the front lamps of the combat vehicle are the main focus, see the two red circles in Figure 1. 

 

 
Figure 1. A combat vehicle with front lamps marked 

  

The front lamp of the combat vehicle has during many years had the same form and design. The vehicle is being 

changed depending on the customer demands and since different customers have different demands it is required 

for the front lamp to become more modular and thus alterable depending on requirements and demands from the 

different customers. Associated with this change, BAE were looking for a design change of the front lamp.  

Since the vehicle manoeuvrability is greatly affected by the weight of the vehicle, minimization of the weight of 

the front lamp were an important requirement from BAE.  

There was no predetermined budget for the product, but an unspoken requirement from BAE were that the 

product should been made cheaper than today´s solution.  

BAE have developed a design proposal on the new front lamp that can be used as inspiration. There were also a 

couple of competitor vehicles that could be analysed and used as a source of inspiration. 

 

 

1.2  PURPOSE 
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The purpose of the project was to, with the help of relevant course literature, knowledge obtained from previous 

courses and with the help of supervisor and colleagues, produce a concept suggestion of how the front lamp to a 

combat vehicle could be designed. The purpose was also, with the help of meticulous documentation and 

structured work, to do a project that it will possible to continue working on and eventually construct a prototype 

from.  

The project had a timeframe of 20 weeks.  

 

1.3  AIM 

The aim of the project was to produce at least three (3) concept suggestions on the right and left front lamp to a 

combat vehicle that fulfilled the company´s requirements and demands. Then decide, in accordance with BAE, 

which concept (of those three) that should be continued working on in terms of detailed 3D-models, choice of 

material and manufacturing methods.   

The aim of the project was also to construct a layout & design description that described the product´s 

components and functions and the relationship between them. This were made in terms of a 3D CAD-model, 

choice of material and suitable manufacturing methods.   

The result from the project should be able to be used as a foundation for continued work and eventually 

manufacturing of a prototype.  

 

1.4  PROBLEM FORMULATION 

The previous known problems with the front lamp were that it had to be removed to be able to change the tracks. 

To solve that problem the front lamp needed to be redesigned so it wasn´t in the way for the change of the tracks 

or design it so it would have been easy to move. Another problem was that a thick armour on the front or on the 

side of the vehicle were blocking the lights beams from the front lamp. To solve this problem, the armour got a 

chamfer to let the light beams pass. One way to solve this problem would be to make the front lamp moveable in 

the side-to-side-direction and front-to-back-direction. It would also be advantageously to minimize the weight of 

the front lamp because this would decrease the combined total weight of the vehicle, which were wanted since the 

vehicle manoeuvrability depends greatly on the weight. It was also advantageously to minimize the cost of 

manufacturing the front lamp, this could be done with either an easily treated material or an easily manufactured 

design.  

The problem formulation thus became:  

- How can the front lamp be more flexible and keep the functions? 

- How should the front lamp be designed to avoid unnecessary use of material? 

- How should the material be chosen to both minimize weight and minimize manufacturing costs? 

- How should the front lamp be designed to be easily manufactured? 

 

These problem formulations were answered with the help of relevant course literature, relevant software and 

through discussion with colleagues on BAE.  
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2 METHODOLOGY 

In this chapter the methods associated with each phase of the project were presented and described. The phases 

are planning, pilot study, product specification, concept selection and layout & design. Example of methods that 

have been used are WBS, scrum board, elimination matrix, relative decision matrix and criterion weight matrix. 

 

2.1  PLANNING 

In the planning-phase, the structure for the entire project is constructed and it is decided what is needed to be done 

to go from the literature study to a finished product. Planning is a necessary part in every type of project to ensure 

that it will be an effective use of the time. Literature covering the methods of project management provides a 

couple of different methods and thoughts about how planning of a project should be carried out. The most 

common tools to use is WBS- Work Breakdown Structure, Scrum Board, Logical Network and Gantt-Schedule. 

The tools are used to plan the workflow and duration of the different parts of the project. 

These are summarized and presented in the Project Plan. 

 

2.1.1 PROJECT PLAN 

The project plan is the document that lays the foundation of the project and it should contain background of the 

project, the aim of the project, the organization and different persons connected to the project, the project model 

where the different parts of the project are explained, any comments on the time schedule, a risk assessment and 

how the document handling should be handled. [1]   

 

In the background it should be described why the project is done and eventual work that has been done before the 

start of the project. Here is also a short introduction to the product so the reader can create an understanding of the 

product. Any budget restrictions for the project are also presented here. 

 

The aim of the project should describe what the end-point of the project is and what should be done to get there. It 

should also shortly describe the different phases of the project and possible future work.  

 

The organization and different persons connected to the project are described in the project plan to structure the 

project´s communication. The contact information to the contractor, employer and supervisor are displayed here. 

This is done to provide further structure to the project in terms of expressed supervisor, employees etc. and to give 

a simplified possibility to be able to contact the different parties.  

 

In the project model the different phases are described more in detail; what should be done in each phase and how 

the different phases are connected. The project model consists of: planning phase, pilot study, product 

specification, concept selection and layout & design. The project model also describes the different milestones 

that have been set up for the project. 

  

The possible comments to the time schedule are presented in the project plan, it can for example be if the project 

is divided into different workloads during different periods of time or if something might be hard for the reader to 

understand in the schedule.  

 

A risk assessment is always necessary to do in the beginning of a project to collateral possible problems during 

the project. Problems gets foreseen and necessary actions can be done to prevent the problem from happening, 

which will save a lot of valuable time and work.  

 

To assure that the correct version of a document is being worked with and that no documents are lost or deleted by 

mistake, the document handling in a project is very important. Thus, it is essential to determine early in the project 

how the document handling should be done.  
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2.1.2 WBS – WORK BREAKDOWN STRUCTURE 

WBS is being used, just as the name suggest, to break down the work in smaller parts, so called work packages. 

The work packages are being divided to their corresponding phases in the project. This is done to provide a more 

overall understand of what needs to be done during the different phases. Each work package is then assigned an 

estimated timeframe. The work packages and their estimated timeframes are then used to do a logical network and 

a Gantt-schedule. [2] 

An example of how a WBS can look like can be seen in Appendix B Figure 2.  

 

2.1.3 LOGICAL NETWORK 

A logical network is used to identify the dependencies of the different work packages in the WBS. The different 

work packages are assigned roughly estimated hours to then be able to construct a Critical Path according to 

CPM – Critical Path Method. The purpose is to identify the critical time, i.e. the maximal time the project will 

take to complete. This time will be roughly approximated and won’t take in consideration of possible problems or 

setbacks during the project. Though, it is useful to use the CPM to identify approximately how long time a project 

will take. [2] 

An example of how a logical network with an CPM can look like can be seen in Appendix B Figure 3.  

 

 

2.1.4 GANTT-SCHEDULE 

Gantt-schedule is a simple but effective method to do a detailed work schedule for a project. The work packages 

from the logical network are inserted into a coordinate system, where the work packages are on the Y-axis and the 

time is on the X-axis. The different activities are then assigned a staple according to the timeframe for that work 

package.  

Gantt-schedule is a good visual tool to see how far the project has progressed and how much time and work that 

are left. The advantages, compared to other time scheduling methods, are that it’s both easy to construct and easy 

to understand, even on a relative detailed level. It is also easy to understand the different milestones in a Gantt-

schedule. The downside is that the connections between different work packages are hard to understand and it’s 

not a useful method for management and follow-up of a project. [3] 

An example of how a Gantt-schedule can look like can be seen in Appendix B Figure 4.  

 

  

2.1.5 SCRUM BOARD 

Scrum board is a visual tool that is used to show what have been done, what should be done and what the project 

currently is working with. The scrum board’s shape is changed depending on the type of the project, but in most 

cases, there is the To Do, Ongoing and Done-columns. Then there is often plans, problems, different types of logs, 

targets and risks, all depending on the need for the project. [4] 

An example of how a Scrum Board can look like can be seen in Appendix B Figure 5.  
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2.2  PILOT STUDY 

During the pilot study, the information that is needed to carry out the project is analysed and summarized. This is 

a preventive phase to require enough basic knowledge about the product before doing the product specification 

and concept selection. The pilot study is divided into three parts: literature study, competitive analysis and 

analysis of technical conditions. [1] 

 

2.2.1 LITERATURE STUDY 

The literature study is done to analyse the information and knowledge that is needed to carry out the project. It can 

for example be to read rules and laws that applies to the product or learn how a certain part of the product works. 

The literature study is often a process that is reoccurring during the entire project. 

 

2.2.2 COMPETITOR ANALYSIS 

A competitor analysis is done to get ideas from competitors’ products that might be applied to the projects 

product. By studying and analysing other solutions, one can get a feeling about what is good, and what could be 

useful to use in the product. The information and knowledge required from the competitor analysis can later be 

used to come up with solutions to sub-functions or to get inspiration for the design of the product. 

 

2.2.3 ANALYSIS OF THE TECHNICAL CONDITIONS 

An analysis of the basic technical conditions for a product is necessary to do to require a basic understanding of 

how the product works and what parts have what function. Without this basic knowledge it will be hard to come 

up with solutions to different sub-functions later in the project. This basic knowledge also gives the basis to do a 

good project. 
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2.3  PRODUCT SPECIFICATION 

The product specification is a dynamic document that is deciding what shall be done in the project. In the product 

specification all the criteria’s and guidelines that were retrieved during the pilot-study that affects the product are 

summarized. Here is also the employer’s requests and other important information about the product gathered. 

The criteria’s in the product specification shall be written in such a way that they are solution independent, non-

redundant and verifiable where it can be done. [3] 

 

2.3.1 ANALYSIS OF THE FUNCTION 

The analysis of the function is done to identify what the product shall do in terms of functions rather than 

complete solutions. This way of breaking down the problem ensures that new better solutions are found, rather 

than just improving the old one.  

The product´s functions are then divided into head function, necessary functions and wanted functions. The main 

function is what the product firstly should be doing, the necessary functions are needed for the product to work 

and wanted functions are functions that raises the value of the product.  

 

2.3.2 CRITERIA MATRIX  

The criteria matrix is a tool that ensures that all parts of a product´s lifecycle are taken into consideration and thus 

gives a more correct product specification. The criteria matrix is often built up according to Olsson [1], where 

different lifecycle phases are correlated to different aspects. These phases can be chosen to fit the project but are 

often divided into these: Generation (development, construction, etc.), Manufacturing (production, assembly, 

control, storage, etc.), Disposal (sale, distribution, etc.), Consumption (installation, usage, maintenance, etc.), and 

Elimination (removal, recycle, destruction, etc.). Then the aspects are often: Process, Environment, Human and 

Economy, but these can be chosen to fit the project’s needs.  

From these different life cycles and aspects, a matrix is constructed with the different criteria’s corresponding to a 

life cycle and an aspect. In this matrix the different criterions are divided into W – Want and D – Demand, where 

wanted criterions are criteria’s that aren’t necessary for the product to function and are just a “bonus” and 

heightens the value of the product. The criteria’s that are demand criteria are criteria’s that the employer require 

and that shall be a part of the final product.  

The criterions are also divided into F – Functional and L – Limiting criteria’s, where functional criterions are the 

criteria’s that constitutes the different functions of the product and limiting criterions are criteria’s that limiting 

the possible solutions for the product. [1] 
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2.4  CONCEPT GENERATION 

The phase starts with an idea generation that is done to generate as much ideas as possible, it doesn’t have to be 

good ideas, even bad ideas can be used to some extent or modified to create a good idea. The next step is to 

combine and develop these ideas into solutions for the functions. Finally, in the Concept Selection phase, the best 

solutions are chosen and combined to form complete concepts. [1] 

 

2.4.1 GENERATION OF IDEAS 

This is the first step in the concept generation, in this step ideas are generated that can be developed into solutions 

that solve the necessary basic functions. The ideas are developed to solutions in the next phase, development of 

ideas and selection of ideas.  

When generating ideas there are a lot of different methods that can be used, for example: brainstorming, the 

Gordon method, analogy thinking, the discussion method and the idea shift method. [1]  

 

The brainstorming method is a creative method, a large group of 5-15 person with one leader have the goal to 

come up with as many ideas as possible. It´s not allowed to be critical to solutions, and outside-of-the-box-

thinking is requested. The method is usually divided into five steps: first regular ideas are developed, then its 

silence or lower pace in the idea generation, then the brainstorming is starting to kick in, and then silence or less 

production of ideas again, and finally unusual ideas are revealed. [1]  

 

The Gordon method is also a creative method, it is like brainstorming but instead of trying to produce and develop 

a lot of ideas, this method is focused on finding one really good idea instead. The group is not given the real 

problem right away, more and more information about the problem are given to the group the longer the 

discussion goes on. When the group starting to get close to a solution, the leader reveals the real problem and then 

the group need to alter their solution to solve the real problem. This method is most useful when creating totally 

new products and it’s very important to have a good group composition to be able to come up with new and good 

ideas. [1] 

 

Another version on brainstorming is a method called analogy thinking. It differs from brainstorming in the way 

that this method uses analogues from non-technical or part-technical areas when doing the idea generation. This 

way unconventional solutions that would not be found otherwise can be found. The four different analogues that 

usually are used is: fantasy analogy, direct analogy, symbol analogy and personal analogy. The process in this 

method can be: first an explanation of the problem, then make sure everyone understands the problem, and then 

start to make analogy’s and comparison with the previous mentioned analogues, then analyse the analogy’s that 

have been developed, compare the developed analogies with the problem, and finally develop a new idea from 

these comparisons. If an idea can’t be found the process starts over with a new type of analogy. [1] 

 

Discussion method is a creative process where the leader is working in a democratically way to help the group 

develop a good solution and to let every part of the group get their ideas in the mix. This kind of method require a 

good leader to be able to come up with as good suggestions as possible. When the time is over the best 

suggestions are chosen and developed. [1] 

 

The idea shift method (6-3-5 method) is done in such a way that every group member comes up with a couple of 

different ideas, then those ideas are transferred to the next group member. The next group member then develops 

and improve the ideas that they´ve been given. This procedure continues until the paper with ideas have been at 

every group member. By using this method, you ensure that you get a couple of different thoughts on each idea 

and that the ideas are being developed in a very broad way and not with just one person’s point of view. The 

method is called 6-3-5 method because it’s usually 6 members who comes up with 3 different ideas each which is 

then developed by the other 5 group members. [1] 
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2.4.2 DEVELOPMENT OF IDEAS AND SELECTION 

The ideas from the idea generation are sorted out based on realizability and fulfilment of the criteria´s. The ideas 

that are remaining is developed into solutions.   

 

 

2.5 CONCEPT SELECTION 

In the concept selection phase, the solutions to the different necessary basic functions that have been developed in 

the concept generation phase are combined to construct concepts for the product that fulfils all the criterions from 

the product specification.  

If the amount of necessary basic functions is high, they can be divided into groups that correspond to their 

function and their part in the product. Within each group a concept is developed and then combined with the other 

concepts from the other groups to form concepts that cover the entire product.  

Concretization and conceptualization is done to filter out bad and unrealizable concepts that won’t work. Before 

the final choice of the concept, an elimination matrix, a relative decision matrix and a criterion weight matrix are 

done to sort out bad concepts and to make a prioritizing of the concepts. 

 

 

2.5.1 CONCEPTUALIZATION 

When doing the conceptualization, the different solutions are combined to form concepts with the help of a 

morphological matrix. In a morphological matrix the solutions to the different functions are combined to form 

concepts. If groups have been created, each group gets their own morphological matrix and the solutions in each 

group are combined to form concepts for that specific group. These concepts are then placed into another 

morphological matrix where they are combined to form concepts that cover the entire product. For every concept 

a sketch or visualization should be done since it´s much easier to describe the concept with the help of a sketch 

than just with text. These sketches are then used for evaluation in the concretization phase.   

 

2.5.2 CONCRETIZATION 

The concretization of the concepts that have been developed is done to see how the concept will look and how it 

will look together with the surroundings. It might be that ideas that look good in theory aren’t that good in reality. 

Concepts that doesn’t look good or doesn’t work with the surrounding can therefore be excluded from the process 

in this fairly early state. This concretization of the concepts need to use something visual, either the sketches from 

the conceptualization phase, a 3D CAD-model or a preliminary prototype. 

 

 

2.5.3 ELIMINATION MATRIX 

Elimination matrix is the next step of sorting out the concepts. The elimination matrix sorts out bad concepts, 

concepts that doesn’t fulfil all the criteria’s, and/or concepts that isn’t realizable. A matrix is done where the 

concepts are controlled if they solve the head problem, is safe, have enough information to be able to go forth 

with, etc. If the concept solves for example the head problem, it gets a plus (+) and if it doesn’t, it gets a minus (-). 

If more information is required about the concept before it can be answered if it solves the head problem or not, it 

gets a question mark (?). If a control needs to be done with the product specification before the question can be 

answered it gets an exclamation mark (!). The concepts are then evaluated if they can move on to the next step, 

require more information or if the concept should be removed. This is showed with a plus sign, a question mark, 

and a minus sign in the “decision”-column. [1] 

An example of an elimination matrix can be seen in Appendix H Table 15.  
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2.5.4 RELATIVE DECISION MATRIX 

A relative decision matrix according to Pugh is done to do a prioritizing over the concepts that have been 

developed. A reference concept is chosen and then every other concept is compared to the reference concept on 

how good it fulfils the criteria’s. Each concept is marked if it’s better, worse than or as good as the reference 

concept. Concepts that are better is marked with a plus sign (+), concept that are worse is marked with a minus 

sign (-) and concepts that are as good as the reference concept is marked with a zero (0). If it isn’t known if the 

concept fulfils a specific criterion, or if the criteria is being solved in a later stage in the process (for example 

during the choice of material) it’s marked with a question mark (?). The final sorting out is done with a criterion 

weight matrix. [1] 

An example of a relative decision matrix can be seen in Appendix I Table 16.  

 

 

2.5.5 CRITERION WEIGHT MATRIX  

In the criterion weight matrix, the different concepts are controlled on how good they fulfil the criteria´s that is a 

Wanted-criteria. This is done by doing a matrix where the different Wanted criteria´s gets a weight factor (w) 3-5, 

then every concept gets a weight (v) 1-5 to determine how good they fulfil the specific Wanted criteria. An ideal 

concept (which has a weight 5 for every criteria) is also added, this is done to be able to compare the other 

concepts to the ideal one. The concepts weights are then multiplied with the specific criteria´s weight and a merit 

value (t) is calculated, according to Equation 1. 

 

 𝑤 × 𝑣 = 𝑡 (1) 

 

All the different merit values for each concept is then summarized to a total merit value (T) for the entire concept. 

This total merit value is then compared to the maximum merit value possible to determine how good the concept 

is, this is done by doing T/Tmax (the maximum merit value is the merit value of the ideal concept). The concept 

with the highest ratio is the best concept and therefore gets prioritizing one and the second best gets prioritizing 

two, etc. [1] 

An example of a criterion weight matrix can be seen in Appendix J Table 17.  

 

2.5.6 FINAL CHOICE 

A presentation of the top three concepts are done for the employer to ensure that the product is evolving as they 

want. Also, possible changes that should be done to the concept are brought forward and it is decided which 

concept that is the best and should be kept working on.  

 

2.6  LAYOUT & DESIGN 

In the layout & design phase the details of the concept are being worked with. This can for example be 

adjustments of dimensions to better fit in with the rest of the product. It may also be optimization of the product to 

minimize the material waste and to ensure that the concept becomes realizable in terms of 3D-CAD models, 

sketches, material selection and manufacturing methods. This phase will require a lot of work and therefore it is 

essential that only one concept remains, otherwise the amount of work would be overwhelming.  

 

2.6.1 SKETCHES 

Sketches are done for the concepts that have been developed. These sketches are meant to work as a building 

ground for the 3D-models and should be rather detailed. The sketches should include preliminary values on 

critical dimensions and the features of the design.   
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2.6.2 3D-MODEL 

A 3D CAD-model is done to get a visualization of the concept on how it would look in the reality. The sketch on 

the concept are used as help when constructing the 3D-model in a CAD program. All the dimensions and all the 

features, like the chamfers, corners, etc., are displayed in the 3D-model. In this phase the material selection and 

the manufacturing method should also be decided. This is because some manufacturing methods depends strongly 

on the design of the product, and in this phase the design can still be changed to fit the manufacturing method.   

 

2.6.3 MATERIAL SELECTION 

When doing the material selection, the criterions that affect what material that can be chosen are used as a basis 

for the selection. It can for example be if the product is going to be used in a certain weather or environment, or if 

the product is going to be used in a certain temperature-interval. The material selection is then done with a 

suitable program that either the company or the university provides. It is important to alternatives to the material 

that is chosen, since the employer might disagree with your choice and then it can be good to have more than one 

option.   

 

2.6.4 MANUFACTURING METHOD 

The manufacturing method should be selected in corresponds with the material, since some materials might not 

work with some manufacturing methods and vice versa. The employer often has a register over the available 

machines that is available for the manufacturing of the product, from this register the manufacturing method 

should be decided. Important to control that the method handles both the material and the design of the product. 
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3 RESULTS 

In this chapter the results for the project are presented, this covers: planning phase with the project plan, WBS, 

Gantt-schedule, and scrum board, pilot study with the literature study, competitor analysis and the analysis of the 

technical conditions. The results also cover the product specification with an analysis of the product and a 

criterion matrix, a concept selection with associated methods and finally the layout & design are presented 

including sketches and 3D-model with associated material selection and manufacturing methods.  

 

The product development process that have been used during this project consist of the phases: Planning, Pre-

study, Product specification, Concept generation, Concept development, Concept selection and Layout & Design.  

The phases that are to be done before the product is done are: Prototype, Prototype testing, Production adaptation, 

Series version, and Market introduction. [1] 

 

3.1  PLANNING 

As a basis for the project, a project description was done, this can be seen in Appendix A. A project plan was done 

for the planning of the project.  

 

3.1.1 PROJECT PLAN 

The project plan can be found in its whole in Appendix B. 

 

3.1.2 WBS – WORK BREAKDOWN STRUCTURE 

A WBS was done for the project and the work packages were divided into the categories Planning, Pilot study, 

Product specification, Concept selection, Layout & Design and Report writing. The WBS can be seen in 

Appendix B Figure 2.  

 

3.1.3 LOGICAL NETWORK 

A Logical Network was done with the work packages from the WBS, and the Critical Path in the Logical Network 

was estimated to be 80 days. This is a rough estimation of the time because it doesn’t take in consideration of 

possible problems and set-back during the project. The Logical Network can be found in Appendix B Figure 3.  

 

3.1.4 GANTT-SCHEDULE 

The Gantt-schedule for this project was a dynamic document throughout the project. The Gant-schedule was 

changed a couple of times in the start of the project because of lack of previous knowledge about some tasks in 

the project. The time for these tasks were set to too much or too little and were needed to be corrected. The 

colouring in the Gantt-schedule is done to make it easy to follow and because it makes it clear what tasks every 

phase consists of. The Gantt-schedule can be seen in Appendix B Figure 4. 

  

3.1.5 SCRUM BOARD 

The scrum board was a dynamic document during the project and attached in Appendix C is an example of how it 

looked halfway through the project. Green colour means that things are done on schedule, yellow means that the 

task needs a higher priority and red means that it’s urgent and needs to be fixed as soon as possible. Comments on 

different tasks that needed further explanation were also added to the scrum board to keep track of why some 

tasks were delayed or started early.  
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3.2  PILOT STUDY 

The pilot study was done as a tool to get the knowledge needed to carry-out and complete the project. 

  

3.2.1 LITERATURE STUDY 

The literature study in this project processed and analysed the different documents that were essential to read 

before the start of the project. This includes the Critical Design Review over the previous front lamp, the criteria´s 

on the front lamp and the surrounding products, and standards and laws connected to specific criteria´s. The 

standards and laws were read and analysed to get a deeper understanding of the criteria´s and what they meant for 

the product. All these documents were received through BAEs intranet and can only be read there. 

  

3.2.2 COMPETITOR ANALYSIS  

An analysis over competitor’s front lamps were done to get a feeling about how the different shape and placement 

of the front lamp changed and affected the appearance of the vehicle. It was realised that the shape of the main 

lamp (where the head/half-light is) didn’t really matter, but the shape of the container mattered really much. A 

container with more sharp lines gives a madder appearance and a container with smoother design gives more of a 

modern appearance. It was also realised that placing the head-lights closer to the centrum line of the vehicle gives 

a madder appearance.  

It was concluded from the competitor analysis that, if possible, the front lamp should have a smooth design with 

sharp and distinct lines/edges. The headlight should be placed close to the centrum line and it should be a round 

lamp.  

 

3.2.3 ANALYSIS OF TECHNICAL CONDITIONS 

The front lamp of a combat vehicle consists of many different technical parts with different functions. Each of 

these parts have their own “requirements”, which can for example be that a lamp needs to be placed on a specific 

height or on a specific place in the container to fulfil its function. All of these “needs” were not properly 

documented and thus the need for the analysis. The analysis was done to get an understanding of what part had 

what function and if a part had a “hidden” criteria (a criterion that wasn’t mentioned in the criteria specification 

for the product).   

 

3.3  PRODUCT SPECIFICATION 

The product specification is a document that are used to concretizes what the product should be doing and what 

functions that the product should be able to handle. This is done by an analysis of the function and a criteria 

matrix according to Olsson.  

 

3.3.1 ANALYSIS OF THE FUNCTION 

The analysis of the function can be found in appendix D. 

 

3.3.2 CRITERION MATRIX 

The criteria matrix can be found in appendix E. 
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3.4  CONCEPT GENERATION 

In the concept generation phase brainstorming and discussion with colleagues at BAE Systems were used as tools 

for idea generation. Then the ideas were developed into plausible solutions.  

 

3.4.1 GENERATION OF IDEAS 

The generation of ideas was done with a variant on brainstorming. Brainstorming is usually meant to be done in a 

group of 7-8 persons, but since this project is secret, brainstorming with other students wasn’t possible. So, the 

brainstorming was only done by the contractor and then the ideas were discussed with other co-workers at BAE 

and then changed depending on comments. The different ideas that was generated and developed are displayed in 

Appendix F.  

 

3.4.2 DEVELOPMENT OF IDEAS AND SELECTION 

The ideas that was generated was then developed to more complete ideas and the ideas that wasn’t realizable were 

removed, this can be seen in Appendix G were the ideas that are overlined were removed.  

 

 

3.5 CONCEPT SELECTION 

The concept selection was done with the help of conceptualization, concretization, elimination matrix, relative 

decision matrix and a criterion weight matrix.  

 

3.5.1 CONCEPTUALIZATION  

When doing the conceptualization of the ideas, the ideas were first divided into groups corresponding to the 

function of the ideas. For example, all the ideas corresponding to the functions outside of the container was 

divided into one group. The different ideas in each group are then combined to concepts for each group with the 

help of a morphological matrix. The concepts from each group are then combined in a morphologic matrix to 

form concepts that works for the entire product. These different groups with the corresponding morphological 

matrix are displayed in appendix G. 

  

3.5.2 CONCRETIZATION 

When doing the concretization, the different concepts/solutions that was produced from the morphological matrix 

were sketched to try to see how the different concepts/solutions would look in reality. By doing this, concepts and 

solutions that work in theory but doesn’t work in reality is sorted out. In appendix G the concepts and solutions 

that were sorted out can be seen.  

When this was done the different concepts from group Blue, Orange, Green and Yellow were summarized in a 

morphological matrix, Table 1. 

 

Table 1. The combination of different concepts 

 Combinations of concepts 

Group 1 2 3 4 5 6 

Blue Blue1 Blue2 Blue3    

Orange Orange1 Orange2     

Green Green1 Green2 Green3 Green4 Green5 Green6 

Yellow Yellow1      

 

This will give 3x2x6x1=36 possible concepts. Thus, they need to be reduced further. 
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The Blue1 and Blue2 combination were not used because in those combinations the main lamp was placed too far 

away from the centre of the vehicle which makes the front lamp look less angry. So, the Blue1 and Blue2 

solutions were removed from the morphological matrix, as can be seen in Table 2. 

 

Table 2. Reduction of the concepts  

 Combinations of solutions 

Group 1 2 3 4 5 6 

Blue Blue1 Blue2 Blue3    

Orange Orange1 Orange2     

Green Green1 Green2 Green3 Green4 Green5 Green6 

Yellow Yellow1      

 

The reduced table gives: 1x2x6x1=12 possible solutions which goes on to be evaluated in the relative decision 

matrix and the criterion weight matrix. 

These 12 concepts that were generated were summarized in Table 3. 

 

Table 3. The different possible combinations for the concepts 

Concept Combination 

1 Blue3 – Orange1 – Green1 – Yellow1 

2 Blue3 – Orange1 – Green2 – Yellow1 

3 Blue3 – Orange1 – Green3 – Yellow1 

4 Blue3 – Orange1 – Green4 – Yellow1 

5 Blue3 – Orange1 – Green5 – Yellow1 

6 Blue3 – Orange1 – Green6 – Yellow1 

7 Blue3 – Orange2 – Green1 – Yellow1 

8 Blue3 – Orange2 – Green2 – Yellow1 

9 Blue3 – Orange2 – Green3 – Yellow1 

10 Blue3 – Orange2 – Green4 – Yellow1 

11 Blue3 – Orange2 – Green5 – Yellow1 

12 Blue3 – Orange2 – Green6 – Yellow1 

 

 

3.5.3 ELIMINATION MATRIX 

The elimination matrix reduced the number of concepts to eight and the elimination matrix can be found in Table 

15 Appendix H.  

 

 

3.5.4 RELATIVE DECISION MATRIX 

After the relative decision matrix six concepts remained. The relative decision matrix can be found in Table 16 

Appendix I.  

 

3.5.5 CRITERION WEIGHT MATRIX 

After doing the criterion weight matrix it was realised that the concepts that got the same points were similar to 

each other and therefore they were combined so only three concepts remained. The criterion weight matrix can be 

found in Table 17 Appendix J.  
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3.5.6 FINAL CHOICE 

After doing the elimination matrix, relative decision matrix and the criterion weight matrix there was three 

concepts remaining. The three concepts were presented for a group of engineers at the company and it was 

decided to combine to move on with one of the concepts but take pieces of the other two concepts and merge them 

into the chosen concept.   
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3.6  LAYOUT & DESIGN 

3.6.1 SKETCHES 

Sketches on the 12 concepts generated from the concept selection were done to visualize them and see if they 

could work in reality or not. The sketches were also used as a tool to evaluate the different criteria’s and “wants” 

for the concept, for example if it had a modern design, looked “mad”, etc.  

The sketches can be seen in Figure 6-11 in Appendix K. 

 

3.6.2 3D-MODELS 

For the top three concepts from the concept selection, 3D-models were made. These models were done to the 

presentation for the company to easier display and present the different features of the different concepts and also 

to see if the concepts would work and fit the interface. The 3D-models were then combined, in accordance with 

BAE, to create a final 3D-model. This 3D-model is shown in Appendix L Figures 12-26. 

 

3.6.3 MATERIAL SELECTION 

The material selection process can be seen in Appendix M. It was decided to use (secrecy), for the walls and the 

hatch of the front lamp but use (secrecy). For the front of the front lamp that are going to be in contact with the 

obstacles that the front lamp might encounter. The front lamp will be also become surface treated to withstand the 

tough conditions it will be exposed to. The program that were used were CES Edupack 2017 and was retrieved 

through the university. The criterions used were values given from BAE. This change in material (and because of 

the design changes) the front lamps weight will be reduced by approximately 50%.   

 

3.6.4 MANUFACTURING METHODS 

The BAE Systems provided a list of the available manufacturing methods and from that list, in accordance with 

the material selection, it was decided to use a 3D-laser to cut out the pieces and a hemming machine to bend the 

hatch and a pipe bending machine for the bent pipe that are in front of the lamp. Finally, the pieces will be welded 

together. These manufacturing methods were chosen because BAE have these on site and because they can handle 

the materials chosen for the front lamp.   
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4 DISCUSSION 

In this chapter the methods that have been chosen are discussed. It is also discussed what could have been 

different in the project work to improve the result, and whether the problem formulations have been answered or 

not.  

 

In the introduction chapter it was presented a couple of different problem formulations for this project. The 

different questions have been the mainstay of the project.  

 

The problem formulations:  

- How can the front lamp be more flexible and still keep the functions? 

Solved by having the front lamp fasten underneath the container instead of in the backside of the container, and 

therefore it became easier to move the front lamp depending on the needs. The idea is that basically there is 

different screw holes for different cases. The problem with this solution is that, firstly, it will create a void 

between the front lamp and the hull, which is not something you want because it will reflect light. This problem 

can be solved by combining the two solutions, adding armour between the front lamp and the hull, and the 

solution with the holes. This is a good since it will solve the problem formulation in all aspects expect one, that 

the cable from the vehicle will have problem to connect with the front lamp. Currently this connection between 

the hull and the front lamp is a connector on the inner side of the front lamp, against the hull. When adding the 

extra armour, this hole will move sideways in the armour which will require either the hole in the hull to move 

alongside it or that the hole in the armour is in different places depending on thickness of the armour. This 

problem seems rather easy to solve though, either by using the above suggested solutions or something similar.  

Also, the holes in the bottom of the front lamp will be needed to be plugged when not in use because otherwise 

dirt from the wheels will come into the front lamp, which isn’t wanted.  

 

- How should the front lamp be designed to avoid unnecessary use of material? 

This were solved by trying to minimize the amount of “dead space” inside of the front lamp. This was done by 

moving the tool holder, that is supposed to hold the tool that is used to change the tracks, to outside of the front 

lamp instead of inside of the front lamp. This will though require an external tool to be fasten to the front lamp, 

but after discussion with BAE´s track tool expert, this was found to be more wanted than the “dead space” inside 

of the front lamp. The only thing that will be require of the front lamp to be able to fasten this external tool was to 

add a couple of extra holes with threads that the tool could be fasten to.  

The removal of the extra space in the front lamp opened up for the design changes, that were made. First, the 

roundness of the front lamp was removed and were replaced with a sharper design, this will lead to less material 

usage. There was also added a slope to the top of the front lamp, completely out of design-aspect, which will also 

result in less material being used. This slope comes with a couple of problems, firstly there will be problem with 

the manufacturing. Since the front lamp was decided to be symmetric, this plate will be needed to look the same 

on both the right and left front lamp. Because this plate will be bent in order to get the slope, it will be hard to get 

two identical plates. This might be solved in a later stage by either just use a flat plate instead of a bent one, but 

this will ruin the contribute to the design that the bent plate had. The other way it could be solved is by welding 

two plates together creating a bent-like structure. Though, this problem might be considered neglectable, since the 

bent pipe that’s on the edge of the plate will compensate for small high differences of the plate, but it was still 

reconsidering to at least present alternately ways of manufacturing the plate.  

 

- How should the material be chosen to both minimize weight and minimize manufacturing costs? 

It was realized during the project that these two factors aren’t really connected, and thus both minimizing weight 

and minimizing manufacturing cost can be done by choosing a material with low density and which is a regular 

type of material, i.e. steel, aluminum, copper etc. The materials chosen are in theory the best materials to use, but 

tests need to be done to ensure that they are the best material to use in reality as well. Because of this uncertainty, 

it is required to also present options to the chosen materials. The supplier of the chosen materials is not 
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investigated and therefore these materials might not be the to use after all, therefore logistics and availability 

needs to be controlled before doing the final choice.   

 

- How should the front lamp be designed to be easily manufactured? 

To easily manufacture something, it needs to be flat surfaces or slightly bent surfaces which are easy to 

manufacture and to weld together. These conditions the front lamp fulfills, but it might be a problem with the 

symmetry of the front lamp. During the project some concerns from colleagues have been brought forward about 

the difficulties of manufacture two symmetrical front lamps, especially when the hatch is going to be a bent 

surface as well. Therefore, it might have been an idea to start thinking about doing one left and one right front 

lamp, but it was believed that the number of things you earn on having a symmetric front lamp, for example same 

tools can be used and same size on the plates etc., weight up the problematics with manufacturing the hatch.     

 

Methods:  

When doing the planning of the project, the WBS was the first tool that was used. The WBS is a good “starting-

tool” for a project since it gives a good understanding about how much there is that shall be done and it’s a very 

simple-to-use tool. The next tool that were used was the Logical Network, which is used to figure out basic 

independencies and timespans of the work packages in the WBS. Thought, either this project misused the Logical 

Network, or the potential of the Logical Network isn’t understood because it was realized after doing the planning 

stage that the Logical Network is just an unnecessary step between WBS and Gantt-schedule. Because everything 

you do in the Logical Network you can do in the Gantt-schedule, so if the project were to be redone, a Logical 

Network probably wouldn’t have been used.   

The Gantt-schedule was the main planning tool for the project. It´s a good tool to visualize the different tasks that 

shall be done during the project, but if one also wants to have dependencies between tasks in the time schedule, 

another tool needs to be used.  

The scrum board is a tool to keep track of what is going on in the project, what is left to do and what is done. This 

tool was used during the project and helped with keeping track of activities, thought the tool wasn’t used to its full 

potential. The tool probably works best for bigger projects where it’s harder to keep track of what is being 

currently worked with etc than with smaller projects, like this one.    

 

The competitor’s analysis was used to analyse how different companies have designed their front lamp. Only 

competitors from the same branch, i.e. armed vehicles, were analysed. Later, it was realised that this wasn’t the 

only vehicles that should have been studied. Because regular civil vehicles front lamps design is pretty similar to 

the front lamp of a combat vehicle, inspiration can be taken from the new, modern civil vehicles. This was done 

later in the project but should have been included in the analysis to get a better understanding on how to design 

the front lamp to get it to look modern.  

  

The criteria’s in the criteria matrix was based on the Technical Description for the product and the demands and 

wishes from the company. The criteria matrix consists of many criteria´s that aren’t affecting this project, for 

example EMC, vibrations, shock etc. Those criteria´s will be used in further development of the front lamp and 

thus they need to be a part of the product specification.  

 

The method that the project used for idea generation were brainstorming, this is a method that should be done in a 

medium to large group. Due to secrecy of the project, this was done mostly by the contractor, with some help 

from co-workers. Because of this, the idea generation might have been limited and therefore all of the possible 

ideas might not have been found. This results in few solutions to some sub-functions and therefore few concepts, 

but even though more solutions to sub-functions would have been developed, the project was very limited by the 

number of criteria´s that were affecting the product and therefore the end solution would have probably been 

similar. If the project would have been redone, maybe other methods would have been more suitable, or a 

brainstorming group would have been set together at the company. Thought, they ordered this master´s thesis 
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because they wanted to get a new view on how the front lamp was developed and maybe only solutions that are 

used today would have been suggested by such brainstorming group.  

 

Elimination matrix, relative decision matrix and criterion weight matrix were the tools that were used to remove 

bad concepts and do a prioritizing of the top concepts. The tools are useful when used together, one by one they 

don’t give that much of value, but combined they are a good way to decide which are the best concept(s) based on 

the product specification and realizability/within the construction limit etc.  

 

The sketches were done right after the concept selection phase and were only based on the solutions that were 

developed during the concept generation. The sketches will thus differ pretty much from the 3D-models since 

some things weren’t doable in 3D or didn’t looked good in 3D and were changed.   
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5 CONCLUSION 

Here are the teachings of the project are presented, what could have been done differently and what could have 

maybe the result better. The upcoming work for this product is also presented.  

 

Since this is a military product that are going to be used on a military vehicle, there is a lot of criterions and 

standards that is needed to be followed. Understandingly, these criterions and standards limits the possibilities of 

great changes from previous versions of the product. Thus, the product will be developed to be like the previous 

versions with some small changes. This have been a struggle during the project and during the design phase of the 

product new ways of looking at problems and thus new ways of solving the problems were brought in to the 

process, but unfortunately it was realised that the previous solution to these problems were the best and was 

therefore used. This could have been done different, trying to explore the different ways of solving the design-

problems. Though, the mind were set almost from the start to a certain solution of the design since the mindset got 

influenced a lot by previous versions and because of the lack of previous knowledge and lack of competitors to 

analyse, the design was destined to be like previous versions. If the project were to be redone, less influence of the 

previous versions would be good, I think.  

 

Furthermore, during the idea development phase, brainstorming was the tool that were chosen to use. This might 

seem strange, since brainstorming often includes a big group of people and because of the secrecy of the project, I 

couldn’t do that. I therefore variant to brainstorming and used my colleagues as my group of people and tried to 

exchange ideas and thoughts during the process about what they thought about my ideas and what their ideas 

were. By doing this, I think the span of ideas were covered even though I was alone when doing the 

brainstorming. If the project were to be redone, it would probably be better to create a group at the employer and 

during a couple of hours develop ideas. The problem with that is though that the colleagues are very set with how 

things is and would probably have troubles seeing things from a new perspective. The best would have been to 

have a whole new group to the product, but because of previously mentioned secrecy, this were impossible to be 

done.  

 

During the start of the project, a lot of time were assigned the planning phase, which I believe were a smart move. 

Because of this strict planning that I set up in the start of the project, the time schedule was followed and there 

have been few problems along the way. The times I’ve not manage to keep the time schedule is often because of 

things I couldn’t affect.   

 

The product is in its final stages of development, things that are left to be done is a cost calculation, strength 

calculations and drawings. The components of the front lamp, i.e. horn, lamps, sensors etc., needs to be selected in 

accordance with the criterion matrix. After that, the drawings should be used to produce a prototype which is 

needed to go through testing and such before going to serial production.    
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Appendix A – Project description 
 

Project description 
Modular front lamp to a combat vehicle 

 

Project commissioner: BAE Systems 

 

Project manager: Ludvig Lundberg 

 

Project name: Modular front lamp to a combat vehicle 

 

Background: The front lamp of the combat vehicle has during many years had the same form and design. The 

vehicle is being changed depending on the customer demands and since different customers have different 

demands it is required for the front lamp to become more modular and thus alterable depending on requirements 

and demands from the different customers. Associated with this change BAE Systems is looking for a design 

change of the front lamp because today’s design is “old-fashioned”.  

 

Aim: The aim of the project is to produce at least three (3) concepts on the front lamp to a combat vehicle that 

fulfils the company´s requirements and demands. Also, be able to decide which concept to continue working on in 

terms of 3D-models, choice of material and manufacturing methods.   

 

Tool cost: Wish from the company: cheaper than today’s solution. 

 

Market: Existing market for the combat vehicle. 

 

Object criteria’s: According to DM-#937758 and DM-#832213. Some of the criteria´s on the front lamp are: 

contain horn, contain tactical lights, have a connection for help to start, have connections to external equipment, 

contain a high/low beam lamp, have room for senor, have room for camera, and to be able to mount reflection 

protection on it. The front lamp should be easily maintained, be moveable, be adaptable to different size of 

armour, be adaptable according to the new combat vehicle, and the light image should be able to be adjusted. 
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Appendix B – Project plan 
 

Project plan 
Modular front lamp to a combat vehicle 

 

BACKGROUND 

The front lamp of the combat vehicle has during many years had the same form and design. The vehicle is being 

changed depending on different customer demands and because customers have different demands, the front lamp 

needs to be more modular and adjustable depending on the conditions and demands from the customer. In 

conjunction with this change BAE Systems wants a design change of the front lamp because it is considered old 

fashioned.  

Because the vehicle’s manoeuvrability is so dependent of the weight of the vehicle, an important requirement 

from BAE Systems is that the front lamp shall weight less than the current solution.  

There is no decided budget for the product, but an unspoken requirement from BAE Systems is that the front lamp 

should be made as cheap as possible.  

BAE Systems have developed design proposals on the new front lamp that can be used as inspiration. There are 

also other competitors’ front lamps available from different sources that can be analysed.  

 

AIM 

The aim of the project is to develop at least three (3) concept proposals on the front lamp of a combat vehicle that 

fulfils the employer’s demands and requirements. The best proposal is then chosen, in conjunction with the 

employer, to be further worked with in form of detailed 3D-model, material selection and manufacturing methods.  

The demands, requests and requirements that is affecting the product is analysed during the Pilot study and is then 

summarized with the help of suitable methods in the Product description. In the Concept selection appropriate 

concepts are developed and analysed. The concept that is then decided to keep working on goes through to the 

Layout & Design phase. Here a detailed 3D-model is done on the concept and suitable material selection and 

manufacturing methods are decided.  

The results from this project can then be used as a foundation for future work and development of a prototype.  

 

ORGANISATION 

Contractor:  Ludvig Lundberg 

  Karlbergsgatan 7A  

652 24 Karlstad 
Ludvlund101@student.kau.se  
+46 (0)73 063 08 95 

  

Employer:   BAE Systems 

   

Supervisor:  Marcus Olsson  

  BAE Systems 

  Electrical Department (PDEE) 
  marcus.olsson@baesystems.se  
  +46 (0)660 800 46 

  +46 (0)73 078 29 27 

   

  JanErik Odhe 

  Karlstad University 

  Department for health, nature- and engineering science 
  janerik.odhe@kau.se 
  +46 (0)70 641 20 88 

mailto:Ludvlund101@student.kau.se
mailto:marcus.olsson@baesystems.se
mailto:janerik.odhe@kau.se
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PROJECT MODEL 

Here the different phases that the project consists of are described, and the milestones for the project are presented 

and explained.  

 

PLANNING PHASE 

The planning phase is used to build a good foundation to the project work and to give structure to the project. A 

time perception of how much times that should be put on different parts of the project should also be part of the 

planning phase.  

A WBS was constructed that was used to do a logical network and a Gantt-schedule, these are described in more 

detail in Appendix 1. A Gantt-schedule are a good tool for small projects because of the clearly defined parts of 

the project and a clear start and finish time. A scrum board was constructed because it’s a good visual tool to get a 

“satisfaction feeling” when different parts of the project is done, and it can also be used as a tool to see how much 

work that remains in the project.  

 

PILOT STUDY 

In the pilot study a literature study, an analysis of the competitors and an analysis of the technical conditions is 

done. This is done to provide the contractor with an insight in the criteria’s and requirements that applies on the 

product. These criteria´s and requirements are summarized in the product specification.  

 

PRODUCT SPECIFICATION 

In the product specification an analysis of the function is done, where the different functions are summarized and 

divided into head function, necessary functions and wanted functions. These functions are then divided into the 

categories: basic function, usage, production and maintenance.  

The criteria’s is then connected to a specific life cycle and aspect in the Olsson’s criteria matrix. The Olsson´s 

criteria matrix is used because it is a good tool to cover all of the criteria´s and to secure that all different 

criterions are considered. 

The necessary basic functions are transformed to sub-functions in the Concept Selection phase.  

 

CONCEPT SELECTION 

The concept selection phase consists of producing solutions to the sub-functions and then combine the solutions 

concepts for the entire product. The bad solutions or the solutions that isn’t realizable is filtered out with the help 

of an elimination matrix. A decision matrix and a criterion weight matrix are done to make a prioritizing over the 

concepts that have been developed. A final decision is made, in conjunction with the employer, which the best 

concept is from the top three concepts. Then the best concept is kept working on in the Layout & Design-phase 

and the other two are kept as reserves.  

 

LAYOUT & DESIGN 

In the layout & design-phase the concept is completed in terms of detailed sketches, detailed 3D model, material 

selection and manufacturing method. During this phase in the project there will be two PDR (Preliminary Design 

Review) and a CDR (Critical Design Review). A PDR is a presentation for a smaller group in the company to fix 

and discuss problems with the concept. The CDR is a presentation for all the departments in the company that are 

affected by the outcome of the project and might have something to say about how the design is. In the CDR only, 

details of the concept are altered and changed.  
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DESCRIPTIONS OF MILESTONES 

In Appendix 2, Table 6, are the different milestone tabulated. The milestones are used as a help to ensure that the 

time schedule is followed. 

 

 

COMMENTS TO THE TIME SCHEDULE  

Because the work is classified, most of the work will be done at the office in Örnsköldvik. Because the contractor 

is resident in Karlstad and goes to university there, it will be some travels there during the graduation work. 

During these trips the contractor won’t be able to work directly with the project and thus needs to focus the time 

on writing the report, in conjunction with the employer.  

 

 

RISK ASSESSMENT 

A risk assessment is necessary to do at the beginning of the project to ensure that different problems during the 

project is foreseen and that a solution is already proposed and thus be able to counteract problems before they 

occur.  

Abbreviations and scales in Table 4: 

P – Probability 

Scale 1-5: 1 small probability, 5 large probability. 

C – Consequence  

Scale 1-5: 1 no consequence, 5 large consequence. 

R – Risk value 

Scale 1-25: 1 no risk, 25 large risk. 

 
Table 4. Risk assessment 

Analysis of risks 

Risk Assessment P C R (S × K) Action 

The scrum board isn’t used 2 2 4 
Rearrange the scrum board so it 

becomes more useful 

No useful literature 1 4 4 Search on other sources 

Lack of ideas when doing the idea 

generation 
4 5 20 Ask colleagues about ideas 

Problems with documentation 2 5 10 
Always keep a backup of the 

documents 

The computer stops working 1 5 5 Call IT for help 

The design doesn’t end up as the 

employer have imagined 
2 5 10 

Have a constant dialogue with 

the employer during the 

development process 

Delays in schedule 4 5 20 
Work extra at nights and 

weekends 

Can’t make a final decision on the 

choice of concept 
1 4 4 Ask for others opinion 

No competitors to do a competitive 

analysis against 
1 2 2 Search on other sources 

Lack of knowledge about different 

manufacturing methods 
4 3 12 Ask the co-workers for help 

Sickness 1 2 2 Catch up later 

Out of town 2 3 6 Catch up before the trip 



 

v 

 

No help from supervisor 1 4 4 
Ask for help from others at the 

company/university 

The technical analysis is being 

misinterpreted 
3 5 15 

Have constant communication 

with the company about 

demands and requirements 

Too many have an opinion about 

how the design of the front lamp 

should be 

3 2 6 Filter out what’s most important  

 

 

DOCUMENT HANDLING 

The documentation is done in accordance with BAE Systems rules. For the documentation to be easy to 

understand and to easily localize the documents in the maps, each document is given a name that corresponds to 

the content of the specific document. Each document is also given a version number to ensure that it is the latest 

version that is being worked with. What the different versions mean can be found in Table 5.  

 
Table 5. Version management 

Document Version Comment 

Project description 1.0 First draft 

 2.0 Translated 

Project plan 1.0 First draft 

 2.0 Changed according to comments from 

supervisor on BAE – Approved by 

supervisor BAE 

 2.1 Spelling check and change of sentence 

structure 

Product specification 1.0 First draft  

 2.0 Translated and changed according to 

comments from supervisor BAE 

Concept selection 1.0 First draft 

Analysis of the competitors 1.0 First draft 

 2.0 Translated 

Report 1.0 First draft 

 2.0 Translated 

 3.0 Second draft 

 4.0 Third draft (first submission) 
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APPENDICES 

 

Appendix 1 

WBS – Work Breakdown Structure 
Shows the different work packages that the master thesis has been divided into, illustrated in Figure 2. These work 

packages are then used to make a logical network and a Gantt-schedule.  

 

 
Figure 2. WBS for the project. 
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Logical network  
A logical network was done to identify the independencies in the WBS. The different work packages in the WBS 

was allocated roughly estimated times to then be able to construct a Critical Path (the red dashed line in Figure 3), 

that describes that maximal time the project will take. By summarizing the different time intervals for the work 

packages along the Critical Path the maximal time for the project was calculated to 80 days.  

This is though underestimated since possible problems during the project is not taken into the calculations. Thus, 

have the different work packages been appointed a longer time in the Gantt-schedule then what have been decided 

in the logical network. Thus, there will be extra time allocated to each task to deal with potential problems. 

Because the report writing is happening parallel with the rest of the work it has been decided to exclude that from 

the Critical Path.  

In Figure 2 ”d” stands for day, thus two (2) days to summarize the demands/guidelines, three (3) to analyse the 

technical analysis etc.  

 
 

 
Figure 3. Logical network with the Critical Path in red. 
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Gantt-schedule 
The different work packages that have been decided in the WBS have been put with a time axis in a Gantt-

schedule, see Figure 4. On the y-axis is the activities and on the x-axis is the time. Note that this is not a final 

planning, alterations can happen over time.  

 

 
 

Figure 4. Gantt-schedule for the project. 

  



 

ix 

 

Appendix 2 
Plan for milestones 
In Table 6 the different milestones, concerned parties and gate holes are explained. Gate holes is the criteria which 

the project needs to fulfil before being able to conclude the milestone finished. 

 
Table 6. Plan for milestones 

Part of the project Date 
Milestone 

# 

Explanation 

milestone 
Gate hole 

Concerned 

parties 
Approved  

Planning 
2 

February 
1 Project plan done 

Project plan 

approved by 

supervisor 

Supervisor 

BAE 
2 February 

Product specification 
14 

February 
2 

Product specification 

done 

Prod. spec. 

approved 

Supervisor 

BAE, co-

workers BAE 

8 March 

Concept selection 
23 

February 
3 

Status and essay 

writing on KAU  
Been present 

Supervisor 

KAU, 

examiner 

KAU 

23 

February 

Concept selection 13 April 4 

Final choice of the 

concept selection shall 

be done  

Final choice 

approved 

Supervisor 

BAE 
11 April 

Layout & Design 20 April 5 

Status and monitoring 

before the final 

presentation at KAU 

Been present 

Supervisor 

KAU, 

examiner 

KAU 

20 April 

Report writing 11 May 6 

First submission of the 

report to the 

supervisor 

Get opinions 

about corrections 

Supervisor 

KAU 
22 May 

Report writing 30 May 7 
First submission of the 

report to the examiner 

Get opinions 

about corrections 

Examiner 

KAU 
30 May 

Report writing 8 June 8 

Correct the report after 

comments from the 

opposition 

Corrected report Opponent  

Report writing 15 June 9 
Submission of report 

to examiner and BAE 
Approved report 

Examiner 

KAU, 

supervisor 

BAE 
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Appendix C – Scrum board 
 

 

Figure 5. The scrum board 
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Appendix D – Analysis of the function  
 

Table 7. Analysis of the function (secrecy) 

 

Function Class Comment Area 

  HF  

Basic 

functions 

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  N  

  W  

  W  

  W  

  W  

  W  

  N  

Usage 

  N  

  N  

  N  

  N  

  N  

  W  
Production 

  W  

  N  

Maintenance   N  

  N  
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Appendix E – Criteria matrix 
 

Table 8. Criteria matrix according to Olsson 

Life cycle 
Aspects 

Function Material Design Weight Economy 

Development 1.1 1.2 1.3 1.4 1.5 

Manufacturing 2.1 2.2 2.3 2.4 2.5 

Usage 3.1 3.2 3.3 3.4 3.5 

Maintenance 4.1 4.2 4.3 4.4 4.5 

 

Table 9. Criteria matrix. (secrecy) 

 

Criteria 

number Cell Criteria W/D F/L 

1 1.1  D F 

2 1.1  D F 

3 1.1  D F 

4 1.1  D F 

5 1.1  D L 

6 1.1  D L 

7 1.1  D L 

8 1.1  D L 

9 1.1  D F 

10 1.1  D F 

11 1.1  D L 

12 1.1  W,4 L 

13 1.1  D F 

14 1.1  D F 

15 1.1  D L 

16 1.1  D F 

17 1.1  D L 

18 1.1  D F 

19 1.1  D F 

20 1.1  D F 

21 1.1  D F 

22 1.1  D F 

23 1.1  D F 

24 1.1  D F 

25 1.1  D F 

26 1.1  D F 

27 1.1  D F 

28 1.2  D L 

29 1.2  D F 

30 1.2  D L 

31 1.3  D F 

32 1.3  D L 

33 1.3  W,5 F 

34 1.3  W,3 L 
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35 1.3  D L 

36 1.3  D F 

37 1.3  D F 

38 1.3  D L 

39 1.4  W,5 F 

40 1.4  W,5 L 

41 1.5  W,3 L 

42 2.1  D L 

43 2.2  D L 

44 2.3  D L 

45 2.3  D F 

46 2.5  D L 

47 3.1  D L 

48 3.1  D L 

49 3.1  D L 

50 3.1  D L 

51 3.1  D L 

52 3.1  D L 

53 3.1  D L 

54 3.1  D L 

55 3.1  D L 

56 3.1  D L 

57 3.1  D L 

58 3.1  D L 

59 3.1  D L 

60 3.1  D L 

61 3.1  D L 

62 3.1  D L 

63 3.1  D F 

64 3.1  D F 

65 3.2  D L 

66 3.2  D L 

67 3.2  D L 

68 3.2  D L 

69 3.2  D L 

70 3.2  D L 

71 3.2  D L 

72 3.2 
 

D L 

73 3.2  D L 

74 3.2  D L 

75 3.3  D F 

76 3.3  D L 

77 4.1  D L 

78 4.1  D F 

79 4.2  D L 

80 4.2  D L 

81 4.3  D F 
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Appendix F – Compilation of the idea generation 
 

FUNCTIONS WITH SOLUTIONS 

The necessary basic functions from the analysis of the function becomes the sub-functions that solutions should 

be found to. (secrecy)    
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Appendix G – Morphological matrices for the different groups 
 

The sub-functions are divided, according to the colour coding in Table 10, into four different groups. This was 

done because this many solutions would create a huge amount of concept. Thus, the sub-functions are divided into 

groups according to what area in the product each sub-function belongs to. The blue group is sub-functions that 

are inside of the front lamp, orange group is sub-functions that are part of the main lamp, green group consists of 

the functions that cover the movement and the shape of the front lamp, and yellow group are functions that are on 

the outside of the front lamp. These groups are tabulated group by group in Table 11-14.  

The different solutions inside each of the groups are combined to form concepts for the different groups, these 

concepts are then combined to get concept alternatives for the entire product.  

 

Table 10. Sub-functions with solutions and colour-coding. (secrecy) 

 Solutions 

Sub-functions 1 2 3 4 5 6 

1  1.1 1.2 1.3 1.4   

2  2.1 2.2 2.3 2.4   

3  3.1      

4  4.1 4.2 4.3    

5  5.1 5.2 5.3 5.4 5.5 5.6 

6  6.1 6.2 6.3    

7  7.1 7.2     

8  8.1 8.2 8.3 8.4   

9  9.1 9.2 9.3    

10  10.1      

11  11.1      

12  12.1 12.2     

13  13.1      

14  14.1 14.2     

15  15.1 15.2 15.3 15.4   

16  16.1 16.2 16.3 16.4 16.5 16.6 

17  17.1 17.2     

18  18.1 18.2 18.3 18.4   

19  19.1      

20  20.1      

21  21.1 21.2 21.3    

22  22.1 22.2 22.3 22.4   

23  23.1 23.2     

24  24.1 24.2 24.3 24.4 24.5 24.6 

 

4-7 different solutions in one group are almost too many solutions for just one group, because it will generate 

many different concepts. Since some solutions aren’t compatible with each other because of placement etc., and 

many sub-functions will have few solutions, this problem is considered negligible.  

 

GROUP BLUE 

The solution 7.2, 8.1, 8.2 and 8.3 are not used in the combinations because they are bad solutions or doesn’t fulfil 

the basic criteria´s. Solutions 1.4, 2.4 and 15.4 is not used because it was decided that the camera needs to be in 

the outermost position to fulfil its function and 15.3 is not used because the sensors needs to be directed forward 

to fulfil its function.  
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In sub-function 24 it is possible to put the fastener inside the container (according to today’s solution), but after 

discussion with co-workers at BAE it was realised that the smartest way of doing it was that the fastener is being 

fastened with bolts outside of the container. That kind of solutions will save space in the container and therefore it 

will be possible to make it smaller and thus weight less.  

Solution 1.1 is not used because it doesn’t fulfil the criteria that the direction indicator light shall be seen from 

behind the vehicle. The morphological matrix for the blue group are displayed in Table 11.  

Table 11. The blue group. (secrecy) 

  Solutions 

 Sub-functions 1 2 3 4 5  

1  1.1 1.2 1.3 1.4   

2  2.1 2.2 2.3 2.4   

7  7.1 7.2     

8  8.1 8.2 8.3 8.4   

10  10.1      

11  11.1      

15  15.1 15.2 15.3 15.4   

24  24.1 24.2 24.3 24.4 24.5 24.6 

 

Possible combinations:  

Blue1: 1.3, 2.2, 7.1, 8.4, 10.1, 11.1, 15.1, 24.6 

Blue2: 1.3, 2.1, 7.1, 8.4, 10.1, 11.1, 15.2, 24.6 

Blue3: 1.2, 2.3, 7.1, 8.4, 10.1, 11.1, 15.1, 24.6 

 

GROUP ORANGE 

After discussion with co-workers at BAE it was realised that the direction indicator lamp, the tactical lights and 

the position lamp could be combined into one lamp. It was decided to combine the tactical lights lamp and the 

position lamp to save space, but the direction indicator lamp is still needed to have alone. Therefore, only 3.1 is 

used.  

From the analysis of the competitors it was realised that a round design on the main lamp more closely to the 

centre of the vehicle gives a more distinct expression and a more mad/irritated expression. Therefore, it is decided 

to move forward with only solution 5.1 and 5.2 

When solution 3.2 is used in the combination, solution 6.3 also needs to be in the combination to fulfil the criteria 

that the direction indicator light shall be possible to see from behind.  

Solution 4.3 is not used because solution 6.3 fills that position already. The morphological matrix for the orange 

group are displayed in Table 12.  

 

Table 12. The orange group. (secrecy) 

  Solutions 

 Sub-functions 1 2 3 4 5 6 

3  3.1 3.2     

4  4.1 4.2 4.3    

5  5.1 5.2 5.3 5.4 5.5 5.6 

6/9  6.1 6.2 6.3    

19  19.1      

 

Possible combinations:  

Orange1: 3.1, 4.1, 5.2, 6.3, 19.1 

Orange2: 3.1, 4.2, 5.1, 6.3, 19.1 

 



 

xvii 

 

GROUP GREEN 

The solution 12.2 is used as a “reserve” solution and is used only if solution 12.1 doesn’t work.   

Solution 14.2 fills the same function as 14.1 so it’s unnecessary to change the current design. Solution 16.1, 16.3 

and 16.5 was not used in the combinations because they don’t fulfil the function (to withstand/break off small 

obstacles).  

Solution 21.2 is not used because it doesn’t express modern design and solution 22.2, 22.3 and 22.4 is not used 

because they are unpractical in field. The morphological matrix for the green group is displayed in Table 13. 

   

Table 13. The green group. (secrecy) 

  Solutions 

 Sub-functions 1 2 3 4 5 6 

12  12.1 12.2     

13  13.1      

14  14.1 14.2     

16  16.1 16.2 16.3 16.4 16.5 16.6 

21  21.1 21.2 21.3    

22  22.1 22.2 22.3 22.4   

 

Possible combinations: 

Green1: 12.1, 13.1, 14.1, 16.1, 21.3, 22.1 

Green2: 12.1, 13.1, 14.1, 16.3, 21.3, 22.1 

Green3: 12.1, 13.1, 14.1, 16.5, 21.3, 22.1 

Green4: 12.1, 13.1, 14.1, 16.1, 21.1, 22.1 

Green5: 12.1, 13.1, 14.1, 16.3, 21.1, 22.1 

Green6: 12.1, 13.1, 14.1, 16.5, 21.1, 22.1 

 

 

GROUP YELLOW 

The solutions 18.2, 18.3 and 18.4 is not used because they are unpractical to use. Solutions 23.2 is not used 

because it fulfils the same function as 23.1 and therefore it is unnecessary to change the design from today’s 

solution. The morphological matrix for the yellow group is displayed in Table 14.  

  

Table 14. The yellow group. (secrecy) 

  Solutions 

 Sub-functions 1 2 3 4 

17  17.1 17.2   

18  18.1 18.2 18.3 18.4 

20  20.1    

23  23.1 23.2   

 

Possible combinations:  

Yellow1: 17.1, 18.1, 20.1, 23.1  
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Appendix H – Elimination matrix 
 

Table 15. Elimination matrix 

Elimination matrix for concept 1-12 
Elimination criteria’s:  

(+) Yes 

(-) No 

(?) More information is required 

(!) Control the product specification  
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Decision:  

(+) Complete the solution 

(-) Eliminate the solution 

(?) Search for more information 

(!) Control the product specification 

Comments Decision 

1 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

2 + ! + - + + + 
A sharp edge is not preferable when constructing the 

front lamp and the solution is therefore eliminated.  
- 

3 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

4 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

5 + ! + - + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
- 

6 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

7 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

8 + ! + - + + + 
A sharp edge is not preferable when constructing the 

front lamp and the solution is therefore eliminated. 
- 

9 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

10 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 

11 + ! + - + + + 
A sharp edge is not preferable when constructing the 

front lamp and the solution is therefore eliminated. 
- 

12 + ! + + + + + 
Check if the concept fulfils the criteria’s (from the 

product specification) in the relative decision matrix. 
+ (!) 
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Appendix I – Relative Decision Matrix 
 

Table 16. Relative Decision Matrix 

Criteria 
Possible concepts 

1 (ref) 3 4 6 7 9 10 12 

1 

D
A

T
U

M
 

0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 

5 ? 

6 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 

11 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 

16 0 0 0 0 0 0 0 

17 ? 

18 0 0 0 0 0 0 0 

19 ? 

20 0 0 0 0 0 0 0 

21 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 0 

23 0 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 

26 0 0 0 0 0 0 0 

27 0 0 0 0 0 0 0 

28 ? 

29 0 0 0 0 0 0 0 

30 ? 

31 ? 

32 0 0 0 0 0 0 0 

33 + 0 + 0 + 0 + 

34 0 0 0 0 0 0 0 

35 0 0 0 0 0 0 0 

36 - + + 0 - + + 

37 0 0 0 0 0 0 0 

38 ? 

39 - - - 0 - - - 

40 ? 

41 + - + 0 + - + 

42 ? 

43 ? 



 

xx 

 

44 ? 

45 + - + 0 + - + 

46 ? 

47 ? 

48 ? 

49 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 0 

51 ? 

52 ? 

53 ? 

54 ? 

55 ? 

56 ? 

57 ? 

58 ? 

59 ? 

60 ? 

61 ? 

62 0 0 0 0 0 0 0 

63 0 0 0 0 0 0 0 

64 0 0 0 0 0 0 0 

65 ? 

66 ? 

67 ? 

68 ? 

69 ? 

70 ? 

71 ? 

72 ? 

73 ? 

74 + 0 + 0 + 0 + 

75 + 0 + 0 + 0 + 

76 0 + + 0 0 + + 

77 ? 

78 0 0 0 0 0 0 0 

79 ? 

80 ? 

81 0 0 0 0 0 0 0 

Net value 0 +3 -1 +6 0 +3 -1 +6 

Ranking 5 3 7 1 5 3 7 1 

Further 

development 
Yes Yes Yes Yes Yes Yes Yes Yes 
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Appendix J – Criterion Weight Matrix 
 

Table 17. Criterion Weight Matrix 

Criteria 
Concepts 

Ideal 1 3 6 7 9 12 

 w v t v t v t v t v t v t v t 

Criteria 12 4 5 20 5 20 5 20 5 20 5 20 5 20 5 20 

Criteria 33 5 5 25 4 20 5 25 3 15 4 20 5 25 3 15 

Criteria 34 3 5 15 5 15 5 15 5 15 5 15 5 15 5 15 

Criteria 39 5 5 25 5 25 5 25 4 20 5 25 5 25 4 20 

Criteria 40 5 5 25 5 25 5 25 5 25 5 25 5 25 5 25 

Criteria 41 3 5 15 5 15 5 15 4 12 5 15 5 15 4 12 

𝑇 =∑𝑡𝑖 125 120 125 107 120 125 107 

𝑇

𝑇𝑚𝑎𝑥
 1 0,96 1 0,856 0,96 1 0,856 

Ranking - 3 1 5 3 1 5 
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Appendix K – Sketches of the concepts 
 

Figure 6. Concept 1 and 2. (secrecy) 

 

Figure 7. Concept 3 and 4. (secrecy) 

 

Figure 8. Concept 5 and 6. (secrecy) 

 

Figure 9. Concept 7 and 8. (secrecy) 

 

Figure 10. Concept 9 and 10. (secrecy) 

 

Figure 11. Concept 11 and 12. (secrecy) 
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Appendix L – 3D-models 
 

Figure 12. A cut of the front lamp to show the suspension of the main lamp module (secrecy) 

 

Figure 13. A 3D-view of the front lamp in the outermost position (secrecy) 

 

Figure 14. Showing the front lamp from the side in the outermost position (secrecy) 

 

Figure 15. Showing the front lamp from the front in the outermost position (secrecy) 

 

Figure 16. Showing the front lamp from underneath in the outermost position (secrecy) 

 

Figure 17. Showing the front lamp from underneath in the basic position (secrecy) 

 

Figure 18. Showing the top of the front lamp in the basic position (secrecy) 

 

Figure 19. Showing an 3D-image of the front lamp with accessories (secrecy)  

 

Figure 20. Showing an 3D-image of the front lamp with a hatch (secrecy) 

 

Figure 21. Showing an 3D-image of the front lamp with another version of a hatch (secrecy) 

 

Figure 22. Showing an 3D-image of the front lamp without a hatch (secrecy) 

 

Figure 23. The front lamp displayed from the side (secrecy).  

 

 

Figure 24. The front lamp displayed from the right (secrecy) 

 

 

Figure 25. An image of the front lamp from above without any hatch (secrecy) 
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Figure 26. The front lamp displayed from the front     
 

  



 

xxv 

 

Appendix M – Material Selection 
 

When doing the material selection, the criterions 15, 40, 47, 48, 51, 53, 65, 66, 68, 71, and 72, were inserted as 

variables in CES Edupack. These variables can be seen in Figure 27 and 28. The parameters that was going to be 

minimized/maximized were density (minimized), price (minimized), hardness (maximized) and fracture 

toughness (maximize). The density and price are minimized because the front lamp shall weight and cost as little 

as possible. The hardness and fracture toughness were maximized to minimize the wear of the product in harsh 

environments. In Figure 29-31 the three different cases are presented, price over hardness, price over density and 

price over fracture toughness.  

 

 
Figure 27. The values that were inserted in CES Edupack. 

 

 
Figure 28. The values that were inserted in CES Edupack. 
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Figure 29. Price over hardness.  

 

 
Figure 30. Price over density. 
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Figure 31. Price over fracture toughness. 

 

The materials that fulfilled all the criterions are summarized in Table 18.   

 

Table 18. The materials. 

Stainless steel, ferritic, AISI 434, annealed 

Stainless steel, ferritic, AISI 436, annealed 

Stainless steel, martensitic, AISI 403, annealed 

Stainless steel, martensitic, AISI 403, hard temper 

Stainless steel, martensitic, AISI 403, intermediate temper 

Stainless steel, martensitic, AISI 410, intermediate temper 

Stainless steel, martensitic, AISI 414, intermediate temper 

Stainless steel, martensitic, AISI 414L, annealed 

Stainless steel, martensitic, AISI 431, tempered at 260°C 

Stainless steel, martensitic, AISI 431, tempered at 593°C 

Zinc-aluminum alloy, Korloy 2573, forged 

 

 

The material that are going to be chosen doesn’t necessarily need to have the highest hardness and fracture 

toughness, since to avoid wear of the surfaces, surface treatments can be done. Therefore, density and price are 

the two most key factors to minimize. From Figure 30 it can be seen that the zinc-aluminum alloy has lover 

density than the stainless steels but is more expensive. This material has mediocre fracture toughness and bad 

hardness, according to Figure 29 and 31, therefore some kind of surface treatment will be required. This material 

would be perfect to use for most of the front lamp, but it’s rather expensive. The calculations whether it’s worth it 

to use a material with lower density but with higher cost versus a material with lower cost but higher density 

needs to be done in a later stage. For the part that is going to be in front of the front lamp and thus be the part that 
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is going to take a lot of damage from small obstacles, it is required to use a material with higher hardness and 

fracture toughness than the zinc-aluminum alloy.  

It’s the annealed stainless steels that have the highest fracture toughness, and the tempered steels that have the 

highest hardness. Therefore, a material that have high hardness and fracture toughness, but is still cheap, needs to 

be chosen.  

 


