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Abstract  
This master’s thesis project is the final course of the program Industrial Design Engineering 
with focus on product development at Luleå University of Technology (LTU) Luleå, Sweden.  
 
This master thesis project was carried out during the autumn of 2014 at the Department of 
Interior & Support Systems as a part of the engineering division at BAE System in 
Örnsköldsvik, Sweden. The project was divided into two separate objectives. The first 
objective with the project was to redesign products with respect to an overall improvement 
of the products geometry, weight, material, use and accessibility. The second objective was to 
design a product to explore the possibilities of implementing a lighter material as an 
alternative to steel. This thesis project focus on products that are a part of, or intended for 
the infantry combat vehicle called CV90. 
 
The first objective focused on the redesign and optimization of an operator’s table with the 
incentive to improve the weight, geometry, use- and accessibility of the table construction. 
The second objective focused on the design of a weapon bracket to implement a new lighter 
material. The project followed a traditional product development process. A process of 
literature research of decisive theory concerning methods and approaches, theories and 
guidance. Literature studies founded the base of this project and were followed by an ideation 
process, concept development, evaluation of concepts, mock-up manufacturing and 
evaluation and finally, prototype layout for manufacture.  
 
The result of the weapon bracket is presented as a concept prototype to be manufactured in 
a carbon fiber material. Carbon fiber provides an extremely strong and light material that 
weighs around 18% compared to the mock-up, manufactured in steel. The use of carbon 
fiber resulted in a decreased weight of the bracket from 1.45Kg to 0.26Kg. The weapon 
bracket uses a module system that enables a two directional mounting ability of the rifle. The 
locking mechanism consists of an integrated spring forced bolt that locks and unlocks the 
rifle when retracted from the bracket. 
 
The operators’ table decreased 19.4Kg in weight due to the redesign of the rail system and 
the new geometrical modifications. The height from the floor to the table increased from 
500mm to 570mm which provided a better situation for the operator’s legs, especially for the 
operator located on the right side of the table. The new design of the table consisted of one 
limitation, the ability to retract the table boards separately. The overall design of the table 
was improved especially with respect to weight and accessibility for the operators’. 

 
KEYWORDS: Weapon bracket, Operators’ table, Carbon fiber, Optimization, Product 
development, Industrial design engineering, BAE Systems, Prototype



 

Sammanfattning
Det här examensarbetet är den avslutande kursen till programmet Teknisk design med 
inriktning mot produkt design vid Luleå Tekniska Universitet, Luleå, Sverige. 
 
Examenarbetet utfördes under höstterminen 2014 på avdelning för Interiör & Stödsystem 
som en del av divisionen för Engineering på BAE Systems i Örnsköldsvik, Sverige. 
Målsättningen med det här examensarbetet var att utveckla och vidarutveckla produkter för 
att förbättra geometri, vikt, material, användarvänlighet. Men även att undersöka 
möjligheten att införa lättare material som substitut för stål som för nuvarande är det mest 
använda materialet. Det här examensarbetet fokuserar på produkter som tillhör och som är 
avsedda för familjen stridfordon av typen CV90. 
 
Det här projektet är uppdelat i två delar. Den första delen behandlar vidarutveckling och 
förbättring av ett operatörsbord med fokus mot geometri, vikt, användarvänlighet. Den 
senare delen av projektet behandlar utvecklingen av en vapenhållare med fokus att undersöka 
möjligheten att implementera nya lättare material. Examensarbetet bygger på en traditionell 
produktutvecklingsprocess. Processen börjar med en undersökande del för djupare insikt i 
teoretiskt baserade metoder och tillvägagångssätt, teorier samt vägledning i utvecklingsarbete. 
De litterära undersökningarna lade grunden till projektet och följdes upp av idégenerering, 
konceptutveckling, utvärdering av koncept, mock-up-tillverkning samt utvärdering och 
slutligen utveckling av prototyp med tillverkningsunderlag.  
 
Resultatet av vapenhållaren i denna rapport presenteras som ett prototypkoncept med 
underlag för tillverkning i ett kolfibermaterial. Kolfiber är ett lätt och starkt material, vilket 
resulterade i att vikten reducerats till 18% av mock-up-modellen i stål. Användningen av 
kolfiber ledde till att vikten reducerades från 1.45Kg till 0.26Kg. Vapenhållaren bygger på ett 
modulsystem som möjliggör att vapnet kan placeras med pipan både uppåt och nedåt. 
Låsningen av vapnet består av enfjäderbelastad bult som låser samt låser upp vapnet i det 
tillbakadragna läget.  
 
Operatörsbordet lättades med 19.4Kg tack vare det optimerade skensystemet och de 
förbättrade geometrierna. Avståndet mellan golvet och bordsskivorna ökade från 500mm till 
570mm vilket resulterade i ett förbättrat benutrymme for operatörerna och då speciellt för 
operatören placerad på höger sida av bordet. Den nya designen av bordet bidrog till att en 
viktig funktion fick utgå, möjligheten att dra ut och styra bort en bordsskiva i taget. Överlag 
så förbättrades designen av bordet med avseende på bordets vikt och rörlighet hos 
operatören.  
 
 
NYCKELORD: Vapenfäste, Operatörsbord, Optimering, Produktutveckling, Teknisk 
Design, BAE Systems, Prototyp 
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1 Introduction 
This master’s thesis is the final course of the program Industrial Design Engineering at Luleå 
University of Technology, Sweden. The project of 30hp was carried out at the Department 
of Interior & Support Systems, a part of the engineering division at BAE System in 
Örnsköldsvik, Sweden. The project was performed during 20 weeks in the autumn of 2014.  
 
The CV90 is a modular armored combat vehicle delivered and developed to easily adopt 
different roles due to the flexible build-up of the chassis and its assigned sub-systems. The 
project consisted of two parts were the first part focus on the optimization of an already 
existing product in the crew compartment with respect to geometry, weight, material, use 
and accessibility. The second part treated the design of a new product with the incentives of 
implementing a new lighter material that could replace steel in the development process. 
 
 
1.1 Project incentives 
BAE System is a global company that 
develops and manufactures military 
equipment for marine, aerospace and land 
defense. The office in Örnsköldsvik is a 
developer and manufacturer of a wide 
range of land based all-terrain vehicle as 
the BvS-10, the BV-206 and the armored 
infantry combat vehicle family CV90. The 
project was introduced by David Stoltz, 
head of Interior & Support Systems as a 
part of the engineering division at BAE 
System Örnsköldsvik. The project 
incentives was to design and redesign 
components of the infantry combat 
vehicle CV90 with respect to an overall 
improvement of the components 
geometry, weight, material, use- and 
accessibility.  

 
The new design focused on implementing 
new materials that could improve the 
quality and performance of the vehicle. 
Today most of the components that are 
developed for the CV90 are made out of 
steel or aluminum due to high demands 
on strength and durability, price and 
production effectiveness.  
 
This thesis project is an opportunity to 
explore the possibility to implement new 
lighter materials in the product 
development process and to investigate if 
and how alternative materials can 
compete with steel as the primary choice 
of material in the future.  
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1.2 Project stakeholders 
The main stakeholder of this thesis project 
is the company of BAE Systems since this 
project treats the optimization of an 
existing product. BAE Systems will also 
benefit from this thesis project due to the 
investigation of using new materials in the 
development of a new product. This 
project is considered an entry project that 
focuses on the implementation of new 
materials in the product development 
process. BAE Systems will benefit from 
this project because the result of this 
project will contribute to the overall 
improvement of their vehicles.  
 
David Stoltz, head of Interior & Support 
Systems at BAE Systems is a stakeholder 
since this project was carried out at his 
department. David is considered the client 
of this project by the fact that it was 
introduced by him.  
 
Other stakeholders that will benefit from 
this project are all the people involved in 
the manufacturing, assembly or use of the 
vehicle CV90. 
 
And finally the last stakeholder of this 
project is Luleå University of Technology. 
Since this project is the final course and 
master thesis of the program industrial 
design engineering. 
 

1.3 Project objectives and aims 

 
Figure 1 Rendering of the CV90 crew 
compartment 

 
The project was divided into two 
objectives, optimizing the operators’ table 
and designing a new weapon bracket. 
Both of these components are poisoned in 
the crew compartment of the CV90, figure 
1. The operators’ table is poisoned on the 
right inside wall and can be used by the 
operators’ positioned in chairs L2/L3 in 
figure 1. The weapon bracket was designed 
to be poisoned on the wall between the 
chairs in figure 1. 
 
The objective with the operators’ table was 
to decrease the total weight and at the 
same time explore geometries, materials 
and usability to improve the situation for 
the operators’. The objective with the 
weapon bracket was to explore the 
possibility of using new lighter materials 
compared to steel. The development 
process of the new weapon bracket can be 
reviewed as a model of how alternative 
materials can be used. The objective with 
designing a new product to explore new 
materials aimed towards a small and 
comprehensible product to manage the 
project.  For that reason the project 
focused on the design of a weapon 
bracket. 
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As of now the unwanted weight increase 
has affected the performance of the 
vehicle in a negative manner. 
Exploring these objectives may hopefully 
result in an improvement of the 
performance and effectiveness of the 
vehicle.  
 
This thesis project will present two results 
in the end. The operators’ table will be 
presented with a working prototype 
displaying the effect of the optimization 
process. The weapon bracket will be 
presented by a working prototype 
manufactured in an alternative material 
displaying the benefits of a new material. 
As a result, the products will have 
decreased in weigh without compromising 
the situation for the operators’. This thesis 
project will benefit the company, the crew 
of the vehicle and the operators’ who 
interacts with the components. The 
project will be finalized by a presentation 
of the final concepts and the research 
regarding the use of new materials. The 
result will also provide construction data 
of the concepts, 3D-geometry (Catia files), 
blue-prints, bill of materials and assembly 
instructions. 
 
During the project following questions 
have been investigated. 
 

 Can a new design decrease the weight of 
the investigated products without 
compromising the strength, durability 
and safety? 

 

 Will a redesign of the operators’ table 
and the weapon bracket improve the 
user’s ability to operate the products? 

 
 Can the result of this project be used to 

conduct similar projects? 
 
1.4 Project scope 
This thesis project treats the design of a 
new product with the incentives of 
implementing an alternative and lighter 
material to steel and the redesign of an 
existing product to improve the products 
geometry, weight, use and accessibility. 
 
Alternative materials to steel will be 
explored to find an appropriate material 
to decrease the weight of the product and 
to manufacture a working prototype. 
 
This thesis project do not take in 
consideration the implementation of the 
concepts presented in the result. The 
further development of the concepts from 
the prototype phase will have to be 
performed later on by the company of 
BAE Systems.  
 
This project do not take in consideration 
the calculation of dynamic analysis of the 
products developed during this project. 
To verify the constructions such analyses 
have to be performed by the company of 
BAE Systems before implementing the 
products. 
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1.5 Thesis outline 
This outline summarizes the thesis for the 
reader in chronically order. This is to get a 
quick overview of the process behind the 
project. 
 
Chapter one covers the introduction and 
background of the project together with 
the projects incentives, stakeholders, aims, 
objectives and scope. 
 
Chapter two covers the theoretical 
framework that this thesis project is 
conducted upon. For instance; areas of 
user centered design and principles of 
human interactions. 
 
Chapter three covers the methods and 
process used during the project.  
 

Chapter four describes the result of the pre 
study that was conducted during the 
project. 
 
Chapter five presents the results of the 
operators’ table. 
 
Chapter six presents the results of the 
weapon bracket. 
 
Chapter seven comprises a discussion of the 
project with focus on the methods, 
processes and results. 
 
Chapter eight finalizes the thesis project 
with a conclusion where the research 
questions are answered. The aims and 
objectives are discussed together with the 
result of the project. 
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1.6 Background 
This section describes the current situation of the infantry combat vehicle CV90, what has 
led to the need for this project and a review of the aims and objectives that this project is 
based upon. 
 

 
Figure 2 CV90 Armadillo [Online image]. 

 
The CV90 (figure 2) is a modular armored 
combat vehicle delivered and developed to 
easily adopt different roles due to the 
flexible build-up of the chassis and its 
assigned sub-systems. The basic 
configuration of the CV90 comprises of a 
crew of three (3) people. The crew consists 
of a commander, gunner and a driver plus 
an additional staff of various quantities. 
The majority of the components of the 
vehicle are made out of steel, this has led 
to a progressive increase of the vehicles 
total weight. The unwanted weight affects  

 
the performance and the effectiveness of 
the vehicle in a negative manner. This has 
led to the pursuit of materials that can be  
used as an alternative to steel to decrease 
the weight of components. Even though 
the vehicle strives to lose unwanted weight 
an infantry combat vehicle like the CV90 
must sustain certain demands when it 
comes to protection and safety.  This is 
one of the reasons why this project focus 
on components located in the crew 
compartment described in section 1.3. 
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2 Theoretical framework 
This chapter summarizes the research that founded the basis for this project. First, a 
presentation of the program industrial design engineering is given followed by the 
theoretical framework that supported the development process of this project. 
 

2.1 Industrial design engineering 

The Master’s program Industrial Design 
Engineering at Luleå University of 
Technology (LTU) is an engineer based 
education that specializes in the field of 
design and product development. The 
program provides a solid foundation in 
engineer oriented courses such as 
mathematics, physics, material science 
and manufacture processes, etc. The 
program advances towards the field of 
product development, especially with 
attention towards human centered design, 
design processes and human machine 
interaction. The program features a broad 
foundation that provides the tools to 
manage the entire product development 
process, from problem definition to the 
final product. This broad education 
prepares the students for possibility to 
work in wide range of companies in 
different branches. The program 
emphasizes the relationship between 
human and product and fills the gap 
between mechanical engineer and 
industrial design. 
 
2.2 Design Process 
When the project was initiated theories 
regarding design processes were studied to 
structure the project. A systematic design 
process was established by studying these 
theories. What is design? To answer that 
question  KN·奥托 (美), Otto, K. N., & 
Wood, K. L. (2003) states that one has to 
define in what discipline the word design 

is used. There are many different 
disciplines to the word design, industrial 
design, engineering design, architectural 
design, etc. So to define the meaning of 
the word design and especially the process 
behind the design it is crucial to define in 
what discipline one is thinking of.  The 
process behind the design is very specific 
to the product that is being developed. 
Haik, Y., & Shahin, T. (2010) stated that 
there are two situations to designing a 
product. The first approach is called 
evolutionary change, which means that a 
product evolves with small changes over a 
period of time and according to Haik, Y., 
& Shahin, T. (2010) is this a typical 
approach when there is no competition on 
the market. The second approach, 
according to Haik, Y., & Shahin, T. 
(2010) is called innovation, the 
innovation approach is based on huge 
technology resources and fast scientific 
expansion. This approach compared to 
the evolutionary change has high 
competition over the parts of the market. 
 
Product development process 
Haik, Y., & Shahin, T. (2010) describes 
the process of design as a process that aids 
the designer to define a clear starting point 
followed by a set of events that guide the 
development from first ideation to final 
product. According to Haik, Y., & 
Shahin, T. (2010) the design process uses 
a systematic approach that does not 
compromise the designer’s creative 
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process. Kamrani, A. K., & Nasr, E. A. 
(2010) states that great products do not 
simply just get designed; instead they 
evolve through time by the steps according 
to the design process until the design in 
the end has been perfected. Brown, T. 
(2008) states that we tend to believe that 
great ideas reveille themselves as perfected 
in brilliant minds around us as a strike of 
genius. As Kamrani, A. K., & Nasr, E. A. 
(2010) states that they are in fact the result 
of hard work.  
 
According to Brown, T. (2008) a design 
process consists of three steps, inspiration 
ideation and implementation. Inspiration 
can be described as the quest of finding 
solutions to a certain problem. Ideation is 
the process of finding the solutions to a 
problem by developing ideas and testing 
does ideas. And, finally implementation as 
the word implies is the implementation of 
the product to the market. KN·奥托 (美), 
Otto, K. N., & Wood, K. L. (2003) 
describes the design process also by using 
three phases. According to ibid the three 
phases of design process are: 
Understanding the opportunity, Develop 
a concept and Implement a concept. 
Which are very similar to the steps that 
Brown, T. (2008) mentions. According to 
KN·奥托 (美), Otto, K. N., & Wood, K. 
L. (2003) the first phase includes all 
actions that are needed to make decisions 
concerning a new development process. 
According to ibid the second phase 
captures all actions concerning the choices 
on what the final outcome of the product 
will be. The third phase treats the process 
of making all products prepared to have a 
high-level of performance at all times. ibid 
says that in a development process a 
product is prepared to be produced after 
the final phase of the process. Haik, Y., & 

Shahin, T. (2010) states that people define 
the process of systematic design very 
differently. According to KN·奥托 (美), 
Otto, K. N., & Wood, K. L. (2003) it is 
virtually impossible to explicate a detail 
plan of a design process that can be 
applied to all industries because it 
depends on what product is being 
developed. The design process therefore 
needs to be planned to match each specific 
project. 
 
Stage-gate process 
Cagan, J., Vogel, C. M., & Boatwright, P. 
(2011) describes stage-gate as a process 
that stretches through the entire product 
development process and consists of 
milestones along the way, the ideation 
with the milestone is that they need to be 
accomplished for the development 
process to pass through the gate and 
towards next milestone. According to 
Melton, T., Yates, L., & Iles-Smith, P. 
(2011) companies don’t have insufficient 
resources which are why stage-gates can be 
used to evaluate that certain projects of 
ideations can be successfully developed to 
benefit the company. According to KN·奥
托  (美 ), Otto, K. N., & Wood, K. L. 
(2003) the gate can be view as an 
evaluation situation were the current stage 
of the process is evaluate to ensure that the 
process is worth moving on with.  
 
According to KN·奥托 (美), Otto, K. N., 
& Wood, K. L. (2003) at each gate it is 
usually up to the project manager to 
evaluate if the product or certain details 
should be developed further or be 
eliminated, there can also according to 
KN·奥托 (美), Otto, K. N., & Wood, K. 
L. (2003) be a scenario where neither of 
these two options are doable and that is 
when there are not enough information to 
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make such decision, then the 
recommendation can be that further 
research in the area needs to be 
conducted. This corresponds to what 
Kerzner, H. R. (2013) states that the most 
common decisions that need to be made 
at each gate are. 
  
 According to the original objectives the 

development process may continue. 
 

 According to new objectives the 
development process may continue. 
 

 The development process is canceled. 
 

 Further investigations are needed before 
making any decisions. 

 
KN·奥托 (美), Otto, K. N., & Wood, K. 
L. (2003) states that the purpose of the 
gates changes through the process, in the 
beginning of the project early gates are 
used to make sure that there is a market 
for the product being developed. KN·奥
托  (美 ), Otto, K. N., & Wood, K. L. 
(2003) describes that at the end of the 
process the gates change focus towards a 
more detailed level to make sure that the 
product will work before it proceeds to 
marketing.  
 

2.3 User centered design 
Theories regarding user centered design 
were studied to develop a design that 
would be easy for the operators’ to use. 
When designing a product today almost 
every feature of that product involves 
some kind of information processing. For 
instance a display on a microwave, a 
mobile application or seatbelt in a car, all 
of these products uses an interaction 
between man and machine. According to 
Endsley, M. R. (2011) back in the day’s 

products where designed using a 
technology centered design method which 
means that the system or the product 
displays the information that the system is 
built for. For example, airplanes control 
panels had one display for speed, altitude, 
engine temperature and so on illustrated 
in figure 3. As technology progressed more 
information led to more displays to 
communicate the information to the 
pilot. Endsley, M. R. (2011) states that 
people have a limit of how much 
information that can be processed at one 
time. This problem required a solution 
that could solve the problem with 
overvaluing amounts of information that 
had a negative effect on the people that it 
was meant to aid, illustrated in figure 4. 
This is where the concept of User centered 
design (UCD) came to place.  
 

 
Figure 3 Technology Centered Design adapted 
from Endsley, M. R., Bolte, B., Jones, D. G., 
(2003) 
 

  
Figure 4 Human Centered Design adapted from 
Endsley, M. R., Bolte, B., Jones, D. G., (2003) 
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Situation awareness (SA) 
According to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) situation awareness 
can be described as that people are 
responsive of their surroundings and are 
able to comprehend what that 
information means for them in the 
present and in the future. Awareness can 
in this case be described as the 
information necessary to perform a 
certain task or goal. Because, according to 
Endsley, M. R., Bolte, B., Jones, D. G., 
(2003) it is only the information necessary 
to perform a specific task that is crucial for 
SA. Endsley, M. R. (2011) states that for 
people in complex domains it is not 
enough to just perceive the situation of 
the surrounding environment to ensure 
good situation awareness. The people 
have to comprehend the meaning of what 
they perceive with respect to what the goal 
is. According to Endsley, M. R. (2011) 
p.10 situation awareness can therefore be 
described as “an operator’s understanding 
of the situation as a whole”. Endsley, M. 
R. (2011) states that SA can be viewed as 
the foundation upon which the decision 
making and performance is conducted on, 
displayed in figure 5. 
 

 
Figure 5 SA is the base of decision making and 
performance based on Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) 

According to Endsley, M. R. (2011) 
operators’ will be a more effective part of 
a system if they can accomplish a high-level 
of SA compared to if SA is hard to 
accomplish of not even possible. To define 
situation awareness Endsley, M. R., Bolte, 
B., Jones, D. G., (2003) lists three 
components that explain SA in more 
detail. 
 

Three levels of SA 
According to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) the definition of SA 
can be divided into three different levels, 
perception of necessary information, 
comprehension of information and projection 
of future status.  
 
Perception of necessary information 
The first level of SA treats the perception 
of the environment’s status, dynamics of 
relevant elements and attributes according 
to Endsley, M. R., Bolte, B., Jones, D. G., 
(2003).  For instance an army officer needs 
to perceive information concerning 
location of enemies, friendly forces and 
civilians together with weather, terrain, 
etc. According to Endsley, M. R., Bolte, 
B., Jones, D. G., (2003) a lot of the first 
level information are perceived by people 
from the rendering of the environment for 
instance information perceived through 
the window. According to Endsley, M. R., 
Bolte, B., Jones, D. G., (2003) it can be 
difficult to perceive all the necessary 
information especially in military 
situations because of bad visual 
perception, noise and fast alteration of the 
situations. In many complex situations 
there can be a lot of necessary information 
for a people to perceive  this is why 
according to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) that when designing 
for SA one must make sure that all the 
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necessary information is passed on to the 
operator. This is to make sure that the 
operator can easily comprehend the 
information even though there may be 
many other pieces that require the 
operator’s attention. Endsley, M. R., 
Bolte, B., Jones, D. G., (2003) refers to an 
example in the aviation business where 
the greater part of the problems 
concerning SA occurs at the first level. 
 
Comprehension of information 
As mentioned earlier information for SA 
is only important if it is relevant to the 
tasks or goals. According to Endsley, M. 
R., Bolte, B., Jones, D. G., (2003) the 
second level of achieving good SA treats 
the comprehension of the collected data 
from level one with respect to the tasks or 
goals. Endsley, M. R., Bolte, B., Jones, D. 
G., (2003) states that the second level of 
SA involves putting the pieces of data 
together and sorting out the important 
information necessary to achieve the set 
goals or tasks, illustrated in figure 6.  

 
Figure 6 Level 2 Situation awareness based on 
Endsley, M. R., Bolte, B., Jones, D. G., (2003) 

 
As an example of the second level of SA 
Endsley, M. R., Bolte, B., Jones, D. G., 
(2003) refers to a driver of a car 
approaching an intersection were the stop 
light turns yellow, the information of the 
deceleration of the car in front of the 
driver and the distance from the stop light 
allows the driver to determine if she needs 
to stop the car or keep going. 

Level two of SA makes the driver aware of 
the situation and its impact on her goals. 
 
Projection of future status 
According to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) the third level treats 
the prediction of what is going to happen 
in the future. Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) states that when 
people have perceived the data and 
understands the meaning of it a person’s 
ability to use that information to predict 
what it will lead to in the future, that 
process establishes the third level of SA. 
According to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) the only way a person 
can achieve the third level of SA is if the 
person can comprehend the second level 
together with the system that they are 
using. According to Endsley, M. R., Bolte, 
B., Jones, D. G., (2003) the driver 
understand that by proceeding towards 
the intersection she might collide with 
another car and it is that projection of 
what might happen that allows the driver 
of the car to be proactive in the decision 
making process. According to Endsley, M. 
R., Bolte, B., Jones, D. G., (2003) there are 
also another factor that plays a part in SA 
and that factor is time. Endsley, M. R., 
Bolte, B., Jones, D. G., (2003) states that 
both levels two and three are greatly 
affected by time. This is because according 
to Endsley, M. R., Bolte, B., Jones, D. G., 
(2003) the situation is constantly changing 
which results in a constant need of change 
for people’s SA to always be updated. 
According to Endsley, M. R., Bolte, B., 
Jones, D. G., (2003) the effect that time 
has on SA, demands that people 
constantly adjust their cognitive strategies 
a lot to preserve SA. 
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2.4 Usability 
Theories regarding usability were used in 
this project to support the development of 
a product that can communicate how the 
user needs to operate it. Dumas, J. S., & 
Redish, J. (1999) explains usability as an 
attribute that every product has, just like 
products functionality. Were the 
functionality represents what a product 
can perform and usability refers to how 
users use that product. According to 
Dumas, J. S., & Redish, J. (1999) many 
designers focus on the products 
functionality instead of its usability, i.e. 
what a product can perform instead of 
how to use it. Dumas, J. S., & Redish, J. 
(1999) explains that the “driving force” in 
the decision making process when 
developing a product should be, to aid the 
users to complet their tasks. According to 
Dumas, J. S., & Redish, J. (1999) a 
product has no own value. Instead, a 
product only has value in the extent it is 
used. Use requires users so therefore is the 
conclusion that users are the keystone of 
developing good usability. Barnum, C. M. 
(2010) explains three important 
components in usability. 
 
Specific users that the users should be the 
ones that are the target group of the 
product, this corresponds to what Dumas, 
J. S., & Redish, J. (1999) states that it is 
important to work and use actual people 
that represent the real users, for instance a 
person that is not considered a real user of 
the product can never substitute an actual 
end user. 
 
Specified goals by having specific users that 
represent the real end users they have to 
share the goals of the product, i.e. their 
goals. 

According to Dumas, J. S., & Redish, J. 
(1999) one major component of making a 
usability product is to set specific goals in 
the beginning of the design process and 
then work towards for filling those goals. 
There are many means that will facilitate 
the decision making process towards a 
user-friendly design by setting these goals, 
compared to setting one major goal like 
“let’s make a user-friendly product”. 
According to Dumas, J. S., & Redish, J. 
(1999) a usability goal can be: The user 
manages to install and set-up a specific 
program in 10 minutes or less. According 
to Dumas, J. S., & Redish, J. (1999) if 
these types of goals isn’t used it’s hard to 
know if the product is user-friendly. To 
evaluate the product the user can perform 
certain tasks on prototype to try to reach 
the goals set.  
 
Specific context of use it is important that the 
product is developed to function in the 
same environment as the operators’ will 
use it. This is why according to Dumas, J. 
S., & Redish, J. (1999) it is important to 
use real end users in the development 
process because it is the end user of the 
product that determines if a product is 
easy to use and not the designer. 
According to Dumas, J. S., & Redish, J. 
(1999) an important part of developing a 
usable product is to understand what the 
user aims to perform with the product.  
 
According to Dumas, J. S., & Redish, J. 
(1999) if a product doesn’t help the users 
to perform their tasks more quickly and 
easily the users won’t use the product. 
This corresponds to two of three measures 
of usability that Barnum, C. M. (2010) 
describes as effectiveness and efficiency. 
Barnum, C. M. (2010) describes this as a 
part of usability that adds value to the 
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product. If the product doesn’t add value 
(in this case effectiveness and efficiency) 
that facilitates the operation for the user, 
then the user will not use the product. 
 
However, according to Barnum, C. M. 
(2010) the third measure of usability can 
tromp the first two of effectiveness and 
efficiency, satisfaction. According to 
Barnum, C. M. (2010) if the user like the 
design for instance and find that the 
experience of the product is positive then 
the users are willing to use the product, 
despite the problems of effectiveness and 
efficiency. Barnum, C. M. (2010) p.12 
describes this as “satisfaction = desirable”. 
This is why according to Barnum, C. M. 
(2010) developers nowadays try to make 
new products that capture the factors that 
satisfy users.  
 
According to what Dumas, J. S., & 
Redish, J. (1999) mentioned above it was 
important to set usability goals and 
working towards does goals. 
Quesenbery, W. (2001, October) has 
defined usability according to what she 
calls the five E: s (5E: s), which can be easy 
to remember. 
 
Effective – The level of how complete and 
accurate the task is when it is finished 
according to the set goals. 
  
Efficient – How fast and accurate the users 
can finish the tasks. 
 
Engaging –How pleasing and satisfying the 
system is to use. 

Error tolerant – A system that is able to 
prevent error from occurring due to users 
interaction and when error occur aiding 
the user to recovering from those errors. 
 
Easy to learn – How easy the product is to 
learn and use both in the initial phase but 
also through the lifetime of the product. 
 
According to Quesenbery, W. (2001, 
October) these five characteristics 
mentioned above can be used to set 
usability goals to be tested during a 
usability test. 
 
2.5 Usability testing 
To evaluate if the design could be 
understood by the users, theories 
supporting usability testing was used to 
develop a test where participants could 
evaluate the product. The following 
theories was used to develop that test. 
Rubin, J., & Chisnell, D. (2008) describes 
usability testing as a process that involves 
people as testing participants that 
represent end users of the product. The 
participant’s incentives are to evaluate the 
products with respect to certain usability 
criteria. Barnum, C. M. (2010) describes 
that usability testing can be divided into 
two test types depending on the goal of the 
test and when the test is executed. 
Barnum, C. M. (2010) divides the test in 
Formative testing and Summative testing. 
Formative testing tests the product during 
the development phase and Summative 
testing treats the test of a finished product.  
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The goal of the formative testing is to 
diagnose and fix problems that occur 
during the development process while the 
goal of the summative test aims towards 
establishing that the product meets the 
requirements.  
 
According to Barnum, C. M. (2010) when 
conducting small user studies there are a 
few important things that need to be 
accounted for to receive a good result. 
According to Barnum, C. M. (2010) the 
following elements need to be performed. 
 

 Define the user profile 
 

 Create a task based scenario 
 

 Use think out loud process 
 

 Make changes and test again 
 

Define the user profile; According to 
Barnum, C. M. (2010) today most 
products are developed for a wide range of 
people. Even if the user group is quite 
narrow there can be a variation of users. 
According to Barnum, C. M. (2010) when 
structuring a small user test with five to six 
people one can create a profile of the users 
to have as a foundation for the 
recruitment process. 
 
Task based scenarios; According to Barnum, 
C. M. (2010) when dealing with small 
scale user tests it’s important to provide 
the participants with a certain task to 
perform, this is to make sure that the test 
provides a useful result. 
  
Think out loud process; Barnum, C. M. 
(2010) states that think out loud process 
means that the participants verbally 
explain their actions as they conduct the 

tasks. It can be useful to hear the 
participants explain their actions of why 
they perform a certain operation. 
 
Test again; Barnum, C. M. (2010) states 
that by using a small user test it can be 
hard to determine the solution of a certain 
problem, the problem can be located by 
performing the user test, but not the 
solution to the problem. If possible a 
follow-up test can be performed to 
evaluate if the solution works. 
 
Barnum, C. M. (2010) calls this process 
iterative testing, she states that the 
advantage of this process is that it provides 
the ability to learn from the users, make 
changes according to what you learned 
and perform new tests. According to 
Dumas, J. S., & Redish, J. (1999) 
improving the usability of a product is the 
main goal when conducting usability tests. 
The process of iterative testing is 
illustrated in figure 7. 
 

 
Figure 7 Iterative testing based on Barnum, C. M. 
(2010) 

 
As According to Dumas, J. S., & Redish, 
J. (1999) mentions, the main goal is to 
improve the usability of a product, but 
conducting usability tests can also 
contribute to an improvement of how a 
company develops products. According to 
Dumas, J. S., & Redish, J. (1999) another 
goal with the usability test is to improve 
the development process of products so 
that the process doesn’t repeat the same 
wrongdoings with future products.  
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2.6 Semantics 
The products that are being developed in 
this project requires an interaction with 
the operators’. To manage to develop a 
design that can be understood by the 
operators’ theories supporting semantics 
and affordance (section 2.7) was used as a 
guidance in the design process. Vaes, K. 
(2014) describes product semantics as the 
area where designers try to comprehend 
products ability to communicate further 
meaning to users and user’s surroundings. 
Features like how products look, certain 
approaches of how the product is used 
and product stereotypes from different 
cultures. Vaes, K. (2014) states, products 
that possess semantic qualities have the 
potential of being comprehensive, 
intuitive and engaging. According to Vaes, 
K. (2014) by using Monös four semantic 
functions when designing a product the 
designer has the possibility of providing 
the user with a clear message through the 
product gestalt, i.e. material, surface, 
structure, etc. According to Vaes, K. 
(2014) the four semantic functions are. 
 

 Describe – The function, way of 
use, purpose, etc. can be 
explained by a products gestalt, 
i.e. material, surface, structure, 
etc. 
 

 Express – The properties of a 
product can be expressed by its 
value, quality, lightness, etc.  
 

 Signal – Users can react to the 
gestalt of a product in a specific 
way, being careful for example. 
 

 Identify – A product’s purpose and 
connection with a system can be 
identified through a product’s 
gestalt. 
 

Vaes, K. (2014) explains that it is 
important for a designer to comprehend 
that the object will always communicate 
with the user and can never be 
contextually neutral in that since. These 
functions make the products 
understandable in a certain context, Vaes, 
K. (2014). This is supported by 
Krippendorff, K., & Butter, R. (1984) p.4 
who states that “an objects form says; first, 
something about the object itself; second, 
something about the larger context of its 
use”. According to Krippendorff, K., & 
Butter, R. (1984) the form of an object 
does not explain what the object is. 
Instead, the object is what it 
communicates to the user.  
 
For example a push-button indicates 
“push me” and the location of the button 
or its label indicates what consequence the 
action of pushing the button will have. 
 
According to Krippendorff, K., & Butter, 
R. (1984), there is a list of infelicities that 
can occur as a result of semantic use when 
developing form. Krippendorff, K., & 
Butter, R. (1984) lists four kinds of 
infelicities. 
 
The first type of infelicities may occur when 
different products are rendered 
indistinguishable or unidentifiable by a 
user. Infelicities like this is especially 
dangerous when they happen in 
emergency equipment, or similar that 
needs to be operated during stress. 
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The second type of infelicities occurs when 
a user is unable to operate a product in 
preferred way. The second type is based on 
a number of semantic attributes. 
 

 Visual or tactical diversity of the 
components of a product. 
 

 The placement of a product’s 
components in special 
arrangements, so that movements 
and controls can be found and 
operated logically. 
 

 To render signals of an object 
internal state in places that 
facilitates the ability to read and 
manipulate objects or support of 
that ability. 
 

The third kind of infelicities occurs when a 
product or system denies a user from 
exploring the nature of the product with 
the incentive to improve its way of use or 
to discover other areas of use. 
 
Finally, the fourth kind of infelicities is 
based on products lack of ability to match 
the symbolic environment where 
operators’ need to use them. 
 
According to Krippendorff, K., & Butter, 
R. (1984) the four types of infelicities 
mentioned above are not complete or 
exclusive; they are more of an illustration 
of how designer’s mistakes can come to 
cause affects in the symbolic domain. 
 
2.7 Affordance 
Affordance is relevant to this project to 
develop a locking mechanism for the 
operators’ to use without having to access 
their cognitive processing. You, H. C., & 
Chen, K. (2007) explains that affordance 

can help designers to target perceptual 
motor level interaction instead of 
cognitive processing. So what is 
affordance? Well Donald A. Norman 
(2013) states that affordance is not a 
property as many of us may think, instead 
affordance can be described as the 
relationship between people’s capabilities 
and the properties of objects, and it is that 
relationship that determines how a certain 
object can be used. Affordance can also be 
described according to You, H. C., & 
Chen, K. (2007) as a product’s ability to 
aid a user’s actions without the need of the 
user’s memory, interference and further 
interpretation. You, H. C., & Chen, K. 
(2007) states that affordance work as a 
feature in products that doesn’t cause 
actions, but make actions possible for the 
user.  
 
Lidwell, W., Holden, K., & Butler, J. 
(2010) explains this as the physical 
characteristics that an object affords a 
certain function more than others. For 
instance a round wheel affords better 
rolling than a square wheel. This is one of 
the reasons why affordance has come to 
play an important part in the way that we 
design with objects. According to You, H. 
C., & Chen, K. (2007) a good approach of 
using affordance without compromise the 
usability and functionality of the product 
is to make functional affordance visible 
and comprehensive. Donald A. Norman 
(2013) states that visible affordance gives 
powerful clues to the user of how to 
operate objects. Lidwell, W., Holden, K., 
& Butler, J. (2010) suggests that when it is 
possible one should design objects that 
correspond to the intended use of the 
objective to create the right affordance.  
  

https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
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This corresponds to what Donald A. 
Norman (2013) examples that a flat plate 
indicates a pushing affordance when 
located on a door and a knob provides the 
affordance of turning, pulling or pushing. 
The relationship of affordance between 
users and objects is a powerful tool of how 
we interact with objects. According to 
Donald A. Norman (2013) perceived 
affordance aids people to understand 
what operations are possible without the 
use of instructions and labels. 
 
You, H. C., & Chen, K. (2007) states that 
existing affordance can guide users to 
perform actions even when the users 
cannot comprehend what the product or 
the instrument is meant for. According to 
Lidwell, W., Holden, K., & Butler, J. 
(2010) when the affordance of an object 
matches the function that it was made for 
the design will be easier for the user to 
operate which will make the design 
perform more efficiently. 
 
Even unintended affordance can occur 
that the designer hasn't planned. This is 
why according to You, H. C., & Chen, K. 
(2007) products can be operated in 
various ways. To avoid that such events 
occur Lidwell, W., Holden, K., & Butler, 
J. (2010) states that one should, when 
possible, design objects to negatively 
afford improper use, for example stackable 
chairs should be designed so that they can 
only be positioned in one direction.  
 
To aid the user in their actions and to 
prevent a trial and error approach You, H. 
C., & Chen, K. (2007) states that 
designers can get rid of unnecessary 
affordance or add visible and 
understandable information so the users 
can predict the outcome of a certain 

action. This is commonly known as 
semantics in product design. 
 
According to You, H. C., & Chen, K. 
(2007) Semantics in product design can be 
used to aid the user to understand the 
product and make user aware of the 
affordance implication to the products 
functions. To make that possible You, H. 
C., & Chen, K. (2007) states that designer 
need to trust the user’s knowledge and 
experience to design symbols for the 
product. 
 
2.8 Carbon fiber research 
This project aimed towards the 
implementation of a lighter material as an 
alternative to steel. A research was 
conducted to explore the possibility of 
using carbon fiber to manufacture a 
working prototype. This section covers the 
result of that research. 
 
Fiber properties 
Carbon fibers are produced in a wide 
range of different properties and 
configurations depending on their 
intended purpose. In this project a lot of 
different manufacturers were contacted to 
discuss the subject of carbon fibers. The 
conclusion of the fiber research regarding 
the use of non prepreg carbon fibers was 
to use a fiber from the large manufacturer 
called Torey. The Torey Company is one 
of the largest manufacturers of carbon 
fibers and provides a spectrum of different 
fibers. For the bracket application a Torey 
fiber called T-700 was best suited with 
respect to properties and price. The T-700 
is a high-strength; standard modulus fiber 
with a tensile strength of 4900MPa, when 
the T-700 is used in a composite 
configuration it provides the component 
with a tensile strength of 2550 MPa.  

https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
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The T-700 is a fiber that comprises of 
excellent mechanical properties together 
with a manageable price. There are fibers 
with a higher tensile strength and higher 
tensile modulus like the T-l000, which is a 
fiber commonly used in space and aircraft 
applications. The T-1000 comes with a 
much higher price and therefore the use 
of T-1000 could not be motivated in this 
type of application.  
 

Manufacturing Process 
A carbon fiber composite consists of at 
least two different components, fibers and 
some sort of resin usually an epoxy. There 
are different approaches of manufacturing 
a carbon fiber component, but the one 
valid for this project is called hand-layup 
process. The hand lay-up process uses a 
manual approach where the fibers are 
placed onto a tool/mold, shaped as the 
component, displayed in figure 8. 

 
Figure 8 Initial phase of hand-layup process 

 
The tool is made in this case out of 
aluminum of which the surface has been 
anodized to provide the finished product 
with a high quality surface. A coating is 
then applied to the surface of the tool so 
that the component will come lose at the 
end of the process. The fibers are then 
applied first in a 0/90 degree angle 
followed by a layer of resin or if a version 
of carbon fiber called prepreg is used the 
resin is pre applied to the fibers.  
 

This cycle is repeated with the rotation of 
the fibers by +/- 45 degrees for the 
component to have isotropic properties, 
i.e. have the same mechanical properties 
in all directions.  

 
Figure 9 Carbon fiber layers are applied 

 
This cycle is repeated until the desired 
thickness of the component is reached in 
this case a thickness of 2mm, illustrated in 
figure 9. After the hand-lay-up process is 
finished the component and the tool are 
sealed inside a vacuum bag from which the 
air is retracted. The components and the 
bag are placed inside an autoclave which 
applies pressure and heat to the 
component which hardens the structure 
over time, displayed in figure 10. 

 
Figure 10 Hardening process inside autoclave 

 
When the autoclave process is complete 
the component has to cool down. The 
cooling period is controlled to not cause 
any stress to the material. During the 
cooling period the pressure and vacuum 
are still maintained. When the 
component is finished it can be processed 
further. Carbon fiber should not be 
processed by laser so for further processing 
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either a milling or water jet process is 
required to cut holes and cavities to the 
component, illustrated in figure 11. 
 

 
Figure 11 Water jet cutting of the component 

 

After the component has been processed, 
a clear coat can be applied to the surface 
to create an esthetic and protective layer, 
notable for this process is that the clear 
coat adds additional weight to the 
component and is not preferred in this 
case. After the optional clear coat phase 
the product finished, figure 12. 
 

 
Figure 12 Finished carbon fiber component 

 

Fire 
The rapport, Dangers relating to fires in 
carbon-fiber based composite material SP 
Rapport 2003:31 Borås 2003 from the 
technical research institute of Sweden 
states that the fibers are not dangerous 
when they are connected to the laminate 
and the polymer matrix. The fibers in the 
components are too large to be inhaled. 
Dough, fibers can be fragmented due to a 
fire situation. The result from their 
attempts show that carbon fiber is a 
relative inert material that demands high 
temperatures above 600 degrees Celsius, 
high oxygen level and air flow as a 
mechanical abrasion to decrease the 
diameter of the fibers effectively which 
generates inhalable fibers that may cause a 
health risk. Such scenarios can be 
compared with a flashover situation like in 
an airplane crash.  
 
According to the rapport, Dangers 
relating to fires in carbon-fiber based 
composite material SP Rapport 2003:31 
Borås 2003 from the technical research 
institute of Sweden carbon fiber has a 
high-level of conductivity which can cause 
electronic equipment to be short-circuited 
due to a fire incident that can cause 
airborne fibers to land on electronic 
equipment. This requires the same 
flashover situation as in the previous 
health risk scenario. In the situations 
where the carbon fiber fibers can cause 
any risk for the health of the operators’ or 
in cases where it can damage the 
equipment of the vehicle is in such 
flashover situations with high oxygen level 
and mechanical abrasion that it is 
considered no harm in using carbon fiber 
components. 
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3 Method and Implementation 
This chapter treats the method and implementation of the project. The process used in this 
project was developed with inspiration from The Design Process. (n.d.). First, a pre study 
consisting of a project plan, context, literature review and an analysis is described followed 
by the ideation- and concept development process. The chapter finalizes by a prototype 
manufacturing process and an evaluation of the project. 
 

 
3.1 Project planning 
Kerzner, H. R. (2013) describes planning as an 
ongoing process that need to focus on the 
future when making decisions related to the 
company and using methods to organize the 
actions needed to perform these decisions.  
The project planning of this thesis project was 
conducted using various methods and tools to 
structure and facilitate the process. 
 
Project Plan 
To structure the project a project plan was 
constructed according to the stakeholder, aims 
and objectives, scope and limitations, 

 
a description of the product development  
process and a Gantt-chart showing a rough 
time plane of how the project would be 
executed. The project plan described the 
overall context of the project. 
 
Gantt-Chart 
Drury, C. G. (1995) explains Gantt-chart as a 
graphic tool to organize activities according to 
time. In this project a Gantt-chart was used to 
structure each activity according to time. 
Drury, C. G. (1995) states that the Gantt-chart 
should be structured in a way that provides 
each activity with a bar that begins and ends at 

Pre study
Project planning, Context, 

Literature review, Analysis

Ideation 
development

Concept 
development

Prototype 
manufacturing

Evaluation

Figure 13 The design process inspired from The Design Process. (n.d.) 
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the time of the planned activity. All activities 
in the Gantt-chart were listed according to the 
time that they were planned to be executed. 
An estimation of the time was established in 
relation to the other activities. After all 
activities were listed and time was estimated 
the chart provided a comprehensive graphic 
overview of the project, displayed in Appendix 
2. 
 
3.2 Context 
Before the project could be initiated, a better 
understanding of the context had to be gained. 
The necessary information was gathered by 
conducting observations and document 
reviews. 
 
Observations 
Sapsford, R., & Jupp, V. (Eds.) (2006) describe 
observations as; information that we interpret 
through all of our senses, which we later on 
combine and process into what we call 
observations. Throughout the project 
observations have been a constant source of 
information. Information and knowledge has 
been gained from products, situations and 
environments by using observations at BAE 
System. Most of the information concerning 
products was gained through product 
description data, CAD-PDA articles and CAD-
files. A better understanding of the situation 
was gained by conducting observations in a 
real environment together with real people 
that using the products. This was especially 
useful in the early stage of the project when a 
lot of new information had to be absorbed. 
Sapsford, R., & Jupp, V. (Eds.) (2006) 
mentions four (4) great advantages with using 
observation as a data collective method: 
 
First, the researcher has direct access to the 
information about both the physical 
environment and the behavior of the user 
during the observation, which provides the 
researcher with accurate information 
compared to retrospective data which can 
easily be misinterpreted. 
 

Second, during a situation in a given 
environment a great advantage with 
observations is the ability to perceive things 
that the user doesn’t. For instance crucial 
details that the user might take for granted. 
 
Third, observation is a powerful tool when 
dealing with users with seeing or hearing 
disables who can perform certain tasks, but is 
unable to explain the situation. 
 
Fourth, finally be able to use observation data 
as a supplement to previous collected data for 
comparison.  
 
Document review 
Schuh, J. H. (2011) describes three (3) 
advantages with using document review as a 
data collection method. 
 
First, the researcher don’t have to use and plan 
the research together with any participants due 
to that the document review can be performed 
by the researcher single-handedly. 
 
Second, the data that the researcher examines 
has already been transcribed. 
 
Third, the reviewed data is not forced on you. 
 
Document reviews was a recurring event 
during the entire project. It was not possible 
nor considered effective to collect all the 
necessary data at one time instead the data 
were reviewed when certain information was 
required. Documents were reviewed to explore 
and examine fields of interests concerning the 
company and products. Especially to receive 
information and knowledge concerning 
product, configurations, details and materials 
that could benefit the project.  
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3.3 Literature review 

After the project planning was completed, a 
literature research began. Theories supporting 
data collecting methods, human centered 
design, semantic functions, etc. The 
theoretical framework founded the basis for 
the entire project and provided guidance 
during the development phase. All the 
theories that have been used in this project 
have been gathered through various sources of 
information such as literatures, articles and 
rapports. Google scholar has been the primary 
source of information from which literature 
studies has been gathered. Words used in the 
search of information were: User-centered-design, 
Design process, Usability and usability testing, 
semantic and affordance, product design and 
similar related terms. 
 
Other sources of information were also used 
such as articles, books and conversations with 
people contributing with knowledge and 
experience to the project. To verify the content 
of information multiple sources was used 
according to following criteria. The literature 
from Google Scholar where chosen according 
to how; 
 

 Relevant it was to the search criteria.  
 

 The information related to the project.  
 

 How popular the literature was 
according to the number of citations.  

 

3.4 Analysis 

The collected data throughout the project has 
been analyzed using various methods and 
application depending on the content and 
application of the gathered data. The 
following tools have been used due to their 
unique ability to sort and analyze data with 
respect to certain outcomes. 
 
Affinity diagram 
Awasthi, A., & Chauhan, S. S. (2012) 
describes affinity diagram as a tool to manage 
information by categorizing the collected data 
by how they relate to each other. According to 
Awasthi, A., & Chauhan, S. S. (2012) the 
collected data can be categorized using 
different methods like brainstorming or by 
analyzing collected data from interviews and 
surveys. Affinity diagram was used during this 
project to manage the collected data from the 
different sub-systems of the CV90. Since there 
were many components derived from different 
sub-systems. Affinity diagram was used to 
manage a graphic comprehension of those 
components. The affinity diagram provided a 
quick schematic overview of the various parts 
and products collected from each sub-system.  
 
Excel table 
When the data were collected, there were a lot 
of different parts and components with 
different quantity, weight, material, etc. To 
structure the collected data in an easy way a 
suitable tool was required.  
 
An excel sheet was used to rank and categorize 
the collected data according to the desired 
aspects. The gathered data was inserted into 
excel using various categories that were 
considered significant for the outcome. The 
sheet provided the ability to rank parts of each 
sub-system with respect to different 
parameters. 
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3.5 Idea development 

In this section the methods used to develop 
the first ideations of the concepts are 
presented. First, the brainstorming and 
sketching sessions are presented followed by 
the research of the third party components.  

3.5.1 Brainstorming 
Chauncey, Wilson. (2013) describes 
brainstorming as a method that can be 
performed in groups or single-handedly with 
the incentives of developing ideas, increase the 
efficiency of creativity or to solve problems. In 
this project brainstorming was conducted with 
both the intention of generate technical 
solutions and esthetical concepts to various 
problems. According to Clark, C. H. (2014) 
there is a set of ground roles when using 
brainstorming as a method; 
 

 Criticism is ruled out 
No negative objections are allowed 
during the brainstorming even. 
 

 Free-wheeling is welcomed 
The crazier ideas that are generated the 
better result. 
 

 Quantity is desired 
The more ideas the better equals more 
to choose from later. 
 

 Combination and improvement are 
sought  
Participants should endorse other 
people’s ideas instead of their own. 
How can other’s ideas be better or how 
can they be combined into a better 
result. 

 
Brainstorming was used to generate a vast 
spectrum of ideas. During the project 
brainstorming was performed in combination 
with brain sketching to explore different 
technical possibilities. The combination of 
using brainstorming and brain sketching was 
useful due to the playfulness of creating ideas 
and the ability to keep all the ideations for 
later development. 

Brainstorming provided a pool of ideas that 
were valuable later to initiate the concept 
development process. 
 
Operators’ table 
Brainstorming was performed in the 
beginning of the project to find new solutions 
for the operators’ table. The notion with the 
brainstorming sessions was to generate new 
ideas of how to improve the construction of 
the operators’ table without affecting its 
functionality. The goal was to find new 
solutions with the same physically strengths 
and endurance as the previous version. 
Brainstorming was also used to explore 
innovative solutions of the hinges that could 
improve the construction.  
 
The brainstorming sessions had to be 
performed separately for each component but 
with the notion that the concepts should work 
together. One problem could not be solved 
without taking the others in consideration. 
When enough ideas were generated the results 
of the brainstorm were merged together in 
various combinations to explore new 
solutions. 
 
An important scenario was finding a solution 
for the locking mechanism of the table. 
Certain safety specifications had to be taken in 
consideration during the brainstorming 
session to get a useful result. The following 
safety specifications were used in the 
brainstorming session: 
 

 If the locking mechanism is to be 
positioned in a vertical alignment then 
the unlocking procedure must be 
performed in a two-step process. For 
instance push a button and pulling a 
knob. If the unlocking is performed in a 
single motion than the locking 
mechanism is to be placed in a 
horizontal position. 
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 The locking mechanism need to be 
placed so that the operators’ easily can 
operate it. 

 
 The locking mechanism is to be 

designed so that when the boards are 
pushed in their retracted position they 
will auto lock. 

 
These criteria were used as a reference point 
during the brainstorming session when 
different concepts were explored.  
 
Weapon bracket 
The weapon bracket process began with a 
brainstorming session to explore in what 
different ways the rifle could be mounted into 
a new bracket. Before the session began, there 
was one certain aspect that needed to be taken 
in consideration during the brainstorm: 
 
What procedure would be the easiest to 
perform, to mount and dismount the rifle 
from the bracket? 
 
The brainstorming session focused on 
exploring in what different ways the rifle could 
be mounted. The ideas that facilitated the 
mounting of the rifle in the best way were 
processed further to develop the design of the 
bracket. Since the mounting procedure of the 
rifle was predetermined, the design process 
was facilitated in making the right design 
choices later on. 

3.5.2 Sketching 
Tovey, M., Porter, S., & Newman, R. (2003) 
describes sketching as a way of communicating 
design ideas and to replicate the designer’s 
mental images.  
 
After the brainstorming session, the result was 
used as a foundation to create concept 
sketches that could explain the ideations 
visually. The concept sketches were used to 
progress the ideation process to visualize the 
ideations to get a sense of what could be used 
and what to get rid of. Sketching was used 
because of the effectiveness and the flexibility 
it provided. The ability to easily try different 
combinations, rearrange and explore details in 
a quick way without wasting too much time.    
 
Operators’ table 
To explore the ideas from the brainstorming 
sessions, sketches were created that visualized 
the different concepts of the table together 
with various placements of the table boards 
and the hinges. The use of sketches was 
valuable to be able to visualize the different 
concepts for a better understanding of the 
configurations. The sketches were also created 
to work as a foundation or as simple blue-
prints for the CAD-phase.   
 
Weapon bracket 
The ideations from the brainstorming session 
of how to mount the rifle into the bracket in 
the best possible way were the key elements of 
the sketch process. From the various ideas of 
the brainstorming session the best approach of 
mounting the rifles in the bracket was simply 
to do an arc movement and docking the rifle 
inside a bracket. This was considered an easy 
operation to perform. The sketch phase 
focused on a design that could facilitate this 
kind of operation. 
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3.5.3 Third party supplier research 
One of the approaches in the ideation process 
was to investigate the third party suppliers. 
Suppliers that provide technical solutions to 
various problems, components like industrial 
hinges, locking mechanism, release buttons, 
etc. Displayed in figure 14. 
 

 
Figure 14 Third party components 

 
Studying the suppliers gained a better 
understanding of what components were 
available and what solutions could be possible 
to create in the concept development stage. A 
lot of the concepts that were produced during 
the ideation process were results of the 
combination between innovation and third 
party components. More realistic concepts 
were developed by combining the ideations 
with the third party components. Sense this 
project was based on actual working solutions 
compared to futuristic concepts the 
combination of these two approaches resulted 
in realistic solutions.  
 

3.6 Concept development 

In this section the concept development of the 
project is presented. First, technical drawings 
is described followed by the CAD-modeling 
phase and the mock-up development. 

3.6.1 Technical drawings 
Goetsch, D. L., Chalk, W., & Nelson, J. A. 
(1999) p.3 describes technical drawing as: 
 

“A means of clearly and concisely 
communicating all of the information 

necessary to transform an idea or a concept 
into reality” 

 
Goetsch, D. L., Chalk, W., & Nelson, J. A. 
(1999) describes that the essence of a technical 
drawing is to communicate all the necessary 
information. That is why technical drawings 
often includes notes, dimensions and 
specifications. During the project technical 
drawings was used when the step from concept 
sketches to computer modeling was too big 
and when the need of more detailed and 
structured support was necessary. The concept 
sketches were redrawn into technical drawings 
using more accurate illustrations with 
dimensions and relationship between 
components, displayed in figure 15. The 
technical drawings could later on be used as 
blue-prints when the concepts were modeled. 
The concepts were modeled by using 
computer-aided design (CAD) software called 
Catia. 
  
Operators’ table 
Since the current construction of the 
operators’ table was installed in a mock-up of 
the CV90 it was a perfect opportunity to make 
changes on the construction and use it as a 
mock-up to try new concepts. Concepts that 
were developed in the early stage of the sketch 
phase were taken to the next level of detail 
planning using technical drawings. New 
solutions of hinges could be explored in more 
detail together with the components from 
third parties. The locking mechanism was also 
explored in more detail before moving on to 
the CAD-phase.  
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Figure 15 Technical drawings of locking mechanism 

 
Weapon Bracket 
When the concepts of the frame were 
developed they were depending on the interior 
components. The interior components 
consisted of the modules and the locking 
mechanism. This was because the frame was 
designed and optimized according to the size 
and placement of the modules and the locking 
mechanism. For that reason it was considered 
unnecessary to make more detailed drawings 
of the frame. Instead, the frame was generated 
using simple sketches that captured the basic 
shape. 
 
The crucial part of this project was to design a 
suitable locking mechanism that was easy to 
use and could secure the rifle inside the 
modules. The ambition was to have an easy 
solution that would fit inside the frame and at 
the same time be able to lock a range of 
different rifles. Technical drawings were used 
to explore the concept sketch in more detail. It 
became clear which concepts could work in 
real life and which who didn’t. The concepts 
of the locking mechanism that were realistic 
solutions during the technical drawing phase 
was modeled for further evaluation in Catia. 
 

3.6.2 CAD modeling 
During this project a lot of ideas and concepts 
were modeled using Catia. Catia provided the 
ability to evaluate the concepts in an accurate 
environment and to use the modeled concepts 
to create physical representations using a 3D-
printer later on. The intention of modeling 

the concepts was to explore the different 
solutions and to evaluate which were most 
realistic. The most realistic solution would 
then be manufactured to be tested and 
evaluated in real life using mock-ups. But 
before that was possible the concepts had to be 
modeled and evaluated in Catia. Catia 
provided the ability to model the concepts 
from the technical drawings. The technical 
drawings worked as guidance during the 
modeling phase. The two methods of technical 
drawings and computer-aided design modeling 
was performed using a trial and error approach 
to create optimal solutions in a time efficient 
way. The new designs could be tested in 3D 
with exact dimensions, holes, bolts, hinges and 
components from the third party suppliers. 
This was an important part in the product 
development process to be able to evaluate the 
accurate versions of the concepts to find out 
which could be possible to manufacture and 
operate. 
 
Weapon bracket 
The Frame 
The frame of the weapon bracket consisted of 
a simple geometry that was modeled using the 
sheet metal module in Catia. Sheet metal is a 
module that enables surfaces to be displaced 
like a metal plate in real life, with abilities of 
bending, cutting, drilling, etc.  Exact holes and 
dimensions could be created by using the sheet 
metal module. This enabled the 3D-geometry 
to match the production equipment. For the 
frame to be manufactured it had to be divided 
into two separate parts which could later be 
welded together, illustrated in figure 16. 
 

 
Figure 16 The frame divided into two separate parts 
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The modules 
The base to start building the modules from 
was acquired by using an accurate 3D-model of 
the AR-15 M4 rifle. The inside surfaces of the 
modules was generated by extracting the 
positive surfaces of the M4 around the 
magazine carrier. The surfaces around the 
magazine carrier that were used are displayed 
in figure 17, 18.  
 

 
Figure 17 Front view modeling process 

 

 
Figure 18 Rear view modeling process 

 
The extracted surfaces could then be used to 
model a mold-shaped body. When the 
geometry of the modules was finished there 
was one critical moment left before the 
concept of the modules was finished. The part 
of the module modeling process that 
demanded high precision and thorough 
planning was the location of the holes 
displayed in figure 19.

It seemed like a simple task to explore the 
placement of the holes. But the hard part was 
to find a general location of the holes that 
could be used when the modules were to be 
placed upside down. 
 

 
Figure 19 Holes on modules to be matched against the 
frame 

 
Another thing to remember was that the 
location of the modules needed to correspond 
to the placement of the locking mechanism. 
The process of finding the exact position for 
the four (4) holes was performed using a trial 
& error approach. 
 
Locking mechanism 
The modeling of the locking mechanism was 
the part of the CAD-phase where most of the 
time was invested. To test and evaluate the 
concepts of the locking mechanism accurately 
all of the concepts were modeled, tested and 
evaluated according to certain criteria, 
described in section 6.1.3. All of the concepts 
were modeled since it was hard to determine if 
a concept was realistic on paper due to the lack 
of accuracy in the drawings. 
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Operators’ table 
The new concepts of the operators’ table were 
explored in more detail in Catia. Catia 
enabled the operators’ table to be remodeled 
and combined together with the new concepts 
of the hinges, rails and boards. The modeling 
phase of the operators’ table focused a lot on 
the new rail system together with making the 
hinges and locking mechanism work together 
with third party components. The parts of the 
operators’ table that were essential to build a 
mock-up were manufactured from blue-prints 
of the components in Catia.  
 
Catia was also used to perform static analyses 
on the concepts of the operators’ table to verify 
that the construction could withstand certain 
loads. The static analyses were performed in 
the static analysis module inside Catia and 
enabled loads and accelerations to be applied 
to parts and assemblies of the table 
construction. 
 

3.6.3 Mock-ups 
Stoll, H. W. (1999) p.45 describes mock-ups 
as: 
 
“Simple mockups and models quickly resolve design 

uncertainties and provide insight into the 
implications of design decisions that would be very 

difficult to obtain in any other way” 
 
Mock-ups have been developed during this 
project consisting of manufactured steel parts, 
3D-printed geometries and third party 
components to evaluate the design and 
functionality of the concepts. After the 
concepts had been modeled in Catia, the 
ability to manufacture the components was 
possible. Certain parts and components were 
manufactured to evaluate the design and 
functionality by testing the components in real 
life. The main parts of the mock-ups were 
manufactured in steel by the production line 
at BAE Systems. By the use of the 3D-printer 
smaller parts and components could be 
manufactured and assembled into a finished 
mock-up for tests and evaluations.  

Operators’ table 
Since the current table was assembled inside a 
mock-up of the CV90 the ability to 
manufacture new parts and reassemble the old 
table was possible. By the use of Catia, parts of 
the new concepts could be manufactured and 
assembled to create a mock-up of the new 
table. Since the table was assembled inside the 
compartment of the CV90 mock-up, chairs 
and surrounding equipment was available 
which enabled the table to be tested in a real 
environment. Tests were conducted to 
evaluate the new concept of the rails to see 
how the new height would affect the operator 
and how the boards would perform with the 
new rail concept.   
 
Weapon bracket 
Choi, S. H., & Chan, A. M. M. (2004) explains 
rapid prototyping (RP) as a relative fast way of 
producing prototypes to evaluate a component 
visually, ergonomically or for form-fit 
evaluation to achieve a quicker process of 
product development.  
 
When the modeling of the concepts was 
finished the components that were planned to 
be manufactured in the 3D-printer were saved 
as a .stl format and send to the 3D-printer. A 
3D-printer as the name discloses is a type of 
printer that uses the data of 3D-models from 
computer modeling software like Catia, Alias 
or similar programs to create a physical 
representation of the geometry. The 3D-
printer provided a fast manufacturing cycle 
which allowed the parts to be tested in real life, 
make change to the model and repeat the 
cycle. The 3D-printer was mostly used to 
manufacture the parts for the locking 
mechanism and the modules. The concepts of 
the locking mechanism were evaluated by the 
use of a utility function method, described in 
section 6.1.3 to see which concepts were the 
strongest candidates to be manufactured and 
tested in real life. From all the concepts of the 
locking mechanism there were two concepts 
that went on to be tested in real life. 
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3.7 Prototype manufacturing 

This section covers the development of the 
manufacturing plan for the prototype of the 
weapon bracket. 
 
The aim with this thesis project was to develop 
a working prototype in an alternative material 
to steel. After researching the possibilities of 
alternative materials, the most suitable 
material that came up was a carbon fiber 
laminate solution. Carbon fiber is a high-
strength, lightweight material that is known 
for its high specific strength ratio, i.e. strength 
to weight ratio. To manufacture the weapon 
bracket in a carbon fiber material a special 
process was required, together with the right 
equipment. For that reason, to manufacture 
such prototype, a third party manufacturer 
who specializes in carbon fiber had to be 
contacted.  A wide range of companies was 
contacted to get a better insight in material 
properties, manufacturing processes and to 
investigate who could manufacture such a 
prototype. The result of the manufacturing 
process is described in section 6.4. 
 
3.8 Evaluation 
This section covers the methods and 
applications used to evaluate and verify the 
concepts during the project.  
 

3.8.1 Operators’ table 
Human builder 
When the new design of the operators’ table 
was finished an evaluation had to be 
conducted to compare the two tables before 
moving on to the mock-up phase. To evaluate 
the new design of the table a module in Catia 
called human builder was used. Human 
builder is a module that allows the use of 
human manikins with anthropometric 
measurements of real humans, manikins 
displayed in figure 20.  
 

 
Figure 20 Manikins of the 95 percentile 

 
BAE Systems demand that their product 
should manage people of the 55-95 
percentiles. The 95 percentile was used to 
evaluate the accessibility of the new design. 
The manikins were positioned in a sitting 
posture in the crew compartment of the 
CV90. One manikin was placed on each side 
of the operators’ table to evaluate both sides 
due to the offset of the table. Both of the table 
boards were extracted to their outer position 
to evaluate the free space of the manikin’s legs.  
 
Static analysis 
To verify that the new construction could 
handle the loads that it was designed for, static 
analyses was conducted on the table 
construction and on certain components that 
the table consisted of. The analyses were 
calculated with an applied load of 20kg 
together with a safety factor of 1.5. Since the 
table should manage the shock waves from a 
mine explosion the static calculations were 
performed using an acceleration of five (5) 
times the earth gravity, in this rapport called 
just g, as in 5g. When the calculations were 
conducted with the above input data the table 
was exposed of a force equal to 1475,5 N in all 
six directions of an orthogonal coordinate 
system. The static analysis module in Catia 
displayed in what areas the yield strength 
exceed the upper limit of 680MPa (Mega 
Pascal).  
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3.8.2 Weapon bracket 

User test 
To evaluate the weapon bracket a user test was 
conducted on the mock-up. The test was 
carried out at BAE Systems in Örnsköldsvik 
on the 4th of February. The participants were 
randomly chosen from a pool of males and 
females in ages of 20-30. The user test focused 
on the mounting procedure of the rifle and 
how well the participants interacted with the 
locking mechanism. The participants were 
asked to perform two tasks.  
 
The first task, the participants were asked to 
mount and lock the rifle inside the weapon 
bracket and at the same time verbally 
explaining the actions.  
 
The second task, the participants were asked 
to unlock the rifle and to dismount it from the 
bracket at the same time as they verbally 
explained their actions.  
 
During the tasks the participants were clocked 
to evaluate the bracket according to certain 
usability goals that were set in the beginning of 
the project, described in section 6.1.5. The 
user test finalizes by having the participant’s 
answer five (5) questions of how they 
experienced the mounting, dismounting, 
locking and unlocking of the weapon bracket. 
The questions were followed by a likert-scale 
where the participants could rate how they felt 
the questions matched their experience from 
the test. 
 

Usability goals 
Five usability goals were set in the beginning of 
the project to guide the development process 
towards a user-friendly design. The five 
usability goals are defined by Quesenbery, W. 
(2001, October) as the five E: s (5 E: s) Effective, 
Efficient, Engaging, Error tolerant and Easy to 
learn described in section 6.1.5. After the user 
test, the bracket was evaluated according to 
each category to see how well the design of the 
bracket matched the goals set in the beginning.  

Utility function method 
Since there were a lot of different concepts 
from the development of the operators’ table 
and the weapon bracket, the concepts had to 
be evaluated. According to Stoll, H. W. (1999) 
a method called Utility Function Method 
(UFM) can be used to weigh the concepts 
according to certain criteria. The UFM is a 
chart based method where the desired criteria 
are listed and ranked according to its 
importance towards the product being 
evaluated. Each criterion receives a factor 
corresponding to the ranking, for instance a 
ranking of five (5) provides a factor of 0.25, a 
ranking of four (4) provides a factor of 0.20, 
etc. The method is performed by choosing one 
concept as a reference that the other concepts 
are compared against. The concept are 
provided with a rating between one (1) and five 
(5) depending on how they relate to the 
reference concept. If the other concepts are 
considered equal to the reference concept for 
a certain criteria they are given the rating of 
three (3). If the concepts are considered better 
or worse than the reference concept they are 
given a rating above or below three (3) 
depending on how far they exceed the 
reference concept. The rating of each criterion 
is then multiplied by the corresponding factor, 
which is performed for all criteria. The results 
are then added together providing the concept 
with a scoring above or beneath the reference 
concept of 3p. The UFM was a simple and 
effective way of evaluating different concepts 
according to certain criteria. 
 
3.9 Reliability and validity 
The information necessary to carry out this 
project has come from inside BAE Systems. 
The knowledge and experience of the people 
working there has facilitated the project and 
made it possible. Since this was an entry-
project for the implementation of a new 
material, the information regarding carbon 
fiber and the manufacturing process behind it 
had to be gathered from research and experts 
in the area. Carbon fiber is not a new material 
per se so there has been plenty of previous 
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knowledge. The data concerning carbon fiber 
that was gathered from research during this 
project was verified during conversations with 
different developers and manufacturers of 
carbon fiber components. The manufacturers 
that have been contacted during the prototype 
phase have provided valuable information of 
material properties, which fibers to use, how 
to manufacture the prototype and how a series 
production would be performed. The 
collected data from research during this 
project has been verified using multiple 
sources of information. 

The other data has been gathered from trust 
wordy sources from Google scholar. 
 
During the users test the participants were 
asked to verbally explain their actions as they 
performed the tasks. This was conducted so 
one could follow their process as they 
operated. The participants were also asked to 
fill out a questionnaire to collect the subjective 
data from the test together with the comments 
of their experience. 
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4 Pre study 
This chapter summarizes the result from the pre study that was conducted in the 
beginning of this project. First, the results of the context in which the observations and 
document review were conducted is presented followed by the result of the weapon 
research.
 
4.1 Context 

Observations & document review 
This is the result of the observations and 
document review that was performed in 
the beginning of the project. The 
observations and document review were 
performed at BAE Systems in 
Örnsköldsvik, Sweden.  
 
The first objective was to locate and 
redesign components in the CV90. 
Observations and document reviews 
regarding the different subsystems of the 
vehicle generated a lot of products and 
components. The products and 
components were chosen according to 
what was considered possible to redesign, 
without affecting the protection and safety 
of the vehicle. The gathered products and 
components were structured using an 
excel sheet. The excel sheet enabled the 
components to be ranked according to 
desired categories. The main goal with the 
excel sheet was to evaluate what 
components contained the most weight 
with respect to quantity and total mass. 
The excel sheet was a valuable resource 
since there were a lot of components that 
had a low mass, but contain a lot of weight 
due the quantity used in each vehicle. 
 
The category that was the main target in 
this research was of course the total mass. 
The calculation of the total mass was 
simply the number of components in  
 

the vehicle times the mass of one 
component. Since this project also aimed 
towards improving the products from a 
use- and accessibility aspect the 
components that were selected were all in 
direct contact with the crew of the vehicle. 
Four (4) candidates were selected from the 
excel sheet according to complexity and 
optimization possibility. A shelf weighing 
45kg, the operators’ table L2/L3 37kg, the 
operator’s station R1 19kg and the head 
rest 2,3kg. 
 
The operators’ table L2/L3 was chosen 
mainly because of the interaction with the 
operators’ and the lack of accessibility for 
the operators’ legs. The table was a heavy 
construction with clear weight saving 
potential. 
 
4.2 Literature review 

Weapon research 
The objective of designing a new product 
to explore new materials aimed towards a 
small and comprehensible product to 
manage the project.  For that reason the 
project decided to focus on a weapon 
bracket to explore the implementation of 
the new material.  
 
When the project was initialized we 
(author Martin Ferm and supervisor 
Robert Jönsson) discussed what type of 
weapon bracket this project would focus 
on. The previous brackets were designed 
according to a specific weapon that the 
customers used. This project aimed 
towards a new approach with respect to 
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material and manufacturing process. It 
was determined that the costs of the new 
bracket would most likely exceed its 
predecessors. Therefore, we (author 
Martin Ferm and supervisor Robert 
Jönsson) discussed the possibility of 
developing a bracket that could be used as 
a universal bracket. The new bracket 
should be able to mount a wide range of 
rifles. A universal bracket could motivate 
a higher manufacturing cost and a larger 
series production if it could be used with 
multiple rifles, instead of develop a new 
bracket for each customer. 
 
As a result of the discussion regarding the 
new bracket, a list of requirements was 
made featuring the abilities that the new 
bracket should possess. The abilities listed 
could motivate a higher manufacturing 
cost and enable the bracket to be operated 
in the compartment of the CV90. 
 
The following requirements were listed: 

 
The new bracket will hold as many rifles as 
possible to motivate higher material and 
manufacturing coasts. 
 
The bracket must fit on the inside wall of 
the crew compartment in the CV90 
(between the chairs, see figure 1) allowing 
the bracket a maximum width of 50mm. 
 
The bracket should be able to carry a fully 
equipped rifle including sights, sight 
enhancer, grenade launcher and a 30 
rounds magazine. (Total of approximately 
8kg). 
 

To increase the functionality of the bracket 
and to meet the requirements of the 
customers, the bracket should be able to 
hold the rifle with the pipe facing both up 
and down. 
 
The bracket must be designed to resist the 
shock wave (5g static) from a mine explosion 
without breaking or failing the hold of the 
rifle. 
 
The bracket should facilitate the mounting 
and dismounting of the rifle to enable the 
soldiers to quickly entering and exiting the 
vehicle with their rifles. 
 
The locking mechanism should facilitate the 
mounting and dismounting of the rifle. 
 
No components should be added or 
removed from the bracket regardless of how 
the bracket is assembled to hold the rifle. 
 
After the criteria were listed and the 
objective was determined, the first goal 
was to perform research on the previous 
customers of BAE Systems to study what 
rifles they use and what type of rifles other 
countries used. This research was 
conducted to determine what rifles were 
most commonly used to find a common 
nominator that could be used in the 
ideation development process. The 
weapon research began with the intuition 
to investigate the base geometries of the 
rifles to find a common nominator and to 
explore the specific configuration that 
they come with, i.e. sights, grenade 
launcher, etc. As the research progressed 
more and more data of accessories for 
different rifles was encountered. The 
following section captures the research of 
the weapons and their accessories.  
  



 

 33 

The AR-15 
The first assault rifle that was explored was 
the Colt Canada C7A1 used by the Royal 
Danish army. The C7A1 is a Canadian 
assault rifle weighing around 4kg. After 
studying more about the C7A1 and its 
competitors, it was discovered that they 
were all based on a rifle called the 
Armalite-15 (AR-15) which is an 
intermediate cartridge firearm, displayed 
in figure 21. The research led to that the 
AR-15 was the base of many of today’s 
assault rifles like the Colt Canada C7/C8, 
Heckler & Koch 416, M16, M4, etc. This 
was a pleasing discovery since many of the 
assault rifles used by the customers of BAE 
Systems were based on the same 
geometrical weapon. The geometry of the 
AR-15 was, therefore, used as a base for 
the development of a bracket that could 
enable the mounting of several of today's 
assault rifles. 

 
 

 
Figure 21 AR-15 

 
The research progressed by looking into 
four (4) different rifles which three (3) 

were being used by pre- or post-customers 
of BAE Systems. This was conducted to 
bring relevant data to the project from the 
start and to analyze the specific equipment 
that the customers were using on their 
rifles. Here, follows a short description of 
each customer’s weapon with their 
standard attachments. 
 
Heckler & Koch 416 
The Heckler & Koch 416 is the main 
assault rifle of the Norwegian army. The 
H&K416 can be equipped with a range of 
sights, stocks, pistol grips, and grenade 
launchers. The Norwegian army uses a 
grenade launcher called AG-C/GML. The 
AG-C grenade launcher uses a pistol grip 
with a trigger similar to a regular pistol. 
Since there are a lot of various accessories 
that can be attached to the HK416 a 
decision was made to design the bracket 
according to the base configuration of the 
HK 416. A standard HK416 with stock, 
sight, a 30 rounds magazine and equipped 
with the AG-C/GLM grenade launcher 
weighs around 8kg fully equipped. 
 
Colt Canada C7/C8 
The Colt Canada C7A1 is the main 
assault rifle of the Royal Danish Army and 
is very similar to the M16 assault rifle used 
by the US Army. The C7A1 uses an 
M203A1 grenade launcher which 
compared to the AG-C grenade launcher 
doesn’t have the underlying pistol grip 
and is equipped with another kind of 
barrel. The Colt Canada C7/C8 assault 
rifle is also worn by the Royal Netherlands 
Army, but with a few modifications. The 
Royal Netherlands army uses a version of 
the AG grenade launcher that the Danish 
army uses. That version is called AG-NL 
and consists of some modifications. 



 

 34 

5 Results operators’ table 
This chapter presents the result from the ideation and concept development phase of the 
operators’ table. First, the ideation and concept development is presented followed by the 
mock-up development and the final concept of the operators’ table. 
 

5.1 Ideation & concept 
development 

This section presents the result from the 
ideation and concept development phase 
of the operators’ table. First, the 
components of the operators’ table are 
presented followed by an evaluation of the 
new design. 

5.1.1 Base plate 
The base plates of the table, displayed in 
figure 22 contained a lot of weight since 
they were made out of 5mm steel. A 
lighter construction was evaluated by 
exploring the ratio between the height and 
thickness of the plates without altering the 
geometric shape. The ratio between the 
height and thickness was evaluated using 
the static analysis module in Catia to find 
an appropriate ratio. 

 
 
Since the geometric shape of the plates 
didn’t interfere with the operator’s legs 
and the static analysis showed that altering 
the geometry instead of the thickness had 
a negative effect, the plates were only 
modified according to the height and 
thickness. 

 
Figure 22 Base plate of the operators’ table 
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5.1.2 Locking mechanism 
Various concepts of the locking 
mechanism were investigated to find a way 
of locking the table in a horizontal 
direction. The main goal of placing the 
locking mechanism in a horizontal 
alignment was to prevent the table from 
unlocking during a mine explosion. 
Different solutions were investigated to 
find a suitable solution to the problem. 

 
But to find more solutions that could 
work in a simple and effective way vertical 
solutions were also investigated. Here, 
follows a short description of the three 
main concept of the locking mechanism 
together with an evaluation of the 
concepts. The concepts are described in 
more detail in appendix 3. 
 
 

 
 



 

 36 

Concept evaluation
 

 
Figure 23 Result of the UFM of the locking mechanism

 
To evaluate the concepts of the locking 
mechanism a utility function method was 
used. The utility function method focused 
on five criteria that were considered 
important for the locking mechanism. 
Safety, Easy to operate, Simplicity, Assembling, 
Accessibility. The first concept was used as 
a reference concept that the others could 
be compared against. The result from the 
utility function method is displayed in 
figure 23. 
 

The third concept was the best scoring 
concept in the UFM evaluation due to its 
high-level of accessibility compared to the 
other ones. The disadvantage with the first 
two concepts was the location of the index 
bolt. The vertical alignment of the index 
bolt was not an optimal solution, but with 
the increased force on the spring and the 
fact that it was easy to access made the 
third concept the best one. 
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5.1.3 Hinges & Table board 
The old hinges of the operators’ table were 
designed to be fitted on the top of the rail 
plates. The new concept required a plate 
connecting the two rails. The new concept 
with the plate connecting the two rail 
plates didn’t allow the old hinges to be 
fitted. To use the new concept of the rails 

a new solution of the hinges had to be 
developed. Here, follows a short 
description of the concepts together with 
their pros and cons finalized by an 
evaluation of the concepts at the end. The 
concepts are presented in more detail in 
appendix 4.
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Concept evaluation 
 

 

 
Figure 24 Result of the UFM of the hinges

 
The concepts of the hinges were evaluated 
against each other using a utility function 
method according to following criteria. 
Easy to operate, Simplicity, Assembling, 
Visibility, Rigidness. The two criteria that 
were considered most important were how 
easy the table boards would be to operate 
and the rigidness of the construction. The 
visibility criteria referred to how the hinge 
solution would affect the operator’s ability 
to visually communicate with the other 

operators’ in the crew compartment. The 
result of the utility function method is 
displayed in figure 24. As shown in figure 
24 the first concept with the table boards 
working together was the best scoring 
concept. The main reason for that was 
that the other concepts lost points when it 
came to rigidness and the fact that since 
the boards were unable to be retracted 
separately the boards blocked a lot of the 
visibility for the operators’. 
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5.1.4 Human builder 
Human builder provided the ability to 
evaluate the new design of the operators’ 
table with respect to the user’s situation. 
The new height of the table boards could 
be evaluated by inserting a manikin of the 
95 percentile into the crew compartment. 
 

 
Figure 25 Human builder old and new operators’ 
table 

 
 As shown in figure 25 the new design 
improved the situation for  
the manikin’s legs which resulted in an 
improved sitting posture for the operator. 
The evaluation of the table indicated that 
the new concept with the rails improved 
the situation clearly. The result from 
human builder initiated the 
manufacturing of a mock-up of the new 
concept to test and evaluate it further in 
real life. 

5.1.5 Static analysis 
Here follows a summary of the result from 
the static analysis that was conducted on 
the new design of the operators’ table. The 
result of the static analysis is presented in 
more detail in appendix 5. 
 

 
Figure 26 Static analysis of the new operators’ 
table 

To verify the new design of the operators’ 
table a static analysis was made, displayed 
in figure 26. The static analysis showed 
that the new design of the operators’ table 
was able to manage a weight of 10kg on 
each table board with an acceleration of 5g 
and a safety factor of 1,5. The stress was 
focused on the base plates, but did not 
exceed the limitation of what is acceptable 
with respect to plastic deformation. The 
stress exceeded the limitation on the areas 
around the holes which were expected and 
considered acceptable. 
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5.2 Mock-up 
This section presents the result from the 
mock-up development of the operators’ 
table.  
 
To evaluate the new concept of the 
operators’ table a mock-up was 
manufactured, figure 27. The height of 
the side plates was modified since one (1) 
rail on each side of the table was 
eliminated. The height of the side plates 
was reduced by 70mm. The removal of 
one rail on each side enabled more space 
for the operator’s legs. Each rail of the 
operators’ table contained a weight of 
approximately 6Kg so by eliminating one 
side on each side the construction lost a 
lot of weight. The mock-up was assembled 
and tested in the crew compartment of the 
CV90. 
 
Revision 1 

 
Figure 27 Mock-up separate rails1 

 
The first mock-up of the table that was 
manufactured had the rails separated from 
each other (as the original construction 
had) to evaluate if one rail was enough to 
get a rigid result. One table board was 
assembled on the right side of the table to 
evaluate the concept. The concept of using 
one rail worked with respect to 

                                                   
1 The figures displayed in this section are representations of the 
real mockups due to the photo restrictions at BAE Systems 

functionality of the table and the space for 
the legs improved tremendously. But the 
rigidness of the table board was not 
satisfying. The table board became too 
weak around the axis of the rail. Instead, a 
more rigid solution had to be developed. 
 
Revision 2 

 
Figure 28 Mock-up combined rails 

 
The concept of using one (1) rail on each 
side was a tremendous improvement for 
the operator’s legs and had to be 
preserved. So, by combining the two (2) 
rails horizontally with a simple plate the 
concept of having only two rails could still 
be used, displayed in figure 28. The plate 
made it easy to evaluate if the two rails 
could work together to improve the 
rigidness of the table. The side plates were 
assembled together with one table board. 
The plate successfully increased the 
rigidness of the table and was almost 
equivalent to the old construction with 
two (2) vertical rails.  A great advantage 
was that the mock-up now had reduced 
the number of rails in half and increased 
the height of table significantly. A 
disadvantage with the new construction 
was that the ability to retract the boards 
separately was compromised.  
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5.3 Final concept 
This section presents the final concept of the operators’ table. First, a compilation of the 
weight reduction is presented followed by the new hinge solution and the improved situation 
for the operators. 
 
  

 
Figure 29 Final concept of operators’ table 

 
The final concept of the operators’ table 
(figure 29) consists of four (4) 
improvements from the old design. First, 
the base plates of the table have been 
reduced from a thickness of 5mm to 3mm 
and the height of the rail section have 
been reduced from 120mm to 100mm. 
The modification contributed to a 
reduction of weight from 3.9Kg to 2.1Kg 
approximately 46%. The old construction 
of the operators’ table consisted of four (4) 
rails, two (2) on each side. The final 
concept uses only one rail in each side to 
decrease the weight of the table and to 

increase the accessibility for the 
operators’. One rail contained a weight of 
approximately 6.1 Kg therefore the 
elimination of the two rails reduced the 
weight of the table by 12.2 Kg. The 
elimination of two (2) rails required the 
side plates to be redesigned as well to 
match the new configuration. The height 
of the side plates were reduced from 
124mm to 50mm which led to a decrease 
of the weight of the side plates from 3.5Kg 
to 0.9Kg, a weight reduction by 74%. A 
summary of the result is presented in 
figure 30 and 31.  
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Figure 30 Old and new components of the operators’ table 

 
 

 
Figure 31 Weight reduction of operators’ table 
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The new design of the rails required the 
two (2) sides to be combined to get the 
same rigidness of the table as before. The 
two side plates were combined by using a 
plate connecting the two plates. The 
combination of the side plates called for a 
new design of the table boards and the 
hinges.  
 

 
Figure 32 Boards combined upright position 

 
The new design of the boards consisted of 
using two separate boards to work as a 
single unit, figure 32. This provided the 
ability to flip the boards in both directions 
of the table so that one operator could use 
the table without interfering with the 
other, figure 33. 

 
Figure 33 Boards flipped together 

If both operators’ were to use the table, 
the boards provided the ability to be 
separated and flip in both directions, 
displayed in figure 34. The final concept 
was designed to compensate for losing the 
ability to separately retract the boards. The 
notion with the final concept was that the 
boards could easily be positioned on top 
of each other. Since the ability to retract 
the boards separately were lost this was 
considered an effective solution to the 
problem. 

 
Figure 34 Boards flipped separately 

 
The concept provided two additional 
benefits compared to the other concepts. 
The first one was that the central 
alignment of the hinges provided the 
boards with good support from the rails in 
their folded position. The second was that 
when the other concepts were unfolded 
they compromised the visibility between 
two of the operators’. This could be 
avoided with the ability to position the 
boards on top of each other. These 
benefits contributed to why the first 
concept was the highest scorer in the 
utility function method. 
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Figure 35 Height of old versus new table 
  

The final concept improved the height of 
the rails and contributed to a better sitting 
posture for the operators’. According to 
Pheasant, S., & Haslegrave, C. M. (2005) 
it’s important to have a sufficient space for 
the legs to adopt a comfortable sitting 
posture. The vertical height for the 95 
percentile (which was been used for the 
evaluation of the table) is at least 700mm 
according to Pheasant, S., & Haslegrave, 
C. M. (2005). Since the sitting position 
inside the crew compartment 
differentiates from a traditional 
workstation the recommended vertical 
height of a table is hard to adopt in this 
case. But the 700mm works as a reference  

 
of how the situation improved from the 
old, to the new design of the table. The 
height increased from approximately 
500mm to 570mm, displayed in figure 35. 
The vertical height of the rails was not 
sufficient for the 95 percentile, but there 
was a clear improvement compared to 
before. 
 
The new design of the operators’ table has 
a lighter and more accessible construction 
(displayed in figure 36) with some 
limitation of the separate retraction of the 
table boards. As a result of the new design 
the weight of the operators’ table was 
reduced by 19.4 Kg displayed in figure 31. 
 

 
Figure 36 Old and new table 
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6 Results weapon bracket 
This chapter presents the result of the weapon bracket. First, the ideation and concept 
development of the weapon bracket is presented followed by the development of the mock-
up. The chapter finalizes by a presentation of the final concept and the manufacturing of the 
prototype.  
 
6.1 Ideation & concept 

development 

The concept development process of the 
weapon bracket was conducted in 
multiple steps. Since weapon bracket 
consisted of four (4) different 
components, (frame, modules, locking 
mechanism and eccentric) the 
components have been developed 
simultaneously in order to make sure that 
the components work together and fit 
inside the frame. This section describes 
the ideation and concept development of 
the weapon bracket and its sub-
components. 

6.1.1 Frame 
The frame of the weapon bracket is the 
main body that holds all the other 
components. The development of the 
frame was conducted simultaneously as 
the other components. The design process 
started with simple 2D orthogonal 
drawings to visualize how the bracket 
could relate to the other components of 
the bracket since they all should fit around 
the rifle. The design process circled 
around the criteria that were set in the 
beginning of the project. There were two 
certain criteria listed in section 4.2 that 
the development process specially focused 
on. 

Those criteria were: 
 
The bracket should be able to hold the 
rifle with the pipe facing both up and 
down. 
 
No components should be added or 
removed from the bracket regardless of how 
the bracket is assembled to hold the rifle. 
 
Those criteria challenged the design 
especially since all the components 
needed to have two locations in the frame, 
depending on which way the barrel was 
facing. The first concepts of the frame 
started with simple 2D-drawings to 
explore how to position the rifle with the 
barrel facing both up and down. For the 
bracket to be positioned in two directions 
a symmetric design was thought of to 
enable a rotation of the bracket. A 
symmetric approach was explored to find 
a symmetry line that could enable the 
bracket to be rotated into two positions, 
illustrated in figure 37.  
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Figure 37 Early 2D drawing of the bracket 
showing the symmetry line 
  

Together with the second criterion 
regarding the frame, the two criteria made 
the development of the frame quite tricky 
since the frame had to be positioned in 
two directions without adding or 
removing any components. Since the 
bracket aimed towards a symmetric design 
that should provide all components with 
two positions a lot of the ideas focused on 
the pattern of the holes. When the other 
components started to come together the 
frame was able to explore the positions of 
each component. As a result, the 
geometric shape could begin to be 
explored in more detail. Since the bracket 
aimed towards a design that contained as 
low weight as possible the frame was the 
main component to achieving that goal. 
The design of the frame had to be as light 
as possible without affecting its 
functionality. Therefore, the design of the 
frame was drawn with respect to the 
interior components to optimize the use 

of material. All unnecessary material had 
to be eliminated to ensure an optimized 
geometric design of the frame.  
 

6.1.2 Modules 
The modules are the two pieces inside the 
frame that holds the rifle in place. The 
idea of the modules was first presented as 
a notion from the brainstorming session. 
How to mount the rifle in the best 
possible way and to solve the problem of 
how the rifle could be mounted with the 
barrel facing two directions. The modules 
were the result of an exploration of what 
surfaces could be used on the rifle. The 
design of the modules was progressed 
using 2D-sketches on top of a rendering of 
the rifle. This was a quick approach of 
exploring different concepts. The modules 
were later on modeled in Catia like a mold 
from the surfaces of the magazine carrier. 
The approach of modeling the modules 
from the surfaces of the magazine carrier 
provided the modules with a good fit 
against the rifle. The modules were 
designed with a surface that works as a 
stop when the rifle is in the right position; 
the surface then guides the rifle down into 
the modules where it’s positioned. The 
modules were designed so that the rifle is 
lowered into the modules and locked in a 
track. The rifle then needs to be vertically 
elevated to be dismounted. The modules 
are fitted against the inside wall of the 
frame by three (3) M6 bolts that are 
countersunk into the body. For the 
modules to hold the rifle in two positions 
the modules was designed so that they can 
be positioned upside down by using the 
same bolts. 
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Revision 1 
The first versions of the modules 
(displayed in figure 38) were designed with 
a lower stop surface for the magazine 
carrier to go against. The modules were 
also connected with a bridge. The bridges 
were connected by a bolt going from side 
to side in the frame. The bolt reinforced 
the rigidness of both the frame and the 
modules. To evaluate the concept the 
modules were 3D-printed and tested 
against a rifle. The 3D-printed modules 
did fit surprisingly well against the rifle, 
but the supporting surface on the inside of 
the modules did not work with the rifle 
when the barrel was pointing down. 

 
Figure 38 First revision of the modules 

 
Revision 2 
The modules were remodeled with a 
higher stop surface for the magazine 
carrier and with an angled support surface 
on the inside, figure 39. The modules were 
reprinted and tested against the rifle. It 
was noticed that the bridge connecting the 
two modules was going to collide with a 
grenade launcher that was not assembled 
on the current rifle. 

The modifications that were made from 
the first revision were successful, but the 
modules had to be redesigned due to the 
bridge. 

 
Figure 39 Second revision of the modules 
 

6.1.3 Locking mechanism 
The locking mechanism had to be 
developed to work together with a wide 
range of rifles with different equipment. 
For that reason the locking mechanism 
became one of the most time-consuming 
parts of the development process. The 
tight space inside the frame didn't provide 
too many possibilities for the locking 
mechanism to operate on. All the 
concepts developed during the sketch 
phase had to be modeled in Catia. This 
was conducted to evaluate the concepts 
against the frame and the rifle before 
moving on and testing some in real life. 
During the process a lot of different 
concepts of how the rifle could be secured 
inside the bracket were explored. Here is 
the main concepts of the locking 
mechanism followed by an evaluation in 
the end. 
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The eccentric (Reference) 3p  
The concept called the eccentric consisted 
of a bolt together with a rubber cylinder 
positioned off center, displayed in figure 
40. 
 

 
Figure 40 Eccentric concept 

 
The bolt is extracted in a locking position 
by a compression spring. The spring is 
located on the axis of the bolt between the 
eccentric and the inside of the wall. The 
locking mechanism also consisted of a 
circular plate that contains eight (8) pins 
corresponding to matching holes on the 
side of the frame. The eccentric is rotated 
against the rifle and pushed forward so 
that the pins are ejected into the holes of 
the frame. The rifle is unlocked simply by 
retracting the knob. When the knob is 
retracted the rifle can slide out of the 
bracket next to the eccentric. The concept 
with the eccentric operated well in Catia 
even though the components became a lot 
slimmer than expected, compared to the 
sketches. The disadvantage with the 
concept of pulling the locking mechanism 
aside from the rifle was that the bolt didn’t 
lock the rifle on both sides of the frame. A 
more rigid solution would provide the 
bolt with support on both sides of the 
frame. The eccentric concept was named 
reference concept for its simple yet 
functional configuration. 

The lid 2.85p 
The concept called the lid was a bit more 
complex than the eccentric concept. The 
lid consisted of many parts and was a more 
mechanical solution than the eccentric. 
To lock the rifle the lid is pushed down 
and the pins on each side of the lid locks 
against corresponding teeth on each side. 
When unlocking the rifle the knob is 
retracted which results in a movement of 
the pins forward and away from the 
teeth’s, figure 41. 
 

  
Figure 41 The Lid concept 

 
When the knob is retracted the lid can be 
elevated upwards by pushing the knob 
backwards. The lid concept also operated 
quite well in Catia and provided a secure 
locking of rifles in different heights and 
widths. The lid concept also used a center 
positioned solution of the knob. The 
advantage of locating the knob in the 
middle of the frame was that the rifle can 
be operated from both sides of the 
bracket. As a result of the centered 
positioned knob the bracket could be 
placed on both sides of the seats without 
having to relocate the locking mechanism 
to a certain side. Compared to the 
eccentric concept the lid solution was able 
to lock the rifle on both sides of the frame 
resulting in a more rigid and safe solution. 
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The rail 2.65p 
The lid concept provided a solution of 
locking the rifle of both sides of the frame. 
As a spin-off to the solution of the lid the 
next concept explored the same concept 
using a different approach. The rail 
concept explored a locking procedure that 
followed the profile curve of the frame. 
The concept focused on a locking 
procedure where a wagon operates along a 
rail. The wagon consisted of a spring 
forced bolt which extracts into 
corresponding holes along the path, figure 
42. 
 

 
Figure 42 Rail concept 

 
To unlock the rifle the knob is retracted 
sideways and the wagon can be removed 
from the rifle and positioned at the end of 
the rail. The rail concept uses the same 
solution as the lid, but with a different 
procedure. The rail enabled a locking 
operation without affecting the free space 
alongside the rifle. This provided the 
possibility of mounting a rifle with a 
grenade launcher attached. When the rifle 
is secured in a locked position the bolt 
receives support from both sides of the 
frame. The rail concept also provided a 
knob centered solution.  
 

The wheel 3p 
The third concept explored the solution of 
using a rail and slider further. The concept 
focused on securing the rifle at a different 
location compared to the previous 
concepts. Instead of using a linear motion 
path for the rail the wheel concept 
explored the possibility of having a 
circular path to secure the rifle around the 
pistol grip, figure 43.  
 

 
Figure 43 Side view of the wheel concept 

 
The concept is based on an arm connected 
to a bolt which slides along a path, figure 
43. The bolt is assembled with a rubber 
cylinder that can be compressed to create 
pressure against the rifle. The rubber 
cylinder enables the bolt to move further 
and into the next hole for the rifle to be 
secured. The concept uses the same 
solution as the rail concept with holes 
along a path corresponding to the bolt. To 
operate the lock the rotational knob is 
retracted and rotated into the position 
where the bolt gets contact with the rifle. 
The knob is then extracted into 
corresponding holes with aid of a 
compression spring. To unlock the rifle 
the knob is retracted and rotated away 
from the pistol grip. Like the previous 
concepts the locking mechanism is located 
inside the frame with only the knob 
located on the outside.  
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The bolt 4,25p 
The final concept of the locking 
mechanism explored a completely 
different solution. The previous concepts 
focused on the parts of the rifle that could 
be replaced or modified for instance the 
pistol grip. The possibility to secure the 
rifle on these locations required locking 
mechanism to be very flexible. The ability 
to secure the rifle at different heights 
demanded a solution with a lot of moving 
parts and generally quite complex 
solutions. The final concept explored the 
areas of the rifle that were unable to be 
altered or modified. Therefore, the final 
concept focused on the unoccupied space 
above and beneath the trigger. The 
concept used a spring forced bolt (figure 
44) that secured the rifle

 
Figure 44 Bolt concept assembled on the frame 

 
 against the surface of the trigger cavity. To 
unlock the rifle the knob is retracted 
which enables the rifle to be elevated on 
the side of the bolt. Depending on which 
direction the rifle is mounted the bolt will 
secure the rifle either above or beneath the 
trigger. 

 
 
Concept evaluation 
 

 
Figure 45 Result UFM Weapon bracket - locking mechanism 

 
The concepts were ranked using the utility 
function method according to following 
five (5) criteria. Safety, Usability, Simplicity, 
Assembling and Manufacturing. The result of 
the test provided the concepts with a score 
of how well they responded to the criteria. 
The test uses one concept as a reference 

that the other concepts were compared 
against. The result of the UFM of the 
locking mechanism is displayed in figure 
45. The Bolt concept was a clear winner 
and was together with the wheel concept 
manufactured and tested in real life 
described in section 6.2.3. 
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6.1.4 Eccentric 

 
Figure 46 The location of the eccentric 

 
The rifle needed additional support in the 
frame a side from the modules. This 
required a solution that could support a 
wide range of rifles. The concept that was 
explored consisted of a plastic cylinder 
with an off centered bolt, called an 
eccentric. The eccentric can be adjusted 
against various pistol grips. To adjust the 
eccentric the bolt is retracted and the 
eccentric is rotated until it has contact 
with the rifle, figure 46. The eccentric can 
also be positioned on either side of the 
pistol grip depending on which way the 
rifle is mounted into the bracket. The 
concept played an important part in the 
development of the frame.  Since the 
frame was designed to enable an easy 
mounting procedure of the rifle it was 
difficult to connect the two sides of the 
frame. The frame needed some support in 
the front to ensure that the two side plates 
didn’t move apart. The eccentric provided 
that support for the frame. 
 

6.1.5 User test weapon bracket 
The user test of the weapon bracket was 
conducted by five (5) participants from the 
ages of 23-30. According to Rubin, J., & 
Chisnell, D. (2008) usability testing 
involves people as testing participants that 
represent end users of the product. Since 
the weapon bracket will be used by people 

who have never interacted with the 
bracket before the participants were 
chosen according to that criterion, first 
time users. The participants were asked to 
perform two types of tasks.  
 
The first task consisted of mounting and 
locking the rifle in the bracket.  
 
The second task consisted of unlocking 
and dismounting the rifle from the 
bracket. 
 
After the test, the participants were asked 
to fill out a questionnaire regarding their 
experience from the user test. The 
questions were provided with a Likert-
scale consisting of five grades of how well 
the question matched their experience 
from the test, displayed in Appendix 1. 
The questions that the participants were 
asked to answer were: 
 

  Did you understand the task 
 

  Was the task easy to perform 
 

  Did you understand the locking 
mechanism 
 

  Was the locking mechanism easy to 
use 
 

  How safe was the locking 
mechanism perceived 

 
The result from the questionnaires 
provided quite unanimously answers. All 
of the participants understood task that 
was presented to then, that the task was 
easy to use and that they understood how 
to operate the locking mechanism.  
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This resulted in a score of five (5) on the 
Likert-scale for the first three questions 
which indicated that the participants 
experience from the test match the 
questions. The last two questions were if 
the locking mechanism was easy to use 
and how safe the participants perceived 
the locking mechanism. Both of these 
questions resulted in a score of 4.5 which 
indicated that the overall perception of 
the locking mechanism was good. The 
result of the questionnaire is displayed in 
figure 47. 
   
The participants commented that they 
thought that the weapon bracket felt very 
good. Some of the positive comments 
were, “this feels really good” “it feels really 
easy to use and also in a stressful situation” 
“rigid” “nice work”.  Other comments 
were ”it would have been better if the rifle 
could auto lock in the bracket and just 
unlock it when dismounting the rifle” “it’s 
hard to know if the rifle is locked, it would 
be nice to have some sort of indication 
when the rifle is secured”.  
 
In the beginning of the project a list of 
usability goals was made to guide the 
design process. According to Quesenbery, 
W. (2001, October) the five characteristics 
mentioned in section 2.4 can be used to 
set usability goals to be tested during a 
usability test. The ideation with the goals 
was to aid the design process and to 
evaluate the final design of the bracket 
against the goals after a user test.  

The goals listed were: 
 

 Effective The operator will 
successfully mount and dismount 
the rifle from the bracket in 10 
seconds or less. 
 

 Efficient 0% of the participants will 
fail in such a way that the rifle is 
unable to be mounted or 
dismounted from the bracket. 
 

 Engaging  At least 75% of the 
participants will express a feeling 
of satisfaction after using the 
bracket for the first time. 

 
 Error tolerant The bracket will be 

designed in such way that it 
facilitates the locking of the rifle. 
The locking mechanism will 
consist of a simple get ridged 
construct that will trigger the 
perceptual motor level of the 
participants to facilitate the use in 
stressful situations. 

 
 Easy to learn The participants will 

be able to successfully understand 
and perform an operation on the 
bracket without the influence of 
instructions of guidance, this to 
evaluate that the bracket can be 
used without prior knowledge and 
to evaluate the design choices of 
semantics and affordance.  
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The result of the user test compared to the 
listed goals was pleasing. The bracket met 
the list of goals of Effective, efficient and 
error tolerance. To evaluate the 
effectiveness of the bracket the users was 
clocked at the moment the test started and 
timed again when they were finished with 
the tasks. As for the error tolerance the 
participants managed to succeed with the 
tasks in the set amount of time and 
verbally stated that “it feels really easy to 
use and also in a stressful situation”. 

This was also a recognition of the last goal, 
easy to learn was succeeded since the 
participant only was asked to mount and 
dismount the rifle and to make sure that 
the rifle was secured, which all participant 
succeeded with. The result from the 
questionnaire showed that the participant 
answered with 5p/5p that the task was 
easy to perform and with 4.5p/5p that the 
locking mechanism was easy to use which 
indicates that the participants were 
pleased with operating the bracket.  
 

 
Figure 47 Result from user test questionnaire 
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6.2 Mock-up 
This section presents the result from the 
mock-up development of the weapon 
bracket. First, the frame of the mock-up is 
presented followed by the modules and 
the locking mechanism. A conclusion of 
the mock-up is presented at the end. 
 

 
Figure 48 Manufactured parts for the mock-up 

 
When the concept of the weapon bracket 
was finished a mock-up was manufactured 
to test and evaluate the design. The mock-
up was manufactured using two different 
approaches. Here, followed the 
manufacturing process for each 
component of the mock-up displayed in 
figure 48. 

6.2.1 Frame 
The frame represents the main body of the 
bracket and consists of two separate plates, 
figure 49. Due to the geometric shape of 
the frame the manufacturing possibilities 
were limited. To develop a mock-up that 
could be tested physically, two plates were 
manufactured in 2mm steel by the 
production line at BAE Systems. The 
plates had to be manufactured separately 
and welded together afterwards. The 
plates and the holes were laser cut based 
on the CAD-model of the frame. 
 

 
Figure 49 Plates for the frame 

 

6.2.2 Modules 
The modules were manufactured using a 
3D-printer based on the CAD-model in 
Catia. The 3D-printer enabled a quick 
manufacturing process with an accurate 
physical result of the modules. The 
modules consisted of a right and a left side 
displayed in figure 50. 
 

 
Figure 50 3D-printed modules 

 
The modules were later on assembled 
inside the frame using three (3) M6 bolts. 
The bolts were countersunk into the 
modules to not interfere with the 
mounting of the rifle. The modules were 
designed to be fitted inside the frame at 
two locations depending on which 
direction the rifle is mounted.  
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6.2.3 Locking mechanism 
Two concepts were chosen from the utility 
function method to be 3D-printed for 
further evaluation. The two concepts that 
were chosen were not the top two scorers 
from the test. The highest scoring concept 
was called the “bolt” and was by far the 
best concept according to the utility 
function method. Therefore, it was 
chosen to be evaluated in the mock-up. 
Since the second best scoring concept 
called the eccentric was quite similar to 
the bolt concept. It was considered more 
explorative to evaluate two concepts that 
weren’t that alike and used different 
approaches to secure the rifle. Therefore, 
the third best concept called the wheel was 
chosen. 
 
The Bolt 
The bolt concept was the best scoring 
concept from the utility function method 
due to a simple and safe configuration. 
The bolt concept used a spring forced 
bolt, which is extracted inside the frame at 
rest. To unlock the rifle the bolt is simply 
retracted and the rifle can be removed. 
When the knob is released the bolt 
automatically ejects into a locked position, 
the bolt concept is displayed in figure 51. 
 

 
Figure 51 Mock-up of the bolt 

The wheel 
The wheel concept was manufactured 
using a 3D-printer since it contained a lot 
of different parts, figure 52. The parts of 
the locking mechanism that were not 
printed were replaced by existing 
components like bolts and nuts. 
 

 
Figure 52 3D-printed parts of the wheel concept 

 
The locking mechanism consisted of five 
3D-printed components and was together 
with bolts and nuts assembled inside the 
frame. The locking mechanism secured 
the rifle by pulling the knob outwards and 
sliding the locking bolt against the pistol 
grip of the rifle. When the bolt is in 
contact with the pistol grip the knob is 
pushed into a locked position.  
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6.2.4 Conclusion mock-up 
When all components of the mock-up 
were manufactured and assembled it was 
time to test the bracket for the first time.  
 

 
Figure 53 Finished mock-up of the bracket 

 
The mock-up (figure 53) was tested against 
a M16 rifle that was present at BAE 
Systems; the M16 is a rifles based upon the 
AR-15 firearm. During the tests the fit of 
the modules and the locking mechanisms 
were the main subject. The modules 
matched the rifle beyond all expectations 
and held the rifle in a firm grip. 

A few revisions of some details had to be 
made to optimize the fit, but the result was 
very pleasing. Both of the concepts of the 
locking mechanism were tested against the 
rifle to be evaluated. The two concepts 
provided both pros and cons when they 
were compared to each other. But there 
was no argue that the bolt concept was the 
better solution. The bolt concept provided 
a simpler solution and gave a more solid 
and trustworthy feeling. The wheel 
concept did fit inside the frame and 
matched the rifle quite good. The problem 
with the wheel concept was the large 
amount of moving parts which resulted in 
failing accuracy. It was quite hard to get 
the bolt to secure the rifle in a desired way. 
The bolt was either too far back or one 
hole way from the desired position. 
 
The bolt concept became the primary 
choice of locking mechanism and was 
used in the user test of the weapon bracket 
later on.  
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6.3 Final concept 
This section presents the final concept of the weapon bracket. The final concept consists of 
four (4) different components, frame, modules, locking mechanism and eccentric. This 
section describes the components in detail and a final compilation of the bracket is presented 
in the end. 
 

  
Figure 54 Final concept of the weapon bracket 

6.3.1 The frame 
The final concept of the frame represents 
the main body of the weapon bracket, 
figure 54. The frame was designed from a 
symmetric aspect which enables the frame 
to be used in two directions. The ability to 
use the bracket in two directions enabled 
a rifle to be mounted with the barrel 
facing either up or down. This feature 
enables the bracket to be used in a wider 
range of applications and vehicles. The 
frame holds three other components, 
modules, locking mechanism and 
eccentric which together represents the  

 
final concept of the weapon bracket, 
displayed in figure 54. The frame enables 
all of the interior components to be fitted 
at two locations depending on which 
direction the rifle will be mounted. To 
change the mounting direction of the 
bracket the interior components can be 
reassembled using another configuration. 
All interior components can be used in 
both configurations without having to add 
or remove any parts.  

 
  



 

 58 

The two mounting scenarios are 
described here. 

 
Figure 55 Assembly blueprint of the frame 

 

 
Scenario 1 If the rifle is required to be 
positioned with the barrel facing up the 
following configuration is used in figure 55.  
 
The modules are fitted in the top right 
corner using holes 1, 2 and 3. The base 
part of the modules is horizontally aligned 
giving the modules a position of the letter 
L. The locking mechanism is fitted into 
hole number 5 and the eccentric is 
assembled in hole number 6. The bracket 
and rifle will have the configuration of the 
right picture in figure 56. 
 

Scenario 2 When the rifle is required to be 
positioned with the barrel facing down the 
following configuration is used in figure 55. 
 
The modules are turned upside down and 
fitted using holes 1, 2, 4. The locking 
mechanism is moves upwards to hole 3 
and the eccentric is moved to hole number 
7. After the components are in place, the 
bracket is rotated 180 degrees.  
 
The new configuration enables the rifle to 
be mounted with the barrel facing down, 
displayed in the left picture in figure 56. 
Both configurations uses the same 
number of parts which entails that no part 
needs to be left out or added when the 
bracket is reassembled. 

 
Figure 56 Rifle mounted in both directions 
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The frame has two major holes in the 
main side which reduces the weight of the 
frame without affecting its performance. 
Since the bracket aims towards a light 
weight design an optimization of the 
frame was decisive. The rear side of the 
frame is fitted against the wall with four 
(4) M8 bolts. 
 

6.3.2 Modules 

 

 
Figure 57 Rendering of the modules 

 
The modules are the two components that 
hold the rifle in place inside the frame, 
figure 57. The modules use a track system 
which enables the rifle to easily slide down 
into a cavity that prevents the rifle from 
falling out. The rifle needs to be elevated 
from the cavity to be released. The 
modules are designed to fit various rifles 
of the AR-15 family in two directions due 
to their ability to grip the rifles on both 
sides of the magazine holder. The modules 
are assembled with the use of three M6 
bolts that are countersunk inside the 
modules to avoid interfering with the rifle. 
The placement of the modules, depending 
on the configuration of the bracket is 
displayed in section 6.3.1. 

The modules are the key part that enables 
the rifle to be mounted in two directions 
inside the frame.  

6.3.3 Eccentric 

 

 
Figure 58 Eccentric adjustments against the rifle 

 
The eccentric is the cylinder shaped 
component that provides the rifle with 
good support underneath the pistol grip 
displayed in figure 58. Since there is a 
wide range of pistol grips available today 
the eccentric was designed to match as 
many of those grips as possible.  The 
eccentric is basically an offset cylinder 
assembled on a bolt. The eccentric is 
adjusted during the assembly of the 
bracket to match a certain rifle. The 
eccentric can be easily adjusted by 
releasing the bolt and adjust the eccentric 
to the pistol grip. The eccentric can also 
be positioned on either side of the pistol 
grip depending on which configuration of 
the bracket is used, described in section 
6.3.1.   
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6.3.4 Locking mechanism 

 
Figure 59 Rendering of locking mechanism 

 
The final concept of the locking 
mechanism is based on the notion of 
having a simple and safe construction that 
is easy for the operators’ to use, displayed 
in figure 59. H. C., & Chen, K. (2007) 
explains that affordance can help 
designers to target perceptual motor level 
interaction instead of cognitive 
processing. The part of the locking 
mechanism that the user interacts with is 
the knob, the knob was therefore, 
designed to target the operator’s 
perceptual motor level. Vaes, K. (2014) 
explains that it is important for a designer 
to comprehend that the object will always 
communicate with the user. Therefore, 
the shape of the knob was designed to 
indicate that a pulling operation (figure 
60) is needed to use the locking 
mechanism. The knob was also designed 
with a slightly bumpy texture which 
provides the operator with a notion of 
how much force to use. 

 
Figure 60 Rendering of locking operation 

The design of the knob aimed towards 
facilitating the use of the locking 
mechanism for the operators’. A 
mechanism that doesn’t require any pre 
knowledge to be operated. 
 

 
Figure 61 Transparent rendering of locking 
mechanism 

 
The bolt concept uses a spring forced bolt 
which can be retracted using a knob, 
figure 60, 61. When the knob is retracted 
the bolt is in an unlocked position. When 
the knob is released the bolt automatically 
locks the rifle. The locking procedure is a 
very simple, one operation process. A 
plastic knob was used with the material 
properties and a bumpy texture to indicate 
the affordance of a pulling procedure. 
Depending on which side of the crew 
compartment the operator is sitting the 
weapon bracket is located on either the 
left or right side of the chair. Since the rifle 
should always be easy for the operator to 
access the locking mechanism was 
designed to be fitted on both sides of the 
bracket. Therefore, regardless of where the 
bracket is positioned the locking 
mechanism will always be easy for the 
operators’ to access. The locking 
mechanism was evaluated during a user 
test of the bracket. The user test is 
described in section 6.1.5. The placement 
of the locking mechanism can be reviewed 
in section 6.3.1. 
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6.3.5 Weapon bracket summary 
 

 
Figure 62 Rendering of weapon bracket components

 
The final concept of the weapon bracket 
(figure 62) consists of four (4) components 
and is designed to mount any assault rifle 
of the AR-15 in two directions. The 
bracket is intended to be fitted between 
the chairs in the crew compartment of the 
CV90. The goal for this thesis project has 
been to manufacture a working prototype 
in a carbon fiber composite material. The 
carbon fiber material entails a higher 
manufacturing cost than the 
manufacturing of a steel bracket. To 
motivate the higher manufacturing cost 
the bracket was designed to be used in a 
wider range of applications. This was 
possible due to the ability to mount a wide 

range of rifles and position those rifles 
with the barrel facing either up or down. 
The basic configuration of the weapon 
bracket holds the rifle with the barrel 
facing up. When the knob is retracted the 
rifle can be mounted into the bracket and 
by performing the same operation again 
the rifle can be removed. If the rifle has to 
be mounted with the barrel facing down 
the bracket can be reassembled without 
adding or removing any components from 
the bracket. The final concept of the 
bracket was manufactured out of Domex 
420 MC high-strength cold forming steel 
and were assembled together with the 
other components, the mock-up of the 
bracket weighs approximately 1.7kg. 
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6.3.6 Evaluation 
This section treats the evaluation of the weapon bracket according to the list of criteria that 
was defined in the beginning of the project. 
   

Figure 63 Result of criteria evaluation

 
Figure 63 presents the result from the list 
of criteria. As shown in figure 63 the only 
result that failed the matching criterion 
was the outer proportions of the weapon 
bracket. The criterion was set to allow the 
bracket maximum width of 50mm to be 
able to fit between the chairs in the crew 
compartment. The frame of the weapon 

bracket met the requirement of the 
criterion, but the part of the bracket that 
failed was the locking mechanism. To be 
able to lock the weapon an external knob 
of some sort had to be used. In a practical 
sense the knob was not an issue since the 
bracket itself was able to fit between the 
chairs, but according to the criterion the 
product didn’t achieve the requirement. 
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6.4 Prototype manufacturing 
This section presents the manufacturing layout for the prototype. The concept of the carbon 
fiber prototype is presented together with the layout of the manufacturing process. The 
section is finalized by a comparison of the material properties between the steel- and carbon 
fiber concept. 

 

Figure 64 Rendering of carbon fiber bracket 

6.4.1 Manufacturing layout 
This project strived towards 
manufacturing a working prototype in a 
carbon fiber composite material, 
illustrated in figure 64. The prototype was 
planned to be manufactured using a type 
of carbon fiber material called prepreg. 
Prepreg is as the name suggests is a pre 
impregnated fiber cloth. To manufacture 
the bracket a tool needed to be developed 
for the fibers to be molded against. The 
prepreg fibers are applied onto the surface 
of the tool in layers of different angularity 
until the desired thickness of the  

 
component is reached. The tool and the 
prepreg are then put inside a plastic bag, 
the bag is sealed and the air is removed 
from the bag. The components are then 
placed inside an autoclave after which 
heat and pressure are applied. The heat 
and pressure hardens the prepreg over 
time until the component is finished. 
After the component has hardened, it 
requires a controlled cooling period. The 
cooling period is controlled to not cause 
any stress to the material. During that 
period the pressure and vacuum are still 
applied. When the component is finished, 
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edges, holes and cavities are milled after 
which the component is ready to be used. 
Since the component is being molded 
against the surface of the tool the inside 
surface of the component receives a better 
surface quality compared to the outside 
surface, which receives a rougher texture. 
The outside surface has the same 
mechanical properties as the surface on 
the inside; the classification is basically a 
matter of esthetics since the surface 
against the tool receives a better quality. 
For the prototype the surface quality 
doesn’t cause any problems, but for a 
series production the rough surfaces will 
have to be processed and coated to get the 
same finish as the surface facing the tool. 
The reason for that is that the clear coat 
provides a protective layer for the fibers 
and for the users the clear coat also 
provides the product with an esthetic 
gloss.  

6.4.2 Properties 
The essence of developing the prototype 
in a carbon fiber material was to explore 
the possibilities of reducing the weight of 
the product. The final concept of the 
bracket was manufactured in a Domex 
420 MC high-strength cold formed steel 
with a density of approximately 
7800g/m3. The density of the Domex 420 
provided the frame with a weight of 
approximately 1.45kg. The density of the 
carbon fiber material is approximately 
1400g/m3 so by manufacturing the frame 
out of a carbon fiber the new weight of 
bracket became 0.26kg. The frame 
decreases in weight from 1.45kg to 0.26kg 
a reduction of the weight by 80% by the 
use of carbon fiber instead of steel, the 
concepts are displayed in figure 65. 

 

 
Figure 65 Rendering of steel and carbon fiber 
bracket 

 

6.4.3 Summary 
The carbon fiber prototype comprised a 
weight of 80% less than the bracket 
produced in steel. The main differences 
between the two brackets were the 
material properties, manufacturing 
process and one additional component. 
After the manufacturing process, the 
carbon fiber prototype is provided with a 
protective clear coat. The clear coat 
enables the surfaces to withstand hits and 
scratches. Both the milling and water jet 
process results in unprotected fibers on 
the edge of the product. If the fibers at the 
edge of the surface are damaged they could 
cause the component break.  To prevent 
that such accident occurs two rubber strips 
can be applied to the edges of the 
component to protect it from hits and 
scratches, the rubber strips can be viewed 
in figure 64. The rubber strips are the only 
component that needs to be added to 
carbon fiber bracket compared to the steel 
bracket. The rubber strips are a necessary 
additive to keep the prototype safe and 
operational. 
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7 Discussion 
In this chapter the result of the project is discussed. The positioning of the result is first 
discussed followed by the relevance of the result and finally a reflection and recommendation 
are presented at the end. 
 
7.1 Positioning the result 
In this section the result of the project is 
discussed according to the theoretic 
research that was conducted during the 
project. 

7.1.1 Affordance & Semantics 
Affordance and semantics were used to 
design a simple and comprehensive 
locking mechanism for both the weapon 
bracket and the operators’ table. Vaes, K. 
(2014) states that, products that possess 
semantic qualities have the potential of 
being comprehensive, intuitive and 
engaging. Semantics are useful features to 
implement in products that people 
interact with. The ideation with the 
locking mechanism was that it should be 
simple for the operators’ to use and by 
implementing semantic attributes the 
products are able to communicate their 
intended use to the operators’. Vaes, K. 
(2014) describes product semantics as the 
area where designers try to comprehend 
products ability to communicate further 
meaning to users and user’s surroundings. 
Features like how products look, certain 
approaches of how the product is used 
and product stereotypes from different 
cultures. The locking mechanism was also 
designed with respect of making a suitable 
affordance for the users to comprehend. 
According to Donald A. Norman (2013) 
states that affordance is not a property as 
many of us may think; instead affordance 
can be described as the relationship 
between people’s capabilities and the 
properties of objects, and it is that 

relationship that determines how a certain 
object can be used. 
 
So, by designing for the correct affordance 
and semantics the notion was to make a 
simple locking mechanism that triggered 
the operator’s right perceptual motor 
levels. H. C., & Chen, K. (2007) explains 
that affordance can help designers to 
target perceptual motor level interaction 
instead of cognitive processing. The 
weapon brackets are sometimes operated 
in a stressful environment, for that reason, 
having a function that the operators’ 
could manage easily by the use of their 
perceptual motor levels instead of 
cognitive processing was essential. Lidwell, 
W., Holden, K., & Butler, J. (2010) 
explains this as the physical characteristics 
that an object affords a certain function 
more than others. The bracket was 
designed with just one side open to 
emphasize were the rifles are to be 
mounted. The locking mechanism on the 
operators’ table and the weapon bracket 
were both designed with a simple knob 
that affords a pulling direction. Together 
with a bumpy texture the knobs indicate 
how much force in needed to be applied 
to operate the lock. Since the locking 
mechanism on the weapon bracket was 
perceived as simple for the users to operate 
during the user test the need for 
additional information like text or 
symbols was not motivated. Instead it’s my 
opinion since the affordance of the 
locking mechanism was comprehended by 
the users, the use of additional 

https://www.google.se/search?hl=sv&tbo=p&tbm=bks&q=inauthor:%22Donald+A.+Norman%22
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information would only confuse the 
operators’ instead of aiding them. Worth 
mentioning is also how the difference in 
materials is perceived by the customer and 
there users. If one compare the steel and 
carbon fiber material it is my opinion that 
a product produced in carbon fiber is 
perceived as a more advanced and lavished 
product. Even though steel is a common 
material that a lot of people can recognize 
and relate to the carbon fiber material may 
contribute to overall improvement of the 
main products (CV90) image. Because, 
the carbon fiber material carry a certain 
“high-tech” attribute which will reflect on 
the product it’s associated with, in this 
case the vehicle that the bracket is a part 
of. 
 

7.1.2 Situation awareness 
According to Endsley, M. R. (2011) 
situation awareness is the keystone to 
creating a good user centered design. 
Since the weapon bracket is used in 
situations that demand the users to 
operate the product in an effective way it’s 
important that the product mediate a 
high-level of situation awareness. Endsley, 
M. R. (2011) describes situation awareness 
as the foundation upon which decisions 
and performance are conducted on. For 
the product to mediate a high-level of 
Situation awareness Endsley, M. R. (2011) 
describes three important steps: 
 
The perception of needed data 
The perception of needed data refers in 
the case of the weapon bracket the visual 
identification that the user makes when 
he/she sees the shape of the bracket, the 
affordance of the knob and the 
information that the modules provide the 
user with. 
 

The comprehension of that information 
The information that the user gathered 
from the first case is processed in this step 
for the users to understand the situation.  
  
Projection of future status 
During the projection of future status the 
user processes the scenario of how to 
mount and lock the rifle in the bracket. 
How the locking mechanism should be 
operated and in which order the 
operations should occur. 
 
For the weapon bracket the situation 
awareness in this case is a result of the 
affordance and semantics of the locking 
mechanism and the modules provide. The 
knob indicates a pulling operation and the 
open cavities of the modules indicates that 
the rifle be lowered into the modules 
which was well perceived in the user test. 
According to the participants of the user 
test they comprehended how to operate 
the weapon bracket and the result of test 
gave a very positive feedback from the 
participants. The result from the test 
indicates that the users achieve a high-level 
of situation awareness when operating 
with the weapon bracket.   
 

7.1.3 Usability 
One of the goals with this thesis project 
was to investigate the issue of unnecessary 
weight concerning the products. Explore 
the possibilities to design more efficient 
and optimized versions of the products. 
The quest has been to design products 
that are more efficient and optimized that 
include the human factor. One can argue 
that the combination of optimizing a 
product with respect to both weight and 
usability was a strange combination. But 
as the project progressed it was found to 
be an interesting and useful approach. 
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Because, the redesign of a product 
according to weight basically means that 
the design has to be altered and that some 
parts of that product need to be 
eliminated, this affects the functionality 
and usability of the product. So by 
performing changes to a product one has 
to keep in mind that it affects the whole 
product. Since the whole purpose of the 
product is to serve the needs of the users 
one cannot focus the design on one aspect 
without considering other aspects of equal 
importance like human interaction. 
According to Dumas, J. S., & Redish, J. 
(1999) an important part of developing a 
usable product is to understand what the 
user aims to perform with the product.  
 
So by redesigning a product one most 
remember what the basic function of the 
product was so it doesn’t get compromised 
in the process, which will lead to a bad 
outcome. It can be difficult to maintain a 
balance between two quite vast areas when 
trying to achieve a result that should 
improve both sides. According to Dumas, 
J. S., & Redish, J. (1999) one major 
component of making a usable product is 
to set specific goals in the beginning of the 
design process and then work towards for 
filling those goals. The decision making 
process has always something to fall back 
upon by setting these goals early in the 
process, the goals are listed in section 
6.1.5. According to Dumas, J. S., & 
Redish, J. (1999) if these types of goals 
isn’t used it’s hard to know if the product 
is user-friendly. The product can be 
evaluated by using these kinds of goals. So 
in this case by using a prototype user could 
perform tasks to try to reach the goals set. 

The goals provided a recognition that the 
final design of the weapon bracket was 
pleasing to use for the participants.  
 
For the operators’ table the aim was to 
develop a design that decreased the weight 
of the table. However, to be able to make 
changes to the design demanded that the 
function with the table boards had to be 
compromised. The balance between a 
decrease in weight and an improvement of 
the table with a human interaction aspect 
was considered successful due to the 
improvement of the space for the 
operator’s legs. The compromises that the 
table had to go through to receive the 
improvements can be discussed. The table 
had to lose its ability to retract the boards 
separately to make the new design work. 
With the result of how much the weight 
drop and with the improved situation for 
the operators’ legs one can argue that the 
new design of the table improved the 
situation. Then, it depends on the 
customers’ demands, but the new design 
of the table is a beneficial alternative to the 
prior construction. 
 
7.2 Relevance 
This thesis project is to be viewed as a basis 
for the future development of product 
optimization and future implementation 
of composite materials at BAE Systems. 
The objective of exploring the use of 
carbon fiber in this thesis project will 
benefit the company of BAE Systems the 
most. The process of introducing carbon 
fiber in the development process is at its 
beginning and it’s my opinion that there 
is a great potential of taking this project to 
another level. Since the process of 
manufacturing carbon fiber components 
enables freeform shaping it would be 
possible to manufacture a lot of the 
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current parts and components at BAE 
Systems in carbon fiber. By investigating 
this area further towards other 
components the use of carbon fiber 
materials may come to play a major role in 
the future product development at BAE 
Systems. By using this project as an entry 
project will hopefully benefit BAE Systems 
in future projects.  
 
The operators’ of the products that have 
been in focus during the process will 
benefit as well. The operators’ table has 
been improved with respect to the 
operator ability to achieve a more 
comfortable sitting posture during the 
interaction with the table. One can argue 
that the prior design of the table had a 
better solution to the table design with the 
ability to retract the tables, but with a 
disadvantage of blocking the operator’s 
legs. From a user perspective the new 
concept of the table enables the user to a 
better working position than the previous 
table did, so it’s safe to say that the new 
concept will benefit the operators’ of the 
table.  
 
The final target that will benefit from this 
thesis project are people conducting 
similar projects, this project may be used 
as a guidance of how this work was 
conducted and what the result led to in 
the end of the project. 
 

7.3 Reflection 
Here follows a reflection of the methods, 
process and results of this project. First, 
the methods used in this project is 
discussed followed by the process and 
finally the results. 

7.3.1 Method 
Brainstorming 
Brainstorming was conducted single-
handedly throughout the project which 
one can argue is not the optimal approach 
of the method. But since the project was 
performed without the aid of a fellow 
student there was really no alternative way 
to perform the sessions. Especially since 
the project was conducted on site at BAE 
Systems. The result of the brainstorming 
had most likely been more efficient if the 
sessions had involved other participants 
since the method is beneficial from the 
diversity of people’s ideations, the more 
the merrier.  
 
Technical drawing 
Technical drawing was a phase were the 
concept plans really came together. The 
concept sketches where able to evolve to a 
more detailed level by implementing 
technical drawings in the development 
process. It was a relative quick and 
effective approach of exploring the 
concepts more closely and to make 
necessary changes to the concepts. The 
technical drawings worked as the 
foundation that facilitated the process of 
3D modeling during the Computer-aided 
Design phase (CAD). The hard part of 
using technical drawings was the accuracy 
between components, size and fit. Even 
dough the technical drawings was a way of 
improving the concept sketches in more 
detail. Later on it was discovered during 
the CAD phase that it was hard to make 
the technical drawings accurate enough so 
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that the concepts could work in the 
computer model.  This was of course 
expected, but the drawings improved the 
concept sketches enough to facilitate the 
CAD process. Since a lot of concepts were 
quite complex and hard to fit it would 
have been a lot more CAD time if 
technical drawing hadn’t been used. 
 
3D-print 
Locking mechanism 
Two concepts were chosen from the utility 
function method as two of the top three 
concepts of the locking mechanism.  One 
of the two concepts was suited to be 
manufactured using rapid prototyping. 
The 3D-printing enabled the main parts of 
the concept to be printed and assembled 
together, figure 66. When the concept was 
assembled and tested it was realized that 
the concept contained too many moving 
parts and that the accuracy of the locking 
bolt was too poor to work with the wide 
range of rifles. The ideation with the 
concept was for the locking bolt to be 
positioned against the pistol grip of the 
rifle and locked in position by retracting 
the bolt in corresponding holes located on 
the rail. 
 

 
Figure 66 3D-printed concept of the locking 
mechanism 

 
The problem that occurred was, for the 
bolt to be strong enough it had to be at 

least 6mm in diameter. The thickness of 
the bolt led to that the spacing of the holes 
that held the bolt had to be too far apart 
to provide an accurate locking distance 
against the pistol grip. The gap between 
the bolt and the pistol grip was expected 
and was planned to be eliminated by the 
use of a rubber eccentric that could be 
compressed to position the bolt against 
the pistol grip. By 3D-printing the concept 
it was realized that it was not a realistic 
solution as first thought in Catia. 
 
Mock-up 
The obstacle that occurred during the 
development process was that the 3D-
model of the rifle wasn’t an exact match to 
the physical rifle that was present at BAE 
System. The dimension of the 3D-model 
varied some which made the mock-up 
phase quite difficult. For the modules, the 
fit was excellent, but for the locking 
mechanism the placement of the holes 
didn’t match the rifle. The problem was 
that the locking mechanism was too far 
down to be able to lock the rifle in the 
correct spot. Modification had to be made 
to the frame to elevate the position of the 
locking mechanism. This process had to 
be made in cycles with modifications and 
testing’s against the rifle. Since a special 
security clearance was needed to handle 
the rifles only a few people could access 
the rifles. This made the trial and error 
approach quite difficult and time-
consuming. For example, when one 
alteration was made, the rifle could not be 
accessed for a week due to the absence of 
the people with access to the rifles. The 
development process had been easier to 
conduct if a dummy-version of a rifle had 
been available to make tests on. Another 
disadvantage was that there was only one 
version of the AR-15 rifle available at  
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BAE-Systems during this thesis project. 
One can argue that it would have been 
beneficial to be able to perform more tests 
to a wide range of rifles to ensure the 
diversity of the bracket. 
 
User test 
The user test aimed towards evaluating the 
usability of the bracket and of the locking 
mechanism. The user test was hard to 
perform due to the special security 
clearance of the rifle. Since the rifle was 
unable to leave the gun cabinet it was hard 
to perform a user test on the bracket. The 
user test played an important part in the 
development process to verify that the 
design of the weapon bracket could be 
used by real users. Since the user test aim 
on having real users perform a mounting 
and dismount test on the bracket with the 
use of an accurate rifle, a dummy 
representation of a rifle had to be used 
instead. The AR-15 part of the rifle was 
therefore, 3D-printed to be able to 
perform a user test, figure 67. 
 

 
Figure 67 AR-15 3D-printed 

 
The 3D-printed part had to represent a 
real rifle during the user test. Because, the 
3D-printing was such an accurate 
manufacturing process the printed rifle 
work fine during the user tests from a 

geometrical aspect. The disadvantage of 
the printed part was that it did not possess 
the remaining parts and the accurate 
weight of the rifle. But as an alternative to 
not performing a user test it was excellent. 
 

7.3.2 Process 
The process throughout the project was 
inspired by a traditional design process. A 
systematic back and forth process which 
enabled a very flexible approach. Since the 
project focused on design with an 
optimization incentive the ability to work 
in a trial and error paste really facilitated 
the progress. I have to argue that the 
process was very suited for this kind of 
project since there are a lot of testing and 
redesigning cycles that occur. Worth 
mentioning is that the structure of the 
process had been a much easier if the 
products had been determined before the 
project started. Since the project began by 
exploring and locating suitable products 
to start working on a specific process was 
hard to define in the beginning. Instead, 
the process that was established was 
started out quite generic so it could be 
applied on a range of products. According 
to KN·奥托 (美), Otto, K. N., & Wood, 
K. L. (2003) it is virtually impossible to 
explicate a detail plan of a design process 
that can be applied to all industries 
because it depends on what product is 
being developed. The process could be 
more structured when the products were 
determined.  
 
With the result of the project in hand it 
had been better for the project and the 
work process if the project had focused on 
one specific product from the beginning. 
The reason is that a more structured time 
schedule, rapport and a more 
predetermined outcome for the project 



 

 71 

could have been projected. The project 
was unable to reach the goals set in the 
beginning due to insufficient founding’s 
for the project. One can argue that the 
project had become more effective if the 
project had supported a prototype 
manufacture in the end, as a physical 
result of the project. Overall, the process 
used started out quite generic, but evolved 
quickly and worked perfectly for this kind 
of project. The process was very forgiving 
and facilitated an interaction with the 
workflow at BAE System. 
 

7.3.3 Results 
Operators’ table 
The operators’ table was presented with a 
new concept as a result of the weight 
optimization development process. The 
new concept consisted of a new solution 
for the rail system, table boards and the 
hinges. With respect to the objectives the 
table lost 19.4Kg of weight, provided the 
operators’ with a better sitting position 
when using the table and decreased the 
manufacturing cost of the table by the loss 
of components and materials. Notable is 
that, it’s hard to preserve all the 
advantages with a product when 
performing this kind of optimization 
improvements. To make changes to a 
product certain features have to be 
compromised to make room for others. 
The question during the process is which 
features are more important than others 
and it’s that balance that needs to be 
considered to achieve a desired result for 
this kind of projects. For the operators’ 
table the objective with the project was 
achieved together with an improved 
situation for the operators’ but with the 
loss of ability to separately retract the 
boards of the table. 
 

Weapon bracket 
The aim for this project has been to 
develop and manufacture a working 
prototype in a carbon fiber material. The 
final outcome of the project was altered in 
the end phase of the project since the 
prototype manufacturing became a more 
expensive procedure. Resources had to be 
structured before the development of the 
prototype could move on. This change 
affected the time schedule of the project 
resulting in that the manufacture of the 
carbon fiber prototype had to be 
performed after this project had ended.  
 
The result of this project was instead 
presented as a concept. The final concept 
included the design of the weapon 
bracket, material properties, 
manufacturing layout and price proposal 
for the manufacturing of the prototype 
and finally a price indication of a series 
production. The result was presented with 
all the necessary information to carry out 
the manufacturing of the prototype when 
desired.  
 
The goal of manufacturing a working 
prototype was to get a physical concept 
that could be compared with the steel 
mock-up. The ability to inspect both the 
steel mock-up and the carbon fiber 
prototype could get a better 
understanding of the clear difference 
between the materials. It’s my opinion 
that it can be quite hard to appreciate the 
vast difference between two concepts by 
the use of a CAD-model. Comparing two 
brackets in real life that differentiate by 
80% in weight makes a stronger case 
compared to observing the difference 
through a computer monitor. The other 
reason for the prototype manufacturing 
was the ability to perform physical tests to 
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the product. An evaluation of the 
prototype needed to be conducted before 
the product could be produced in major 
quantities.  
 
The result of the project was considered 
successful due to the unexpected decrease 
in weight as a result of the use of carbon 
fiber. Compared to the manufacture cost 
of the series production the price for the 
carbon fiber bracket was not that different 
from the steel bracket. The manufacturing 
costs have been a big question during this 
project, the notion that the price would 
increase was expected, but how much the 
price would differentiate was interesting. 
With a manufacturing cost of carbon fiber 
that is able to compete with the 

manufacturing in steel makes carbon fiber 
a strong competitor in future product 
developments.  
 
7.4 Recommendations 
A recommendation to BAE Systems 
would be to continue to explore the world 
of composite materials and finding a 
sustainable way of implementing such 
materials in their production. The 
advantages that the composite materials 
possesses will contribute to lighter and 
more effective products in the future. 
Even though the composite materials 
exceed steel in costs the ability to reduce 
the weight of a product, for instance in 
this case by up to 80% is a result worth 
investigating further.  
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8 Conclusions 
In this chapter the research questions that were mentioned in section 1.3 are answered 
together with how the result of the project relates to the aims and objectives that were set in 
the beginning of the project. 
 
8.1 Research questions 
In the beginning of the project three (3) 
research questions were set to be answered 
during this project. These questions have 
been the driving force throughout the 
project. An attempt to answer those 
questions is made in this chapter. 
 
The following questions have been 
investigated during the project: 
 
Can a new design decrease the weight of the 
investigated products without compromising 

the strength, durability and safety? 
 
The old version of the operators’ table was 
a heavy construction; one issue with the 
product was that it was not designed for its 
purpose. The purpose of the operators’ 
table is to be used as a work-station where 
the operators’ can handle blue-prints, 
notepads, keyboards and similar light 
weight components. The old construction 
was designed to handle much more weight 
than that. By analyzing what purpose of 
the table a new design could be developed 
that matched that intended purpose. 
Since the new design of the operators’ 
table lost a lot of weight due to decreased 
dimensions of the plates and the 
elimination of two rails the strength and 
durability have certainly decreased but not 
in the extent that it affects the safety of the 
product. For the weapon bracket, the new 
design of the bracket decreased in weight 
using another approach. The frame of the 
prototype decreased dramatically in 
weight from 1,45Kg to 0,26Kg by the 

implementation of another material. 
Theoretically the carbon fiber prototype 
possesses better strength and durability 
properties compared to the steel bracket. 
Since the prototype was never 
manufactured during this thesis project 
no physical tests was possible to conduct 
to verify the theoretical statements. That 
the prototype in carbon fiber withstand 
the same loads as the steel bracket can be 
assumed. The question that needs to be 
answered is how the carbon fiber bracket 
responds to fatigue. To answer that 
question a prototype needs to be 
manufactured and tested in real life. 
  
Will a redesign of the operators’ table and the 
weapon bracket improve the user’s ability to 

operate the products? 
 
The new design of the table provided a 
new rail solution that increasing the 
height of the table from 500mm to 
570mm. Together with the new rail system 
the table was provided with a new solution 
for the boards and the hinges. The boards 
and hinges enables the operators’ to use 
the boards separately even though the 
ability to retract the board’s separately was 
lost due to the new rail system.  The result 
of the new design improved the sitting 
position for the operators’ since the new 
height provided the operators’ with more 
space for the legs. The table lost a lot of 
weight and at the same time improved the 
sitting position for the operators’ and with 
a new solution that enabled the operators’ 
to still use the boards separately. 
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The weapon bracket used a new approach 
of mounting the rifle compared to 
previous solutions. The new bracket also 
provided a simpler locking mechanism 
that can be operated by a single 
movement. The new mounting procedure 
and the locking mechanism were well 
received by the participants after the user 
test. It’s hard to say if the new bracket 
improved the user’s ability to operate the 
bracket compared to before since the 
brackets haven’t been evaluated against 
each other. But the conclusion from the 
user test was that the participants 
expressed that it was easy to operate the 
bracket. 
 

Can the result of this project be used to 
conduct similar projects? 

 
The part of this project that can be used in 
similar projects in the future is the 
implementation of carbon fiber in the 
development process. This project has 
covered the procedure of manufacturing a 
standard steel component in a carbon 
fiber material. The manufacturing of 
carbon fiber components demands that 
the finished components possesses certain 
aspects of thickness and radius for the 
components to work. The thickness and 
radiuses used in manufacturing a 
component in carbon fiber is very similar 
to manufacturing a component in steel. 
For instance, to bend a steel plate of a 
certain thickness a required radius is 
needed, the same goes when 
manufacturing a component in carbon 
fiber. 

The result of this project shows that a 
component made in steel can easily be 
manufactured in carbon fiber with just 
minor alterations of the shape. This is 
beneficial for BAE Systems since a lot of 
their components are able to be 
manufactured in carbon fiber without 
having to develop a new design just to 
change the material.   
 
8.2 Project objectives and aims 

This project was divided into two objectives. 
The first objective aimed on optimizing 
components in the crew compartment of the 
CV90, decrease the total weight and at the 
same time explore the possibility to improve the 
situation for the users. The second objective 
treated the implementation of a new lighter 
materials through the design of a new product. 
 
This project has been divided into two 
objectives with one common nominator, 
reduce weight. The first objective aimed 
on redesigning an existing product and 
the second objective treated the design of 
a new product with the intention of 
implementing a new lighter material. This 
project has shown that with two different 
approaches the same goals has been 
achieved. To solve problems with 
unwanted weight one can approach the 
problem in various ways. 
 
First, by optimizing the shape and 
configuration of components to achieve a 
lighter design.  
 
Second, by exploring the use of alternative 
materials in the development process.  
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Both of these approaches resulted in a 
lighter and more efficient design using two 
different methods. The question one must 
ask is how resources should be spent to 
achieve a desired result. The approach of 
using carbon fiber provided an extremely 
strong and lightweight component. The 
downside is that the price of using carbon 
fiber will most likely exceed “simpler” 
materials, as steel for instance.  The use of 
carbon fiber reduced the weight in this 
case by 80%. With such decrease in weight 
one most argue that it may be worth the 
cost. Implementing carbon fiber in the 
development process will result in more 
efficient products in the future since there 
are a lot of products where unwanted 
weight can be eliminated. 
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Appendix I – User test questionnaire 
This questionnaire was used in the user test evaluation, described in section 6.1.5. After the 
user test, the participants were asked to answer five (5) questions regarding their experience 
from the test. The following questions were given to the participants. 
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Appendix II – Gantt-chart 
The following Gantt-chart was made in the beginning of the project to structure each event 
according to time. The Gantt-chart is presented in more detail in section 3.1. 
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Appendix III – Concepts locking mechanism operators’ table  
Here the concepts from section 5.1.2 of the locking mechanism for the operators’ table is 
presented in more detail. 
 
Concept one 3p (reference) 
The first concept focused on the side 
plates of the rails to explore the possibility 
to bend the plates downwards. The side 
plates were bent vertically to create a 
surface for the bolts to slide on. When the 
bolt reaches the end of the side plate it 
ejects into a hole and the table is locked in 
its retracted position. 
 
The benefit of this solution was to use a 
horizontal alignment of the locking 
mechanism which provided a safe and 
easy locking procedure. The rear end of 
the side plate was provided with a flange 
which enabled the bolt to automatically 
slide onto the surface and follow that 
surface until it reached the hole at the end 
of the plate. This generated an auto 
locking function for the table, displayed in 
figure 1. 

 
Figure 1 The first concept of the locking 
mechanism 

 
One disadvantage of this concept was that 
the new bend on the side plate affected the 
free space of the operators’ legs when the 
table was extracted. Another disadvantage 
was that the knob was quite hard to access 
for the operator. 
 

 
Concept two 2,7p 
The second concept was a redevelopment 
of the first concept and focused on 
bending the plate upwards to enable the 
free space for the operator’s legs, displayed 
in figure 2. This concept also used a 
horizontal aligned bolt placed on the 
inside of the base plates which locked the 
table in its retracted position in the same 
way as the first concept did. 
 

 
Figure 2 The second concept of the locking 
mechanism 

 
The second concept did not affect the free 
space of the operator’s legs, but resulted in 
an unfortunate location of the locking 
mechanism. The knob had to be 
positioned quite high up on the inside of 
base plate for the second concept to work. 
This location made it harder for the 
operator to access the knob. 
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Concept three 3,2p 
The third concept explored the use of a 
vertical aligned locking mechanism to 
provide the operator with a more 
accessible location of the knob. To 
manage that, the locking mechanism had 
been placed on the outside of the base 
plate. The locking mechanism was 
designed with the same “auto lock” 
feature as in the previous concepts. The 
side plate was designed with a flange that 
retracts the bolt upon contact and ejects 
the bolt when it reached a hole at the end 
of the plate, displayed in figure 3. 
 

 
Figure 3 The third concept of the locking 
mechanism 

The locking mechanism uses a stronger 
spring compared to the previous concepts 
which enabled the locking mechanism to 
be placed in a vertical direction, displayed 
in figure 3. The advantages with the third 
concept were that the location of the 
locking mechanism was more accessible 
for the operator. The locking procedure 
was the same as in the previous concepts 
with a variation of the force applied to the 
spring, which made the retraction of the 
bolt more demanding. The force of the 
spring was enhanced to make sure that the 
locking mechanism met the requirements 
from a mine explosion. To unlock the 
table the knob is retracted downwards and 
the table can be extracted. The third 
concept was the best scoring concept in 
the evaluation process and was chosen to 
be explored further in the mock-up. 
  



Page 1/2 

 

Appendix IV – Concepts hinge operators’ table 
Here the concepts from section 5.1.3 of the hinges for the operators’ table is presented in 
more detail. 
 
Concept one 3p (reference) 

 
Figure 1 First concept of the hinges 

 
The first concept of the hinges positioned 
the table boards side by side with the 
hinges fitted underneath, displayed in 
figure 1. The basic notion with the first 
concept was to enable the table boards to 
work together as a single unit. The boards 
were able to turn either left or right 
depending on which operator was going to 
use the table. If both operators’ needed to 
use the table the boards could be 
separated and folded at both directions. 
The first concept positioned the hinges on 
a line to get the boards to turn at both 
directions. This enabled the boards to be 
turned together as one single board. 
Another reason of positioning the hinges 
on a straight line was that it positioned the 
hinges in the middle of the two rails. This 
provided the boards with maximum 
support from the rails in their folded 
position.  
 
One disadvantage with this concept was 
that it required the boards to be 
redesigned as well.  The new boards 
needed to have both sides flat to be used 
together on both sides of the table. 
 

Concept two 2,35p 

 
Figure 2 Second concept of the hinges 

 
The second concept of the hinges was 
based the old design of the boards and 
used a type of hinges called friction hinges, 
displayed in figure 2. The friction hinges 
operates as the name implies by the use of 
friction. This enabled the hinges to pause 
and hold the boards in a steady position 
between 0-90 degrees. The second concept 
enabled the operator to unfold the board 
without affecting the other operator. 
When the board was unfolded it would 
stay in that position due to the friction 
hinges. The second concept required the 
plate connecting the two rail plates to be 
modified so that the boards would get 
support from the rails in their folded 
position. The plate connecting the two 
sides was designed with an elevation on 
the mid part to position the boards 
underneath the hinges. Compared to the 
first concept the boards could not be used 
together due to the configuration of the 
hinges. The disadvantage with this 
concept was that the boards didn’t get the 
same support against the rails compared to 
the first concept.  
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Concept three 1,65p 
 

 
Figure 3 Third concept of the hinges 

 
The third concept used the current hinges 
and boards by changing the plate 
connecting the two rails. The plate 
connecting the two rails had a similar 
shape as in the second concept, but in an 
upside down position. 
 

The mirrored position of the plate 
provided space underneath the edge of the 
boards which made it possible to reuse the 
old design of the hinges, displayed in 
figure 3. 
 
The third concept enabled the current 
boards to be used with only a simple 
modification of the plate. The advantage 
of the third concept was that it was very 
easy to implement, but with the 
disadvantage that the table board didn’t 
get quite the same support from the rails 
as in the first concept. Another 
disadvantage with the third concept was 
that the boards needed additional support 
in their upright position so that they 
wouldn’t accidentally fall down when the 
operator wasn’t using the table. 
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Appendix V - Static analysis operators’ table 
Here a more detailed description from section 5.1.5 is presented regarding the static analysis 
of the operators’ table. 
 

The static analysis of the operators’ table 
was conducted to evaluate the new design 
of the table. The operators’ table was 

designed as a work-station for the 
operators’ to support the weight of 
keyboards, blueprints, documents, etc. 

  
Figure 1 Direction of forces applied to the operators’ table during the static analysis 

 
For that purpose the static analysis was 
calculated with a load of 10Kg on each 
table board, an acceleration of 5g together 
with a safety factor of 1.5, the forces 
applied to the table is illustrated in figure 
1. Since the rails used on the construction 
were already calculated from the 
manufacturer they were replaced with 
solid rods to facilitate the analysis. The 
result of the static analysis showed that the 
stress was below the limit of the tensile 
strength in the overall areas of the 
construction. The main areas that the 

stress was focused on were the base plates 
of the construction, figure 2. The areas on 
the plates where the stress exceeded the 
tensile strength was located on the inside 
of the holes where the bolts are to be 
assembled. That the stress was exceeded 
on the inside of the holes was expected 
and therefore acceptable. The result of the 
analysis showed that on the main areas the 
stress was below the limitation of the 
tensile strength when disregarding the 
areas around the holes.

 
Figure 2 Static analysis of operators’ table 


