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ABSTRACT
For a long time, auxiliary lights utilizing halogen or 
xenon light sources has been fitted in front of the car’s 
front grille when needing an improved high beam 
performance. The bigger the auxiliary light, the better 
its light performance has been. Today’s LED (Light 
Emitting Diode) technology, where several small light 
sources are used, has enabled a new market of auxiliary 
lights, smaller in size and more flexible in shape but 
with performance able to both match and outperform 
the traditional auxiliary lights.

This master thesis focuses on developing an overall 
solution for mounting the type of LED auxiliary light 
commonly referred to as LED light bars on the roof 
of a car and aims to broaden an existing market. LED 
light bars are characterized by its oblong and cuboid-li-
ke shape. High-performance light bars are theft-desi-
rable by nature as they have a high price and lack of 
theft security in themselves. In today’s market, there is 
no given solution for the attachment of roof mounted 
light bars without harming the car. As a result, moun-
tings of this kind are mostly seen neither aerodynamic 
nor aesthetically appealing.

The project has been performed according to the 
CDIO (Conceive, Design, Implement, Operate) phases. 

During the conceive phase, a comprehensive pre-study 
was carried out in which car, relevant theories, LED 
light bars, competitors and expert observations were 
investigated. In the design phase, ideas were developed 
using a number of creative methods implemented indi-
vidually, in groups and in the form of a workshop. Ideas 
were clustered into categories and were screened prior 
to the implement phase. In the following phase, the 
ideas were combined into a concept that was defined 
in details. A prototype was manufactured and evalua-
ted, after which the concept was iterated into a final 
solution. During the last phase, operate, all deliverables 
were produced at the same time as a manufacturing 
process was initiated.

Together with Vparts, a company dedicated entirely 
to Volvo owners, an overall solution has been develo-
ped to enable a good-looking, anti-theft-proof, model 
specific and aerodynamic mounting of LED light bars 
onto the roofs of cars. The concept consists of a double 
curved light bar in combination with lockable and 
adjustable mounts having an aerodynamic shape. The 
solution is modular and includes two different versions 
of the mounts, which together cover 9 Volvo models, 
each variant consisting of four different components 
per side of the light bar.

KEYWORDS:  LED light bar, automotive, auxiliary light, theft security, adjustability, aesthetics,
  industrial design engineering



SAMMANFATTNING
Sedan en lång tid tillbaka har man traditionellt monte-
rat extraljus med halogen eller xenon ljuskällor framför 
bilens frontgrill när behovet av bättre helljus funnits. Ju 
större extraljuset varit, ju bättre har dess ljusprestanda 
varit. Dagens LED-teknik (från engelskans Light Emit-
ting Diode) där flera små ljuskällor används har möj-
liggjort en ny marknad med extraljus som är mindre i 
storlek och mer flexibla formmässigt men med prestan-
da som både kan matcha och överträffa de traditionella 
extraljusen.

Det här examensarbetet fokuserar på utveckling av en 
helhetslösning för montering av den typ av LED extra-
ljus som brukar kallas ledramper på bilens tak och syf-
tar till att bredda en befintlig marknad. Ledramper kän-
netecknas av sin avlånga och rätblocksliknande form. 
Högpresterande ledramper är av sin natur stöldbegärli-
ga då de har ett högt pris och saknar stöldsäkerhet i sig 
själva. På dagens marknad finns ingen given lösning för 
att fästa ledramper på bilens tak utan att bilen tar skada, 
något som gjort att sådana montage sällan varit varken 
aerodynamiska eller estetiskt tilltalande.

Projektet har utförts enligt faserna CDIO (Conceive, 
Design, Implement, Operate). Under Conceivefasen 

NYCKELORD:    Ledramp, automobil, extraljus, stöldsäkerhet, justerbarhet, estetik, teknisk design

genomfördes en omfattande förstudie där bilar, relevan-
ta teorier, ledramper, konkurrenter och expertåsikter 
undersöktes. I designfasen togs idéer fram med hjälp av 
ett antal kreativa metoder som genomfördes individu-
ellt, i grupp och i workshop-form. Idéerna klustrades 
till kategorier och sållades inför implementfasen. I den 
följande fasen kombinerades idéerna till ett koncept 
som detaljbestämdes. En prototyp tillverkades och 
utvärderades varpå konceptet itererades till en slutlig 
lösning. Under den sista fasen, operate, producerades 
alla leverabler samtidigt som en tillverkningsprocess 
initierades. 

Tillsammans med Vparts, ett företag riktat helt till 
Volvoägare, har en helhetslösning tagits fram för att 
möjliggöra en snygg, stöldsäker, modellanpassad och 
aerodynamisk montering av ledramp på biltak. Kon-
ceptet består av en dubbelkrökt ledramp tillsammans 
med lås- och justerbara fästen med aerodynamisk 
utformning. Lösningen är modulär och innefattar en 
fästanordning i två varianter som tillsammans täcker in 
9 stycken Volvomodeller, vardera varianten består av 
fyra olika komponenter per sida om ledrampen.
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INTRODUCTION
Until recently, people have traditionally been mounting round 
auxiliary lights in front of the car grille when needing better high 
beam light output. The new lighting technology utilizing light emit-
ting diodes (LEDs) has presented many new possibilities regarding 
extra lightning when driving. This master thesis focuses on roof 
installation of LED light bars. The project was carried out in coo-
peration with Vparts as a master thesis in the industrial design en-
gineering program given at Luleå University of Technology (LTU). 
It was performed during the spring term 2018 and accounted for 
30 Swedish university credits, equal to 20 weeks of full-time work.



1.1  Background
In the automotive context, traditional headlights utili-
zing halogen and high-intensity discharge (HID) bulbs 
are often found in physically large formats, impairing 
both aerodynamics and aesthetics. (Du, Hsing Chen, 
Soules, Dornauer, Stimac & Schindler, 2005). Usually, 
this large format is caused by the reflector format and 
optics needed to focus the outputted light from the 
bulb in a certain direction. Headlights defined as auxi-
liary lights are no exception to this phenomenon.

To tackle these challenges in format, several manu-
facturers focus on techniques where LEDs are used as 
light sources instead of halogen or HID bulbs. In fact, 
LEDs are starting to replace the traditional light sources 
(Hu, Yang & Shin, 2008). The advantages gained from 
using LEDs instead of the earlier mentioned light 
sources are many; its lifespan is considerably longer, 
LEDs are more resistant to mechanical strain related 
to vehicles, the efficiency is better and above all is the 
possibility to produce smaller sized lights due to the 
compact shape of LEDs (Eichhorn, 2006). However, all 
is not for the better, LEDs convert 75-80% of the input 
electric power to heat (Jung & Lee, 2015). This creates 
a demand for thought-out cooling and is the reason 
why most LED-technology headlights use several 
smaller and, in the context, weaker light sources instead 
of one strong like the halogen or HID light technolo-
gy. This scenario where many smaller light sources are 
used instead of one powerful enables great flexibility 
when it comes to the format and looks of the auxili-
ary light. Lights utilizing LEDs can be found in many 
different shapes and sizes due to this fact.

This project focuses on a type of LED auxiliary lights 
usually mentioned as LED light bars. It is characterized 
by its oblong and cuboid-like appearance where the 
LED light sources are placed in a row. Most commonly 
there are one or two rows of LEDs, which gives the 
LED light bar a low height relative to traditional round 
auxiliary lights. It is popular to mount bars having the 
same width as the license plate either above or below 
the same. Given the design-flexibility, these bars can be 
found in a variety of widths. To accommodate as many 
LEDs as possible, wider bars in the area of 40-50 inches 
are sometimes mounted on the roof of the car. In this 
case, the car is usually a truck, van or a similar type of 
slightly bigger vehicle. When LED light bars are roof 
mounted it is desirable to make it sit as tight and snug 
as possible to the roof. This will improve aerodynamics, 
reduce the risk of self-dazzling in the engine hood and 
side-mirrors and provide good aesthetics.

In order to mount these bars to the roof, there is no gi-
ven solution to adapt. Usually, the light bars are moun-
ted on top of roof racks mounted to the rails of the car, 
which seldom provides the tight fit sought after (figure 
1). Normally these bars are produced in a number of 
pre-defined widths with, in the context, rather large 
gaps between the different sizes. Both universal and 
model-specific mounts of today are often made out of 
wrought steel-plates providing very limited to none 
adjustability. This implies a problematic situation; it is 
hard to find a specific light bar that perfectly match-
es both the width of the car and a specific mount, 
without any modifications.

Another important aspect is theft security. Hi-per-
formance LED light bars can cost tens of thousands 
Swedish Crowns (Lazer, n.d.). Roof-mounted LED 
bars are both easy to sight and access. Normally the 
bar is only secured to the mount using regular Allen 
screws.

1.2  Stakeholders
The people who will be affected by the outcome of 
the project can be divided into two groups, namely 
Vparts and Volvo drivers.

”In fact, LEDs are starting to
replace the traditional light sources”

Figure 1. LED light bar mounted on a roof rack.
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Vparts, who will promote and sell the resulting pro-
duct, will have their existing market broadened and be 
able to increase the number of different LED light bars 
offered. Their already strong supply will be comple-
mented with yet another product regarding a contem-
porary field.

Volvo drivers will be offered a way to securely and 
aesthetically roof mount a LED light bar utilizing a 
model specific solution and thereby increasing the light 
performance of their cars.

1.3  Aims and objectives
The aim of this project is to broaden an existing mar-
ket by enabling a way to roof mount LED light bars on 
common passenger cars. The focus is laid mainly on a 
solution for the attachment of light bars and secondly 
on the light bar itself making it an overall solution. The 
result should be a model specific concept attaching to 
the rails of the car without harming the vehicle in any 
way. The solution should utilize theft security, adjusta-
bility, and aerodynamics at the same time as it blends 
into its context.

The objective is to deliver a complete manufacturing 
basis for an overall solution taking care of the described 
challenges above. The result should be a model spe-
cific concept attaching to the rails of the car without 
harming the vehicle in any way. The solution should 
utilize theft security, adjustability, and aerodynamics at 
the same time as it blends into its context. 

The manufacturing basis should consist of a compu-
ter-aided design (CAD) model, drawings, and a pro-
totype. The prototype should be a functional replica 
of the resulting product and the manufacturing basis 
should be sent off to one of Vparts existing providers 
for manufacturing.

In order to fulfill the aims and objectives, the following 
research questions will have to be answered:

• How can theft security be implemented?
• How can adjustability be implemented?
• How can the overall solution aesthetically blend 

into its context?

1.4  Project scope
The given timeframe of 20 weeks of full-time work 

implies the necessity to delimit certain areas. Vparts is 
a company directed explicitly to Volvo owners, this in 
combination with the time span motivates a delimita-
tion of the number of different cars the solution will 
adapt to. More precisely, the solution:

• Will be adapted to fit the following Volvo models 
with traditional elevated roof rails;

V70 & XC70 generation 2 (00-07) & 3 (08-16)
XC90 generation 1 (03-14)

• Should also be able to adapt to the following 
newer Volvo cars with lower roof rails;

XC90 generation 2 (16-)
XC60 generation 1 (09-17) & 2 (17-)
V90 & V90 CC (16-)

The main focus will be to cover a number of Volvo 
models with roof rails. The mount will most likely also 
fit a variety of other models and car brands due to the 
similarities regarding roofs and rails but this will not 
be verified by this project. The inclusion of Volvo cars 
without roof rails will also be carried in mind but the 
timescale will decide how elaborate this possible solu-
tion will be.

Vparts is a business operating in Sweden and the re-
sulting product is aimed mainly at the Swedish market. 
Given this, when it comes to laws and regulations only 
laws effective in Sweden will be investigated and taken 
into account.

1.5  Thesis outline
This report consists of six chapters excluding the 
introduction. Firstly, the theoretical framework used in 
this project is presented. This includes areas of indu-
strial design engineering, laws and regulation, materials 
manufacturing, design for manufacture and assembly, 
aesthetics, and aerodynamics.

The overall process used in this project is described in 
the third chapter along with descriptions of methods 
deployed to advance towards the set-out goal.

In the fourth chapter, results from the different process 
stages are presented. After this chapter, the final product 
is presented.

Chapter six discusses the project outcomes and final 
results as well as the relevance of this project. The last 
chapter presents conclusions drawn from this project 
and discusses the answers to the questions stated in the 
introduction.

”The aim of this project is to broaden 
an existing market”
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This chapter presents the theoretical framework 
necessary to perform this project. Topics covered 
are industrial design engineering, rules and laws as 
well as materials, manufacturing, aesthetics, aero-
dynamics, and design for manufacture and assem-
bly (figure 2) for the later phases of the project.

THEORETICAL
   FRAMEWORK



2.1  Industrial design engineering
In products, form and function are seldom independent 
of each other, most likely one affects the other quite 
direct. Yet, product design has traditionally been a part 
of either mechanical engineering or industrial design. 
The industrial design engineer, having knowledge in 
both engineering and industrial design (Cross, 2008), 
eliminates the distance between industrial designers 
and traditional engineers. However, the fact that the 
end user is a human brings another important aspect 
that is designing for humans. The resulting product 
of this project will surely need both engineering and 
industrial design knowledge to be realized but an 
industrial design engineer also needs to understand the 
cognitive aspects of a product (Glomann, 2015).

The process of a designer should start with the under-
standing of the problem, which probably is the most 
critical step (Glomann, 2015). The results of a study 
conducted by Christiaans & Dorst suggests that more 
time spent thinking about the design problem results 
in a more creative solution (Christiaans & Dorst, 1992). 
Following this is the context immersion where a 
pre-study is performed, knowledge gained during this 
phase is of great importance when it comes to solving 
the problem (Kotovsky & Simon, 1990). The iterative 
process of design might externally seem chaotic but 
there is well thought out methodologies to deploy 
(Friedman, 2000). A model developed by the British 
design council (n.d.) called the double-diamond model 
describes the general process used in this project.

Bryan Lawson states a phrase that became the mindset 
regarding ambition in this project:

2.2  Laws and regulations
In the Swedish authority Transportstyrelsen’s statue 
book 2013:63 effective laws regarding the nature and 
equipment of vehicles is described. This chapter points 
out regulations relevant to this project.

2.2.1  Forbidden arrangements
Chapter 16, paragraph 7, point 1. states: there should 
be no device exceeding 30 mm height above the body 
surface having a width lesser than its height, given it is 
not necessary for the usage of the vehicle (TSFS, 2013).

Chapter 16, paragraph 7, point 5. states: roof load 
carriers such as roof racks cannot protrude more than 
50 mm past a vertical plane thru the side border of the 
roof at the point of the protrusion (TSFS, 2013).

2.2.2  Illumination devices
Chapter 21, paragraph 10 states: headlight and other 
light sources are to be mounted in a way so that they 
cannot vibrate or change position during normal dri-
ving (TSFS, 2013).

Aero-
dynamics

Aesthetics

Design
for manufacture

and assembly

PRODUCT

Manu-
facturing

Materials

Laws &
regulations

USER

Industrial
design engi-

neering

Figure 2. The relationships of theories within the theoretical framework.

“The designer’s job is never really done 
and it is probably always possible to do 

better”
(Lawson, 2005, p.123)

5 | THEORETICAL FRAMEWORK



Chapter 21, paragraph 11 states: headlight and other 
light sources should be mounted in a way so that the 
light cannot disturb the driver (TSFS, 2013).

Chapter 21, paragraph 27 states: auxiliary lights cannot 
be mounted so that the outer edge of its illuminated 
area is closer to the outer side limitation plane of the 
vehicle than the low beam headlight placed on the 
same side of the vehicle (TSFS, 2013).

Chapter 21, paragraph 28 states: headlight for high 
beam should be adjustable (TSFS, 2013).

2.3  Materials
This chapter describes the pros and cons of different 
materials used in the automotive market of today. Ma-
terials found in the benchmarking of this project will 
especially be in focus.

2.3.1  Steel
Steel is a material widely used in the automotive area, 
approximately 55% of the weight of a US car is made 
out of steel (Mallick, 2012). The most important ad-
vantage when using steel is its high modulus of elas-
ticity of 207 GPa. When compared to other structural 
materials used in the automotive industry it is actually 
the highest. Furthermore, in this context, it is also the 
most inexpensive material available (Mallick, 2012). In 
a sense steel is a flexible material that comes in a num-
ber of different varieties, its strength ranges from 200 
MPa to 1500 MPa (Mallick, 2012).

Other positive aspects are its excellent weldability, 
recyclability, and superior formability compared to 
aluminum. The high modulus of elasticity and st-
rength makes it a good material even when it comes 
to crashworthiness (Mallick, 2012). On the downside 
is the fact that it is a corrosive material and its density, 
7,87 g/cm3, is a lot higher than other competitor mate-
rials such as the aluminum (Mallick, 2012).

2.3.2  Stainless steel
Compared to steel the density and modulus of stainless 
steel is very much the same. However, in strength-criti-
cal applications, stainless steel can be advantageous due 
to its, in many cases, higher strength-to-density ratio 
over that of high strength steels (Mallick, 2012). Fur-
thermore, stainless steel is to prefer in crash situations 
due to its ability to absorb higher crash energy than 
steel and its capability to collapse in a controlled and 
progressive manner (Mallick, 2012).

An undisputed advantage of stainless steel over steel is 
its corrosion resistance, where steel might need a coa-
ting to prevent corrosion stainless steel is good to go 
without it (Mallick, 2012). Despite all these advantages, 
stainless steel is not very common in the automotive 

sector due to its high cost (Mallick, 2012).

2.3.3  Aluminum
P.K. Mallick states: “The most important advantage of 
aluminum alloys over steels in automotive applications is 
their low density, which is 2,7 g/cm3 compared to 7,87 
g/cm3 for steels. Thus, the density of aluminum alloys is 
approximately 65% lower than that for steels” (Mallick, 
2012, p.12). However, the modulus of aluminum, 70 
GPa, is a lot lower than the 207 GPa for steel. Conse-
quently, to achieve the same bending stiffness as steel 
the aluminum has to be 43,5% thicker. As a result, to 
replace for example a body panel made out of steel 
with an aluminum one with the same bending stiff-
ness the weight savings would be approximately 50% 
instead of the earlier mentioned 65% difference in 
density (Mallick, 2012).

As with the stainless steel, aluminum is also resistant 
to corrosion without further treatment (Wenzel Metal 
Spinning, n.d.). When it comes to formability, generally 
aluminum is a lot easier to extrude compared to steels. 
However, due to its lower modulus, it has a tendency 
to spring back more than steels after forming (Mallick, 
2012). Aluminum is also quite a lot costlier than steel 
(Cole & Sherman, 1995) but typically cheaper than 
stainless steel (Metal Supermarkets, 2014).

2.3.4  Plastic
Plastics have increasingly been taking place in diffe-
rent applications in the automotive area over the last 
decades. Mainly, plastics are chosen in order to reduce 
weight, provide durability and toughness, prevent cor-
rosion, and provide design flexibility (Szeteiová, 2011). 
Some of the commonly featured types of plastics in the 
automotive area relevant to this project are PP, ABS, 
PE, POM, and PC (figure 3)(Szeteiová, 2011).

PP, polypropylene has a good resistance to chemicals 
and is almost impenetrable to water. Best UV resistance 
is achieved using black PP (Szeteiová, 2011).

ABS, acrylonitrile-butadiene-styrene is a thermoplas-
tic with good durability, resistance to water and some 
chemicals. It has rubber-like characteristics and is rigid 
in its nature making it a good choice when impact 
resistance is of importance (Szeteiová, 2011).

“The most important advantage of alu-
minum alloys over steels in automotive 

applications is their low
density//”

(Mallick, 2012, p.12)
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PE, polyethylene has a good chemical resistance and is 
suitable for applications where strength and aesthetics 
are sought. It can be manufactured in a range of diffe-
rent densities ranging from low-density polyethylene 
(LDPE) to high-density polyethylene (HDPE) (Sze-
teiová, 2011).

POM, polyoxymethylene is a rigid and stiff plastic 
with an excellent yield. It has great chemical and fuel 
resistance and is suitable for low temperatures as its 
characteristics stay stable at low temperatures (Sze-
teiová, 2011).

PC, polycarbonate has a good resistance to weather 
and UV. It also has a very good transparency level (Sze-
teiová, 2011).

Another general advantage with plastics over metals is 
the ability to mold components with complex geo-
metries. Consequently, one plastic component can 
often replace several parts in other materials (Szeteiová, 
2011).

2.4  Manufacturing
This section describes relevant manufacturing processes 
found in the benchmarking.

2.4.1  Stamping and bending
In the process of stamping thin walled metal parts 
usually steel sheets are formed using punches and dies. 
These punches and dies are mounted to a mechanical 
or hydraulic press forcing them into the material. The 
material is then sheared and/or bent either in one or 
several steps. To achieve a good result the number of 
distinct features in the part should be minimized and 
bend angles exceeding 90 degrees should be avoided 
(Engineering.com, 2006).

2.4.2  Die casting
The process of die casting is rather simple, a melt is 

Plastic Chemical 
resistance UV resistance Durability Strength Low tempera-

ture stability
High level of 
transparency

PP

ABS

PE

POM

PC

Figure 3. Overview of commonly featured plastics in the automotive area.

injected into a metal mold and then allowed to cool 
down and solidify. The cost of this method is depen-
ding on the complexity of the geometry and the wall 
thickness. The geometry directly affects the shaping 
and manufacturing of the mold and the thickness 
directly affects the time needed for solidification (Engi-
neering.com, 2006). Parts containing undercuts are not 
suited to be die cast due to difficulties when removing 
the mold (Engineering.com, 2006).

2.4.3  Injection molding
This method is the most common manufacturing 
process for molded plastic parts. Solid plastic pellets are 
heated and gradually melted in a chamber where a feed 
screw transports the pellets towards a nozzle. Near the 
nozzle all pellets are melted into a homogeneous melt, 
the screw pushes this melt through the nozzle into a 
mold with a linear motion. The melt is then given time 
to solidify to the finished part (Manufacturing Guide 
Sweden, n.d.).

The investment cost for the molds can be high com-
pared to alternative methods but the need for further 
machining and adjustment is most times non-existent. 
Complex shapes are not a problem due to the injection 
and there are very little materials going to waste (Ma-
nufacturing Guide Sweden, n.d.).

2.4.4  Machining
Machining is a method where small chips are remo-
ved from a solid workpiece using machines like lathes 
or milling machines. This allows the workpiece to be 
formed to the desired dimension and geometry. Due to 
its slow nature machining is a costly process. The chips 
cut away from the workpiece are considered scrap, 
which further increases the cost as more raw materials 
are needed. Machining gives good tolerances, conside-
red the high cost this method is usually deployed on 
workpieces already having their base form from other 
less costly processes (Engineering.com, 2006).
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2.5  Design for manufacture and 
assembly
Traditionally there has been a gap between designers 
and manufacturers, this gap has been termed the over-
the-wall approach. Boothroyd (1994) describes the 
term as follows:

Design for manufacture and assembly (DFMA) strives 
to take manufacturing and assembly aspects into ac-
count in the early stages of product design in order to 
remove this gap (Boothroyd, 1994).

Boothroyd (1994) notices a danger in design rules 
that strives to make parts as simply shaped as possible 
for purpose of manufacturing benefits. In turn, this 
mindset could lead to complex product structures and 
a resulting increase in total production costs. This could 
also result in larger inventories due to a larger number 
of different parts in the product and more suppliers, 
further adding to the total cost. Using DFMA, the fo-
cus should rather be laid on the utilization of individu-
al manufacturing processes to their full extent to create 
a product as simple as possible (Boothroyd, 1994).

“//the designer throws the designs over 
a wall to the manufacturing engineer 

who then have to deal with the various 
manufacturing problems arising 

because they were not involved in the
design effort”

(Boothroyd, 1994, p.506)

2.5.1  Design for assembly
Techniques to design for assembly (DFA) are used to 
facilitate the component assembly process of a product. 
A number of common DFA guidelines are available 
(figure 4)(Booker, Swift & Brown, 2005). The assem-
bly efficiency of a product naturally affects the overall 
production cost and the complexity of the product but 
also, to a degree, the quality of the final product (Boo-
ker et al, 2005).

When the part count is minimized in DFA usually it is 
done by consolidating a number of features found on 
several components onto a single one. Most research 
focuses on the advantages of doing this but there are 
also downsides to be mentioned. The DFA techniques 
do not take account of the manufacturing compli-
cations this might create. The risk is, by focusing too 
heavily on the assembly perspective, one might end up 
with one or more components being very expensive to 
manufacture (Booker et al, 2005). Furthermore, when 
components are combined tolerances controlling the fit 
between parts are eliminated, the replacing part must 
then incorporate all the functionality and tolerances 
of the individual parts. In some cases, it can be easier 
to control these tolerances using several parts with less 
complexity (Booker et al, 2005).

DFA does not only affect the assembly experience in 
a positive way but also the production quality. Bran-
nan (1991) conducts a study where it is claimed that 
the use of DFA in some cases decreased the assembly 
defects by 80%. Booker et al suggest that this reduction 
could be a result of relatively fewer components in 
the design solution, which would naturally infer fewer 
problems in the production.

Component level

• Use standard components where possible
• Maximize part symmetry
• Design parts that cannot be installed 

incorrectly
• Minimize handling and re-orientation of 

parts
• Design parts for ease of handling from bulk
• Design parts to be stiff and rigid, not brittle 

or fragile
• Design parts to be self-aligning and 

self-locating
• Use good detail design for assembly
• Avoid burrs and flash on component parts

Product level

• Optimize part count by consolidation and 
integration of features

• Reduce variants and modularize the design
• Design for an optimum assembly sequence
• Provide a base for assembly to act as a       

fixture or work center
• Design the assembly process in a layered 

fashion
• Keep center of gravity low
• Use gravity to aid assembly operations
• Minimize overall product weight
• Design parts for multifunctional uses whe-

re possible
• Strive to eliminate adjustments
• Ensure adequate access and unrestricted 

vision
• Eliminate unnecessary joining processes
• Reduce number of fasteners to minimum
• Use common, efficient fastening systems

Figure 4. Overview of DFA guidelines.
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2.6  Aesthetics
Companies are more and more able to produce pro-
ducts with the same prerequisites as the technology 
gap between companies is decreasing. Features, quality, 
and costs are converging among the products produ-
ced. With this, the importance of good product design 
increases. (Veryzer, 1995). When new technology is to 
be implemented to the market in the form of a new 
product, problems can occur regarding the commu-
nication of product identity and use. Aesthetics and 
design play crucial roles in this type of communication 
(Veryzer, 1995).

Aesthetic considerations are often diminished to only 
deal with the external surfaces housing the inner 
workings of a product. This can be somewhat troubling 
as these two areas are not independent of each other. 
Aesthetics are very much affected by the structure and 
functions of the product. In cases where the design 
strives to highlight functionality instead of covering it, 
this approach is most mistaken. Aesthetics often plays a 
central role when it comes to perception, recognition, 
and understanding of a product (Veryzer, 1995).

2.6.1  Maximum effect for minimal means
One principle to achieve pleasing designs is called 
maximum effect for minimal means. It builds upon 
the assumption that our senses approve economically 
thought out designs. A solution is considered beautiful 
when a great effect is attained using only a minimum 
of means (Hekkert, 2006).

2.6.2  Most advanced, yet acceptable
The principle of most advanced, yet acceptable, MAYA, 
describes how we should take on two specific aspects 
(Hekkert, 2006). The first is the aspect of typicality. 
That is, “//we prefer the most typical examples of a 
category, the ones that are often also very familiar and 
we have been exposed to repeatedly” (Hekkert, 2006, p. 
167). The second, somewhat contradicting aspect, is 
novelty. To overcome boredom and saturation we tend 
to like new, unique and unfamiliar things (Martindale, 
1990). The MAYA principle takes both of these aspects 
into account and suggests that we tend to prefer pro-
ducts with an optimal combination of the two (Hek-
kert, 2006).

2.6.3  Optimal match
Products we run into always addresses several of our 
senses simultaneously, they are multi-modal (Hekkert, 
2006). The optimal match principle focuses on how 
these sensory impressions relate to each other. Hek-

kert (2006) states that we tend to prefer products that 
send similar messages to all of our affected senses. The 
consistency of impressions will help us to identify what 
we are presented with greater accuracy (Zellner, Bartoli 
& Eckard, 1991).

2.7  Aerodynamics
The science regarding air flows around and inside 
object is called aerodynamics. Given that air is basically 
a very thin fluid aerodynamics could more generally be 
labeled fluid dynamics. In the automotive area, aerody-
namics is highly present, regardless of the vehicle speed 
some energy has to fight a force called drag produced 
by air flowing around it. The drag increases with the 
vehicle speed and affects acceleration, top speed, fuel 
efficiency and handling. Primarily, in the automotive 
area, drag can be divided into three forces; frontal pres-
sure, rear vacuum and boundary layer. The last mentio-
ned is simply the friction created between the slow-
moving air and the faster moving surface of the vehicle 
in motion (BuildYourOwnRaceCar, n.d.).  

2.7.1  Frontal pressure
The force generated from frontal pressure is relatively 
easy to grasp. Basically, the air in front of the vehicle is 
forced to move, or flow, around the vehicle as it moves. 
This work is done by the vehicle, which therefore has 
to sacrifice some energy to this. All the millions of air 
molecules in front of the vehicle are compressed as the 
vehicle is hitting them. This causes a higher air pressure 
in front of the vehicle than above or on its sides where 
the atmospheric pressure is preserved. The air will 
naturally try to equalize the pressure and compressed 
air molecules will seek a way out of the high-pressu-
re zone to the sides and top of the car. To reduce the 
generated force the molecules need help to move away 
from the front. This can be done with slanted surfaces 
and reduced areas facing the air in the front portion 
(Lajos, 2002).

2.7.2  Rear vacuum
As the vehicle travels through the air it creates o hole 
behind it with empty space. These empty areas imme-
diately behind the vehicle are the result of air molecu-
les not being able to fill the empty space as the vehicle 
constantly creates this hole as it moves, the vehicle is 
always one step ahead. In this empty space, there is a 
continuous vacuum sucking the vehicle in the opposi-
te direction of the movement. The inability to fill this 
hole is technically called flow detachment and the drag 
forces derived increases with the square of the vehicle 
speed. In other words, this force actually exceeds the 
one created by the frontal pressure. To reduce this phe-
nomenon the back of the vehicle and other protruding 
features needs to be shaped in a way that air molecules 
are helped to fill the hole created. Usually, this is done 
with slanted surfaces guiding the air smoothly to the 
empty hole (Lajos, 2002).

“If we can smell, see, hear, or decide 
something faster or with less effort, we 

will prefer it//”
(Hekkert, 2006, p.163)
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This chapter describes the manner in which the project 
has been carried out. The project was performed following 
the CDIO-process in general with the complementation 
of an initial planning phase. Methods, choices of paths and 
motivations are presented along with a discussion regar-
ding the realization of methods throughout the project.

METHOD



3.1  Process
The roots of the CDIO-initiative stretch back to the 
year of 2000 when four technology concentrated uni-
versities started a project intended to reform engineer 
education programs. CDIO is a framework for educa-
tion focusing on the lifecycle of products and systems, 
this cycle is divided into four phases; conceive, design, 
implement and operate (figure 5)(Berggren, Brodeur, 
Crawley, Ingemarsson, Litant, Malmqvist & Östlund, 
2003). Used as a design process, CDIO is well suited 
for automotive projects and product design in general 
(Malmqvist, Bankel, Enelund, Gustafsson & Knutson 
Wedel, 2010).

The four phases of CDIO are described as follows, 
conceive is about understanding and defining the needs 
of the user through research. The design phase is all 
about ideation through creative methods. The phase of 
implement focuses on realization and validation of ide-
as formed in the design phase. The last phase, operate, 
develops the solution so that it meets the needs of the 
user. (Umeå University, n.d.)

3.2  Plan
In this project, the CDIO phases were complimen-
ted with an initial planning phase in order to secure a 
structurally sound process. The very first week of the 
project was dedicated to planning. To clarify everyo-
ne’s expectations and thoughts of the project a startup 
meeting was arranged at Vparts site. We discussed and 
defined the project brief and talked about the process 
and stages required to fulfill the set goals.

A project plan document was compiled where the 
process, planned methods, deadlines, deliveries, and 

goals were stated and explained. The background to 
the project was described as well as the project scope, 
objectives and aims. To complement the text a time-
line containing all this information was visualized in 
a summarized way to give a clear overview for both 
supervisors and myself (figure 6). This document was 
distributed to supervisors at both LTU and Vparts for 
them to review and comment. The project plan was 
then revised once and approved by all concerned par-
ticipants.

3.3  Conceive
This first phase focuses on the understanding of the 
problem and exploring of the design space. The dif-
ferent methods and activities deployed to find both 
possibilities and limitations (figure 7) are described in 
this section.

3.3.1  Literature review
In order to access relevant knowledge and informa-
tion to consider and build upon a literature review 
was conducted. This method is a good activity when 
trying to grasp both known and unknown information 
within a specified area. It can reveal controversy as well 
as relevant sidetracks for further research. A plus with 
literature reviewing is the possibility of both informa-
tive and critical researching. Furthermore, this method 
requires no specific preparations or tools, the quality of 
the outcome depends only on the researcher’s efforts 
(Bolderston, 2008).

Articles and papers were searched primarily using the 
Google scholar search engine. Laws and rules were 
researched in order to prevent the development of 
something illegal to use in traffic. Furthermore, infor-
mation regarding relevant materials and their properties 
were searched to gain knowledge prior to the future 
choice of materials. Suitable manufacturing processes 
were also researched as well as theory on how to de-
sign for manufacture and assembly, all in order to avoid 
unnecessary complications. Aesthetics was researched 

CONCEIVE DESIGN IMPLEMENT OPERATE
Figure 5. Overview of CDIO phases.

“To clarify everyone’s expectations and 
thoughts of the project a startup me-

eting was arranged at Vparts site”
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Ideas         Concept

CONCEIVE

DESIGN

IMPLEMENT

OPERATE

20 April | Concept

16 March | 3-5 ideas

25 May | Manufacturing

16 February | Current situation analysis

Research: Volvo models - roof & rails
LED light bars
Self dazzling
Heat development

Benchmarking: Competitors
Adjustability
Attachment
Theft security
Functional decomposition

Theory: Industrial design engineering
Laws & regulations
Materials
Manufacturing
Design for manufacture & assembly
Aesthetics
Aerodynamics

Lineboard: Design

Creative methods: Individual brainstorming
Backwards product naming
Triggered brainwalking
Cluster

Screening

Prototyping

Evaluation

Final concept

CAD-model

Drawings

21 May | 90% thesis

28 May | 95% thesis
30 May-1 June | Presentation

12 March | 50% thesis

Preproduction

Figure 6. Visual timeline containing the process, methods, deadlines, deliveries and goals.
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in order to find theories regarding the ways we, as 
humans, perceive an object focusing on its appearance. 
As the resulting product would be mounted externally 
onto a car, aerodynamics was also investigated. The area 
of industrial design engineering was also researched in 
order to get a grip on how this project relates to pro-
duct development in a more general sense. Common 
words in these searches were automotive, materials, 
high performance, aesthetics, manufacturing, vehic-
le, aerodynamics, DFA, DFMA, lightweight, product 
design, innovative, auxiliary lights, rules and various 
combinations of these.

3.3.2  Benchmarking
To be able to reach commercial success with a new 
product, its relationship to competing products is of 
importance (Ulrich & Eppinger, 2014). Benchmarking 
is a method where competing products are searched, 
investigated and compared. Knowledge about these 
existing products will facilitate validation of the new 
product and is a key to successful development (Ulrich 
& Eppinger, 2014).

In this project, benchmarking was necessary in order 
to understand the competition and potential impro-
vement opportunities. Products that were meant to, or 
could be used to, mount a LED light bar on the roof of 
a car using the rails were searched and compiled. Each 
product was then analyzed focusing on the aspects of 
interest. These aspects were adjustability, theft securi-
ty, aesthetics, completeness, harmfulness and to what 
extent the solution was model specific. A visual repre-
sentation of the benchmarking was created in order to 
have the competing product’s strengths and weaknesses 
easily accessible throughout the development process.

An extended version of the benchmarking was cre-
ated in addition to the visual one. In this version, a 
functional decomposition was conducted to point out 
how the different functions were realized. The manu-
facturing method and material used were also descri-
bed for each and every product to give an insight into 

what methods and materials that could be relevant to 
investigate further.

3.3.3  Styleboards
Styleboards are collections of images, most often repre-
senting manufactured artifacts like products, buildings, 
and vehicles. These collections offer inspiration that can 
be of value when designing a new solution (McDo-
nagh & Storer, 2004). The project of this paper focuses 
on the development of an already existing product into 
something redefined, something new. In order to get 
there, innovative inspiration is of great importance.

Styleboards representing important aspects like theft 
security, adjustability, and mounting solutions were cre-
ated to facilitate combination, inspiration, and explora-
tion of already existing solutions in the different areas. 
Images were searched using combinations of words 
like security, safety, theft, lock, adjustability, flexibility, 
mount, roof, auxiliary and car in Googles search eng-
ine. The images were then compiled on one page for 
each category to create a cluster of inspiration.

3.3.4  Field study
In order to collect central data, a field study was con-
ducted. The strength of this method is the possibility 
to find details and interesting sidetracks that would not 
have been found if the same information was acquired 
otherwise. The aim of this study was to collect raw data 
regarding rail measurements and placements for the 
Volvo models of interest.

Prior to the study, a form was created to secure a 
complete outcome. In this form, 12 different measure-
ments of interest were defined. The Volvo models were 
searched in local car dealerships online and assorted 
to make the field study as efficiently as possible. The 
dealerships were then visited one by one and measures 
were taken with the permission of the salesmen (figure 
8). After each and every measuring session the risk of 
self-dazzling was examined by ocularly checking the 
positioning limits for the LED light bar relative to the 
side mirrors. Each rail design was documented with 
pictures from several angles (figure 9).

3.3.5  Research
To be able to provide Vparts with a product they could 
possibly sell in combination with their LED light bars 

LITTERATURE
REVIEW

BENCH-
MARKING

STYLEBOARDS FIELD
STUDY

INTERVIEW LINEBOARDRESEARCH

CONCEIVE

Figure 7. Overview of activites in the conceive phase.

“Benchmarking was necessary in order 
to understand the competition and 

potential improvement opportunities”
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their current supply had to be analyzed. To also gain 
knowledge regarding the differences and similarities in 
light bar mounting possibilities, research was performed 
mainly on the LED light bars offered by Vparts but also 
on other commons models. It was of great importance 
to gain this knowledge prior to the forthcoming design 
and implement phases.

Vparts provided details on each LED light bar in their 
supply and other branded light bars were searched 
using words like ’LED light bar’, ’ledbar’ and ’ledramp’ 
in googles search engine. Each light bar was then 
analyzed focusing on mounting points and mounting 
alternatives.

3.3.6  Interview
A semi-structured interview was conducted to access 
experience and inspiration from an expert in the area. 
The semi-structured approach is suitable when the in-
vestigator has an idea of what questions will be needed 
to cover a specific area but still want some space for 
investigation of possible sidetracks of importance (Mil-
ton & Rodgers, 2013). The interview was relevant in 
the sense that it provided answers and inspiration in an 
effective way. Instead of conducting additional research 
and experiments, knowledge was collected from an ex-
perienced expert with a relatively small amount of time 
invested. It also created a possibility to gain insights 
from an external person with a different perspective.

A form with both open and more specific questions 
regarding adjustability, theft security and roof mounting 
was prepared prior to the interview (Appendix A). The 
last question gave the opportunity for the interviewed 
to ventilate any thoughts or aspects that might be of 
interest. Per Nygren, founder of PN montage was 
contacted for the interview. PN montage is a business 
focusing on diverse assembly related jobs on cars, mis-
sions span from garage door installations to LED light 
bar mountings. Per had a lot of experience in installing 
and modifying all sorts of auxiliary products on and 
into cars. For example, it could be installations of inte-
riors in the cargo space of vans, flashlights on emergen-

cy vehicles and working lights on trucks. PN montage 
was visited and interviewed on site in order to facilitate 
a personal contact to possibly return to during the 
implement phase for evaluation (figure 10).

3.3.7  Lineboard
A lineboard representing the most important lines in 
Volvos design language was created in order to visual-
ly present the context in which the resulting product 
will appear. In this project, the lineboard was created 
prior to the design phase to facilitate the shaping of 
the mount. Front, side and rear view pictures of the ten 
relevant Volvo models were searched and compiled in a 
document. Recurrent and defining lines were searched 
and marked in red for every view. The pictures were 
given a various amount of opacity to highlight the 
lines.

Figure 9. Close-up on elevated rail underside.

Figure 10. Per showing a mount for flash light bars.
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3.4  Design
This is the phase where the ideation takes place. In 
this chapter, creative methods and activities used to 
come up with a broad spectrum of ideas (figure 11) are 
described.

3.4.1  Individual brainstorming
The brainstorming method has achieved wide accep-
tance as a way to facilitate creative thinking and idea 
generation. Its purpose is to free the users from inhi-
bition and criticism both from others and themselves 
(Taylor, Berry & Block 1958). Traditionally, brainstor-
ming is carried out in a group where all participants 
freely write and draw their ideas. Taylor et al (1958) 
execute a study that results in the conclusion that “//
group participation when using brainstorming inhibits 
creative thinking” (p.43). Taylor, Berry & Block states

Dunnette, Campbell & Jaastad (1963) back up this 
statement with conclusions drawn from experiments 
carried out to explore the effect of group participation 
when brainstorming.

This firstly used method was intended to initialize the 
ideation thinking. The method does not demand any 
special tools or preparations which made it suitable to 
deploy in an early stage of the design phase. To avoid 
the possible narrowing approach explained above the 
brainstorming session was carried out in a group of 
two people working individually. The participants were 
briefed on the looks of LED light bars and car roofs 

with rails and then given the task to storm ideas of 
ways to mount the light bar to the rails. Ideas that had 
been stored in the back of the head during the con-
ceive phase were put on paper along with whatever 
else new ideas that popped up. A large paper was used 

to create a view of all ideas as they grew in number to 
enable inspiration from previous sketches (figure 12).

3.4.2  Backwards product naming
This method is similar to that sometimes called the 
reverse brainstorm. It is basically a boosted brainstorm 
where participants are helped to overcome the “I can’t 
think of anything at all” mindset (Vandewerk, 2012). In 
order to facilitate creative thinking amongst the partici-
pants fictional product names are used as starting points 
for the brainstorming activity (Vandewerk, 2012). This 
method was executed as a workshop with external pe-

“A given number of individuals working 
in a group appear more likely to

pursue the same train of thought -to 
have the same set or the same app-
roach to the problem- than do the 

same number of individuals 
working alone”

(Taylor, Berry & Block, 1958, p.43)

Figure 12. Participants brainstorming individually.

INDIVIDUAL
BRAIN-

STORMING

BACKWARDS 
PRODUCT-

NAMING

TRIGGERED 
BRAIN-

STORMING

CLUSTER

DESIGN

SCREENING

Figure 11. Overview of activites in the design phase.
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ople to bring forth ideas created with new perspectives. 
The four participants, aged from 11 to 24 years, were 
students from industrial design engineering, nursing, 
business and economics as well as a junior student. All 
participants had a various amount of insight into the 
project, most had little to no insight. This opened up 
to new ways of thinking as the participants lacked the 
restrictions of knowing the actual project situation.

In order not to make the problem to complex focus 
was laid on the area of attachment. Adjustability and 
theft security were left outside the scope of this exerci-
se. Firstly, the participants were asked to write fictional 
products names on post-it notes taking inspiration 
from a specific concept (figure 13). They were not told 
what kind of product this project revolved around, just 
to keep their minds open to the brainstorming process. 
The specific inspirational concepts were a pharma-
cy, fast food, travel, and winter. These concepts were 
presented one by one and each participant had to write 
down two generic product names per concept.

All post-it notes with made-up product names were 
then shuffled in a pile. The participants were told 
to take one post-it from the pile and read the name 
written on it. They were then instructed to sketch ideas 
focusing on the attachment of a box onto a car roof, 
the boost in the case of this brainstorming was the 
fact that the idea had to have the product name found 
on the post-it note. The brief sounded like this: “How 
would you attach a box to the roof of a car? Your solution 
should have the product name written on your post-it 
note”. Participants took one note after the other until 
all post-it notes in the pile were used (figure 14).

“I can’t think of anything at all”

Figure 13. Participant writing a product name.

Figure 14. Participants sketching ideas based on product names.

3.4.3  Triggered brainwalking
Brainwalking is a great method in the sense that it 
gives all participants the chance to contribute with 
ideas. It is also a flexible method as it is most suitable 
to combine with other thought-provoking techniques 
in order to increase both the number and quality of 
the ideas created (Mattimore, 2012). An advantage with 
brainwalking is the possibility to form mini-teams 
consisting of usually only two people. Mattimore states 
in regard to the number of ideas produced utilizing 
mini-teams “//what you might lack in quantity more 
than makes up for in quality, fun and energy” (Mattimo-
re, 2012). Given that this project involves several diffe-
rent aspects this method was suitable as it can be used 
focusing on certain isolated aspects of the problem to 
make the ideation less complex. 

Triggered brainwalking is a type of brainwalking where 
triggers are used to help the participant to see ideas 
in a new light. Interesting aspects of the problem are 
selected prior to the session. Participants are seated in a 
circle each having a post-it note. Ideas are written and 
sketched on the post-it notes under a several minute 
brainstorming session. When the time is up the notes 
are passed one person to the right or left for the next 
person to take inspiration from. Thoughts are added 
and ideas built upon as the notes circulate. When each 
pass takes place a trigger can be applied (Mattimore, 
2012).

In line with the reasoning of Mattimore (2012), this 
method was carried out in a mini-team consisting of 
two. Participants were briefed on the focusing aspect 
that was adjustability solutions, both linear and angular. 
Each brainstorming session lasted 3 minutes and the 
post-it notes (figure 15) were then rotated. When the 
ideation seemed slow or strained a trigger was intro-
duced together with the post-it rotations. Inspirational 
triggers were, for example, make-up and car seats. The 
triggered brainwalking session went on until the parti-
cipants  showed signs of exhaustion.

3.4.4  Cluster
After all ideation sessions were finished a clustering 
session was performed to refine and define the number 
of different ideas. To eliminate duplicates and make 
the quantity more synoptically available all ideas were 
put on a table and arranged in groups (figure 16). 
Each group contained similar ideas and ideas that were 
somehow related through features or function. These 
groups, or separate idea categories, were then represen-
ted visually with synoptic sketches to bring into the 
screening activity.

3.4.5  Screening
This selection process is supposed to find relevance, 
highlight uncertainties and identify potential problems 
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in a number of alternative solutions (Davies & Pearson, 
1980). Davies and Pearson suggest that the screening 
process itself might be more important than its result 
as it encourages commitment by all concerned parties 
(Davies & Pearson, 1980). This method was necessa-
ry as this first screening would affect the direction in 
which the further ideation, iteration, and development 
would proceed. Due to the same reason, it was of great 
importance that Vparts were given a chance to have 
their say. 

The screening was performed over the telephone due 
to a geographical distance. The visual representations 
of the different idea categories created after the cluster 
session were sent to Vparts so that we could go through 
and discuss the ideas sequentially. Relevant and inte-
resting solutions to carry on with were marked. Lastly, 
all new ideas and sidetracks that had emerged during 
the screening were discussed. These topics included the 
appearance of the LED light bar.

Figure 16. Idea clustering on a table.

3.5  Implement
This third phase focuses on the development of the 
earlier partial solutions to an overall solution. The dif-
ferent methods and operations (figure 17) deployed in 
order to reach a final concept are described below. 

3.5.1  Concept generation
This activity focused on bringing the partial solutions 
into one overall concept. In focus were the combi-
nations and interactions of different ideas in order to 
avoid internal interference. This was necessary as earlier 
ideation processes brought mostly partial solutions 
to the table. Starting from one of the more complete 
solutions discussed in the screening activity, ideas were 
added and combined to form this overall concept using 
pen and paper.

Parallel to the concept generation of the mount, the 
appearance of the LED light bar itself was also explo-
red. Using a photo editing software, LED light bars 
were edited onto Volvo models and bent in different 
ways to explore possible aesthetic advantages.

3.5.2  Detail design
The detail design activity was all about discussing and 
deciding on details in the overall mount concept. This 
activity was carried out at Vparts site in order to gain 
insight into both limitations and preferences from 
their perspective with the details in focus. This activity 
was important as it gave Vparts a chance to give input 
regarding details crucial to make the resulting product 
compatible with their product philosophy.

The overall concept was presented and explained to all 
attendants prior to a discussion where all participants 
were given the opportunity to contribute. Aesthetics, 
theft security, and adjustability were the main topics of 
the discussion even though material choices and other 
practical attributes related to the cars were also debated. 
The possibilities and limitations regarding the aesthetics 
of the LED light bars were also discussed. A couple of 
LED light bars were tested onto different Volvo models 
and measures were taken.

3.5.3  Rapid prototyping
Rapid prototyping is a process where a model or 
prototype is quickly fabricated using additive manu-

CONCEPT
GENERATION

DETAIL
DESIGN

RAPID
PROTO-
TYPING

EVALUATION

IMPLEMENT

FINAL
CONCEPT

Figure 17. Overview of activites in the implement phase.

Figure 15. Triggered brainwalking post-it notes.
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facturing techniques. The input in this process consists 
of three-dimensional (3D) CAD data (Jadhav & 
Wankhade, 2017) In this project, the concept of choice 
induced a lot of measurements on the specific Volvo 
models that were hard to come by. Furthermore, these 
measurements had tight tolerances as the different rail 
models could differ within millimeters. This method 
was highly beneficial as the concept could be tested in 
its real context investigating fit, aesthetics, and function 
with relatively little time invested in the prototyping 
process.

The mount concept was 3D CAD modeled using 
CAD software (figure 18) and the dimensions collected 
earlier during the field study. Vparts provided a LED 
light bar for me to measure and take critical dimen-
sion from. Each component was modeled separately 
and assemblies were created for the different product 
variations. The model was then examined in the CAD 
software to assure functionality and avoid interferen-
ce between components. As the prototype gave the 
opportunity to analyze the product aesthetics in its 
true context, inspiration for the looks was found in the 
styleboards from the earlier phases.

The digital CAD model of the mount was then con-
verted into a physical product using a 3D printer. First-
ly, all CAD modeled components were exported to 
stereolithography (STL) files. The STL files were then 
imported to a build preparation software. From this 
software, data was transported to the 3D printer that 
created the physical models in polylactic acid (PLA) 
plastic (figure 19). 

3.5.4  Evaluation
This method focuses on confirmation and testing. A 
prototype is tested in order to find eventual issues. This 
method was crucial in this project phase as the first 
prototype contained some uncertain measurements.

Firstly, the prototype for the mount was tested on the 
light bar provided by Vparts. Mounting holes, ca-

ble-bushings, and fitment were tested. Secondly, the 
Volvo models of interest were searched in local dea-
lerships prior to the evaluation. Each dealership was 
then visited and the mount prototype tested (figure 
20) with the approval of the salesmen. The tests fo-
cused on fitment, aesthetics, ease of installation and 
whether or not the car was impaired. Complementary 
measurements were taken for each model at the same 
time as the testing and noted in a table prepared prior 
to the evaluation. This was motivated as some dimen-
sions were uncertain already in the rapid prototyping 
process.

3.5.5  Final concept
After the evaluation, it was time to adjust the first pro-
totype. This activity aimed to adjust the first concept 
into a final one. The found issues during the evaluation 
motivate the necessity of this activity. Using pen and 
paper, the shape of several of the components from the 
original mount concept was adjusted to allow for more 
adjustability, functionality and an improved overall look.

Regarding the LED light bar, with the approval of the 
manufacturer, it was decided that the light bar was to 
be bent in two ways. Calculations were performed 
using a formula for circle segments (figure 21) and the 

Figure 18. Rapid prototype CAD modeling.

Figure 19. 3D printing the prototype.

Figure 20. Testing mount prototype.
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collected measurements in order to access a bending 
radius for the vertical bending suitable for the Volvo 
models of interest. This radius along with other di-
mensions was sent off to the manufacturer so that they 
could supply preproduction units for testing within the 
timeframe.

3.6  Operate
This last phase focuses on the finalization of the deliv-
erables and an overall finishing touch to all the parts of 
the project. Activities in this phase are presented below 
(figure 22).

3.6.1  Computer-aided design
This activity aimed to secure one of the earlier sta-
ted deliverables, namely the final CAD model. The 
modeling of the mount started from scratch in order 
to construct a more correct and precise model than 
the model created in the implement phase. Firstly, the 
base form was constructed with surfaces creating an 
enclosed body (figure 23). The surfaces connecting to 
the LED light bar were given G2 curvature against the 
light bar. All other internal surface transitions were also 
given G2 continuity (figure 24) in order to achieve 
smooth reflections in the resulting product. After this, 

COMPUTER-
AIDED

DESIGN

DELIVER-
ABLES

PRE-
PRODUCTION

OPERATE

Figure 22. Overview of activites in the operate phase.

the base form was cut into the different components 
forming the mount. The dimensions were adjusted 
to accord the bent light bar and the complementing 
measurements from the evaluation activity during the 
implement phase.

The LED light bar was also modeled with the mea-
surements and bending radius from the last phase to 
enable renderings of the whole solution.

3.6.2  Deliverables
This activity made sure the other two deliverables 
stated in the introduction were taken care of. With 
the CAD models as a base, renderings and drawings 
were produced using CAD and rendering software. 
The drawings were kept simple displaying only basic 
dimensions to avoid complexity. For details, the CAD 
model itself would work as a 3D drawing. The rende-
rings aimed to show the different features and func-
tions in an accessible and selling way. Furthermore, the 
individual components and their order of assemblage 
were described in the renderings.

s

h

r

s2 + 4h2
r = 8h

Figure 21. Circle segment formula.

Figure 23. Surfaces forming the base form.

Figure 24. Surface transitions with G2 continuity.
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3.6.3  Preproduction
This last activity was meant to be a finishing confirma-
tion of the final concept prior to manufacturing. It was 
carried out at Vparts site so that all concerned parties 
would be on the same page. Prior to this visit, the final 
CAD model for the mount was made into a physical 
functional prototype using a 3D printer. The technique 
was the same as for the rapid prototyping in the imple-
ment phase, except this time the surface roughness was 
finer to make it look more like the resulting product.

Figure 25. Testing the final mount concept with a single curved LED light bar.
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This prototype was supposed to be tested with the 
double curved light bar prototypes from Vparts supp-
lier. Unfortunately, the received light bars were only 
single curved and had incorrect widths making the 
final testing incomplete. To make the most out of the 
situation the 3D printed mount was tested onto a cou-
ple of Volvo models (figure 25) and the received LED 
light bars separately.



This chapter presents the results from the four diffe-
rent phases in this project. For each phase, the results 
of the used methods and activities are described.

RESULTS



4.1  Conceive
This section describes results from the first phase with 
the current situation analysis in focus.

4.1.1  Benchmarking
The benchmarking highlighted the absence of a pre-
sent product matching the criteria for the product of 
this project. This not only motivated the sole existen-
ce of this project but also the potential of the result. 
The benchmark also served as a point of reference, 
the product developed should outperform all of the 
analyzed competitors. Two out of the seven criteria of 
focus (figure 26) was not met by any of the compe-
titors, the heightwise adjustability and theft security. 
Height adjustability directly affects the aerodynamics 
and aesthetics and theft security being a major selling 
point according to P. Nygren1, PN montage. Only 2 of 
the 11 compared products did not harm the car when 
being mounted and 7 of the 11 had no adjustability 
features at all. (Appendix B)

The extended version provided information regarding 
what materials and manufacturing methods that were 
relevant to further explore prior to the operate pha-
se where these aspects were to be determined in this 
project. Stamped and bent variations of steel were the 
most common combination of material and method. 
(Appendix C)

The functional decomposition section of this bench-
marking provided inspiration and examples regarding 
features like adjustment and attachment. The solutions 
to create adjustability were rather undiversified, seve-
ral alternative holes or one slotted hole were the only 
solutions. When it came to attachment to the light bar 
the solution were holes for screw joints to either the 
bar itself or the foothold of the bar. Some products 
had solutions allowing both alternatives. Regarding 

1 P. Nygren, personal communication,
 16 February 2018
2 M. Nilsson, personal communication,
 6 February 2018

attachment to the car, the most common solution was 
clamping to the rails of the car (Appendix C).

4.1.2  Volvo models
The field study provided crucial information regarding 
the Volvo models and their rails. The models were divi-
ded into two categories, the first consisting of the five 
models with elevated rails that the mount would have 
to fit and the second focused on the five models with 
low profile rails that the mount should also fit. Simila-
rities, patterns, and divergent facts were found.

The different cross sections of the rails were one of 
the findings. The first generation XC60 was the most 
outstanding model in many aspects. It was Volvos 
first model to have the lower style rails and it had a 
cross-section of its own. Further, only on this model 
did the width between the rails converge towards the 
front, making the rail-width in the front narrower than 
on all other models. The combination of having the 

lowest rails and the most bulged roof actually made the 
middle of the roof stick up above the top of the rails in 
the front. This was not seen on any other model (figure 
27).

The second generation XC90 came with two alternati-
ve rail options. The elevated style rails were included in 
the base package called momentum, all other equip-
ment levels had the lower style rails. Both alternatives 
were searched prior to the field study but only models 
with the lower style rails were found. According to M. 
Nilsson2, a salesman at Bilbolaget Sundsvall, the second 
generation XC90 was rarely sold with the base model 
equipment. As it was one of the more luxurious models 
in their lineup the buyers of this model tended to se-
lect a lot of optional extras. Because of this, there were 
not many XC90 models with the elevated style rails 
sold. Even though Bilbolaget Sundsvall was an official 
Volvo dealership they could not provide a XC90 with 
the elevated rails for me to examine.

Theft security
Model specific

Aesthetically 
appealingTotal 

solution

Car intact after 
mounting

Adjustability,
lengthwise

Adjustability,
width

Adjustability,
height

No

No

Yes, one model

-

Yes, two models

Yes
1

    5
5

    5

Figure 26. Benchmarking criterias.
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1
2

3

456
7

8
9

10

12

11

Inner width between rails at the back of first leg
Inner width between rails at the front of second leg
Distance lengthwise between measurement 1 and 2
Rail height above roof, alongside rail
Rail height above roof, in the middle of rails
Height to rail underside in the middle of first and second leg
Distance from top of windshield to front of first leg
Bottom length of first leg
Distance between the bottom of first and second leg
Thinnest measure of rail profile
Thickest measure of rail profile
Circumference of rail profile

 1 (cm) 107 105 105 107 100 95 105 104 104 110
 2 (cm) 104 98 101 98 93 103 101 101 101 105
 3 (cm) 91 81 91 81 91 54 60 65 65 77
 4 (mm) 40 54 49 57 50 19 23 21 21 32
 5 (mm) 13 28 26 27 28 -35 5 1 1 14
 6 (mm) 28 34 29 34 45 n/a n/a n/a n/a n/a
 7 (mm) 105 80 12 0 10 0 0 0 0 0
 8 (cm) 17 39 21 32 27 41 37 48 48 35
 9 (cm) 99 97 98 93 96 n/a n/a n/a n/a n/a
10 (mm) 21 26 26 25 26 6 12 11 11 18
11 (mm) 35 34 45 38 45 47 37 35 35 39
12 (mm) 87 95 108 93 105 n/a n/a n/a n/a n/a

V70
 gen 2 (0

0-0
7)

XC70
 gen 2 (0

0-0
7)

V70
 gen 3 (0

8-16
)

XC70
 gen 3 (0

8-16
)

XC90 gen 1 (
03-14

)

XC60 gen 1 (
09-17

)

XC60 gen 2 (17
-)

V90 (16
-)

V90 CC (16
-)

XC90 gen 2 (16
-)

Rail profile, 
high rails

Rail profiles, 
low rails

1:
2:
3:
4:
5:
6:
7:
8:
9:

10:
11:
12:

Figure 27. Summary of field study.
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Generally, the width between the rails was similar 
on all the models and the measurements for the rails 
profiles were more or less the same on models with 
elevated respective low profile rails, with the exception 
of the mentioned first generation XC60. Small diffe-
rences were found between rails that were identical to 
the untrained eye. For instance, the rails of the second 
generation V70 and XC70 looks to be the same even 
though all measurements are slightly different.

The lineboard (Appendix D) summarized Volvos idiom 
and design language for the models of interest. The 
characteristic shoulder line seen from the back (figure 
28) is a clearly present feature in all models. On the 
newer models lines pointing towards the center of the 
front portion are common (figure 29).

The roofline is also reworked on the newer models 
such as the XC60 generation 1 and 2, V90, V90 CC 
and the XC90 generation 2. Seen from the side, the 
roof is cut shorter to give the hatch area more ang-

le, affecting the overall proportions. On the XC60 
generation 1, V90, V90 CC and the XC90 generation 
2 there are two prominent new features, the T-shaped 
day running lights in the headlights being the first and 
the leveled line with a raised middle portion being the 
second. This line is easiest spotted from the back, where 
it shapes the lower edge of the rear window.

4.1.3  LED light bars
The interview highlighted the problems that were the 
starting point for this project. Per Nygren1 at PN mon-
tage also provided knowledge and answers to specific 
issues. Even though his company mainly focuses on 
vans and trucks his experience was of great value. In 
his experience, the heat development of LED light bars 
was no problem, which in this project meant that the 
light bar would not harm the roof if being mounted 
close to it. Further, he also highlighted the importance 
of theft security. Several customers had their LED light 
bars stolen shortly after having them mounted. Per had 
started to use special security bolt to cope with this 
(Appendix E).

The research on Vparts supply and other makes and 
brands stated that almost all LED light bars had the 
same mounting points, only some older models lacked 
the side mounting holes. Otherwise, the standard in use 
seemed to be both side mounting points and brackets 
for mounting underneath. When interviewing Per at 
PN montage about the different mounting points in 
the LED light bar market his experience was in line 
with the outcome of the research. He meant that the 
side mounting point in combination with the moun-
ting points underneath was standard, only some early 
models came without side mounting possibilities. (P. 
Nygren, personal communication, 16 february 2018)

4.1.4  Inspiration
The three different styleboards summarized inspiratio-
nal products having the features of interest. The aspects 
represented were adjustability (Appendix F), attach-
ment (Appendix G) and theft security (Appendix H). 
Most diversity was found in the adjustability styleboard, 
those for attachment and theft security were more 
uniform. Given that the styleboards contained products 
not necessarily related to the product of development 
in this project they provided inspiration and interesting 
sidetracks both in the early ideation stages and in the 
later detail design.

4.1.5  Knowledgebase
The reviewed literature gave a lot of information that 
was important to grasp prior to the phases procee-

“Several customers had their LED light 
bars stolen shortly after having them 

mounted”

Figure 28. Volvos characteristic shoulder line.

Figure 29. Lines pointing towards the center of the front portion.
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ding the conceive phase. The knowledge of laws and 
regulations prevented the development of something 
unsuitable or even illegal to the main market. It also 
contributed to the refining process of the project scope 
as it contained some limitations.

The knowledge gained in relevant manufacturing 
methods and materials started the thinking process of 
manufacturability in an early stage of the project ma-
king sure it would not be a matter handled at the last 
minute. The different materials also provided inspira-
tion for the design phase as they all have their strengths 
and weaknesses in different areas making them more or 
less suitable for different shapes and geometries.

Apart from providing important information and 
insights the interview with Per1 at PN montage also 
connected his company and their knowledge to the 
project. Per was willing to participate in the future 
stages of evaluation if needed. Per also pointed out the 
weight of keeping the car intact. He noticed a certain 
customer satisfaction when his works did not include 
drilling and such techniques affecting the car.

4.2  Design
Here, the results from the ideation are presented. 
Outcomes from the four different methods deployed 
are described. As the problem was divided into seve-
ral focus areas during most of the design phase the 
number of ideas that were complete solutions were 
few. However, many partial solutions were available for 
future combination into whole solutions.

4.2.1  Individual brainstorming
The brainstorming session resulted in a number of 
ideas both regarding the mounting as such but also 
regarding details in theft security, adjustability, and 
attachment (Appendix I). When similar ideas were 
bundled together to create categories of unique ideas 
17 different general categories remained. One of the 
most interesting ideas concerned the attachment to the 
LED light bar. The mount was shaped in a way that it 
enabled the light bar to slide into the mount (figure 
30). This turned the mount into an extension of the 
light bar instead of it being a standalone product.

Figure 30. LED light bar sliding into the mount.

4.2.2  Attachment
The workshop where the backwards product naming 
method was used resulted in 32 different ideas focu-
sing on roof attachment (Appendix J). Most of them 
were not realistic or usable as they were but all of them 
provided inspiration and new perspectives both regar-
ding form and function. One of these unrealistic ideas 
sketched simply utilized human arms to grip the car 
(figure 31). This provided a new perspective focusing 
on the human body with its movements and mecha-
nisms.

4.2.3  Adjustability
The triggered brainwalking session provided a range 
of different adjustability solutions inspired by products 
originating both near and far away from the auto-
motive industry. 16 different solutions were produced 
during this session (Appendix K). When the make-up 
trigger was introduced one interesting idea came up. 
Lipsticks and newer mascara brushes usually use a 
mechanism to make the lipstick or brush slide out from 
its casing with a rotation of the upper or lower part of 
the casing. The idea sketched was this type of adjusta-
bility (figure 32). The mechanism is hidden internally 
and provides a smooth linear movement through a 
rotational input movement.

Figure 31. Human arms grabing a hold of the car.

Figure 32. Lip stick-like adjustability mechanism.

“Most of them were not realistic or 
usable as they were but all of them 

provided inspiration and new
perspectives both regarding form

and function”
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4.2.4  Theft security
The individual brainstorming produced an idea that 
focused on hiding as many fastening mechanisms in-
ternally as possible (figure 33). The mount consisted of 
several components mounted step by step each hiding 
the others mounting points. This would, unfortunate-
ly, make both the mounting and demounting process 
more complex but more importantly also significantly 
improve theft security. In this case the theft security 
increases as the number of accessible bolts and nuts 
holding the Led light bar decreases.

4.2.5  Cluster
The cluster session resulted in 6 different idea cate-
gories represented with sketches (Appendix L) con-
cerning attachment, adjustability and theft security. 
Individually, these ideas were partial solutions meant 
to be screened and combined into a future complete 
concept.

4.2.6  Screening
The first screening helped to define the future path to 
follow both in general and in details. It was decided 
that the solution should be modular with replaceable 
versions of the different components to achieve the 
necessary adjustability (figure 34).

Figure 33. Internally hidden bolts.

Two of the presented partial solutions were found 
relevant and interesting. The first was the idea catego-
ry focusing on the appearance of the whole light bar 
assembly (figure 35). The light bar slid into the mount 
making it an extension of the bar instead of a standalo-
ne product. The second solution of interest concerned 
theft security. This idea category focused on ways to 
hide as many bolts and fasteners as possible (figure 36). 
To compliment this category, it was concluded that 
some kind of a lockable end cap was of interest.

Our more general discussion regarding the future path 
resulted in the exclusion of two Volvo models. The 
first generation XC60 was excluded due to its, in the 
context, very unique combination of roof and rails 
described earlier in this chapter. This model would 
demand a specific set of components in the modular 
solution not being compatible with any other model. 
The second generation XC90 with the elevated style 
rails was excluded due to the fact that this configura-
tion was very uncommon as stated earlier in the results 
chapter. However, both of these models belonged to 
the secondary group of interesting models stated in the 
project scope chapter. It was desirable, but not manda-Figure 34. Modular solution.

Figure 35. Mount extending the light bar.

Figure 36. Components hiding bolts.
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tory, that the resulting solution of this project would 
adapt to these models.

The discussions with Vparts regarding the LED light 
bar’s appearence resulted in some ideas to improve 
the overall aesthetics by changing the light bar itself. 
It was concluded that light bars bent in two ways was 
an interesting area to explore as none of us had seen 
anything like it. That is, bent along both the roofline 
and the front portion. It was decided that I would use a 
photo editor to further discover possible advantages in 
this area.

4.3  Implement
This chapter describes the results from the third phase 
where ideas are developed into concepts. In the end, a 
final concept is defined.

4.3.1  Concept
The initial concept generation resulted in a mount 
consisting of several components, each with a purpose 
of its own (figure 37). Part 1 mounted to the end of 
the light bar in a fixed position, part 3 and 4 clamped 
around the rail of the car and part 2 provided theft 
security as it was a lockable cover to hide all fasteners. 
Part 5 and 6 corresponded to part 3 and 4, the only 
difference was the cutout profile for the rails. This 
pair adapted to the lower style rails and pair 3 and 4 
adapted to the elevated style. Angular adjustability was 
found between part 1 and 3 respectively 5. All parts 
were mirrored and also mounted to the other side of 
the light bar.

The detail design activity at Vparts site helped to define 
the concept more detailed. The earlier ideas where the 
light bar slid into the mount were excluded in order 
to make the mount slimmer and neater. This made the 
mounts look more like extensions of the light bar than 
separate pieces. 

Vparts had an existing network of manufacturers and 
suppliers, this helped somewhat in the detail decisions. 
For instance, Vparts had manufacturers that could take 
care of the locking mechanism needed to make the 
cover secure. For me, this meant that I could hand that 
specific challenge over to them and allocate time to 
other features and problems. Our discussions resulted 
in a desire to manufacture the mounts in the same 
material as the LED light bar, namely, aluminum. The 
aluminum could then be anodized in a black color to 
match the light bar. This would improve both strength 
and quality feel over plastics. Again, one of Vparts ma-
nufacturer could both mill and anodize aluminum parts 
with reasonable prices. This led to the decision that the 
material in the mounts was to be aluminum.

This concept was relatively static considering previous 
partial solutions and adjustability focus. The motivation 
for this was the aesthetics, the concept was allowed 
to be much slimmer and minimized when mechanic 
arrangements were eliminated. Instead, if more adjus-
tability were needed, it would be implemented with 
different variations of the different parts. In order not 
to scratch the rails when mounted it was decided that 
thin rubber liners would be applied to the surfaces 
facing the rail.

The parallel exploration of the LED light bar appea-
rance resulted in an overall concept where the light bar 
was curved with a constant radius in two ways, both 
alongside the roofline and the front portion. The focus 
was laid on the bending along the roofline (figure 38) 
as this would be new to the market.

Both bending with a constant radius over the full 
length and bending only near the outer edges were 
tested (Appendix M). After our testing session at Vparts, 
we made a decision to use the single curved LED light 
bar Vparts had provided me with as a starting point, the 
housing would be the same except for the bending. 
This simplification was motivated by the secondary 

Figure 37. Modular concept.

STRAIGHT

Figure 38. Light bar curved along the roof.

CURVED
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importance of the light bar in this project. The light bar 
would be curved in two ways and its internals updated 
to the latest on the market by Vparts supplier. Further-
more, our measurements resulted in a decision to uti-
lize two different widths on the light bars. This was to 
deal with the different widths between the rails found 
during the field study in the conceive phase.

Our discussions and tests brought another aspect to 
the table, sunroofs. Cars equipped with sunroofs had 
not occurred during previous tests and was, therefo-
re, a new issue. Traditional sunroofs were offered only 
on the models with elevated rails, models with the 
lower style rails could instead have panoramic sun-
roofs (figure 39). When fully opened, the traditional 
sunroofs stretched a maximum of 20mm over the roof 
where the LED light bar was supposed to be mounted. 
This issue motivated the light bars to be bent along 
the roofline as this would handle some of the possible 
sunroof interference. Vehicles equipped with panoramic 
sunroofs were excluded as the sunroof not only raise 
vertically and slides back over the roof when opened 
but also there is a windshield popping up around whe-
re the light bar would sit. The complexity of this pro-
blem was too much to consider in the given timeframe.

The CAD model and the 3D printed prototype (figure 
40) gave deeper insights into the functionality and 
dimensions of the concept. The physical prototype ena-
bled detailed evaluation to find eventual issues.

4.3.2  Evaluation
The evaluation of the mount prototype revealed several 
issues. Right from the start, the parts clamping the rails 

turned out to have too tight measurements (figure 
41). Next issue was related to this, the parts clamping 
around the rails needed a larger span to handle the 
differences in rails sizes. These issues occurred for both 
rail styles.

The shape of the lockable cover had its inspiration 
from the Volvo characteristic shoulder line found in the 
lineboard from the conceive phase. However, the thin-
ner rails created a small gap (figure 42) where the cover 
met part 4 respectively 6 as these parts moved inwards.

“Cars equipped with sunroofs had not 
occurred during previous tests and was 

therefore a new issue”

SUNROOF

PANORAMIC SUNROOFWINDSHIELD

Figure 39. Sunroof versus panoramic sunroof.

Figure 40. 3D printed prototype.

Figure 41. Too tight measurements for the rail cutout.
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The heel found in part 3 and 5 was now removed as its 
function was redundant with the heel found in part 4 
and 6. The new extended lockable cover eliminated the 
previous gap-issue at the same time as it incorporated a 
shape reminding of Volvo’s covers for the side mirrors.

The calculations regarding the bending radius for the 
LED light bar resulted in a bending radius of 6400mm 
for the vertical bending (figure 46). For the wider light 
bar, this resulted in a 20mm height difference from the 
lowest point compared to the highest. For the narrower 
light bar, this difference was 16mm. The horizontal 
bending was kept the same as for the provided light 
bar, this radius was calculated to be 3600mm.

The light bar power cable running between part 1 and 
3 respectively 5 could potentially be scuffed over time 
as these parts could move relative to each other (figu-
re 43). Another insight concerned the lower heel, or 
lip, found in part 3 and 5. This heel was there to grip 
around the rail but made it harder to actually mount 
the concept onto the car.

The heightwise dimensions of the mount were con-
firmed and turned out to be correct and the overall 
look was confirmed to be slim and neat as desired. The 
detailed measurements taken during the evaluation 
resulted in a summarized table of dimensions regarding 
the rail profiles (figure 44).

4.3.3  Iteration
The finishing adjustments resulted in a final concept 
taking care of the issues found during the evalua-
tion. Not only were the dimensions corrected on the 
mount, all parts except part 1 were slightly redesigned. 
A new part was also added to complement part 5 and 
6. This concept was a modular solution in two versions, 
one for the elevated style rails and one for the lower 
style. Each version contained four different parts (figure 
45). Figure 43. Power cable between part 1 and 3 respectively 5.

Figure 42. Gap between the casing and part 4.

Figure 45. The adjusted parts of the final concept.
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A
A

B

C

D E

FD

C

B

Part 3/5 & 1 mounted, distance from bottom of part 1 to roof
Part 3&4/5&6 mounted, distance between part 3&4/5&6
Part 3/5 & 1 mounted, angle between surface of part 1 facing the light bar and a vertical plane

 A (mm) 18 22 29 22 25 38 35 35 37
 B (mm) 25 24 25 23 26 10 10 10 12
 C (mm) 25 29 34 27 36 9 11 11 20
 D (mm) 24 26 26 25 26 12 11 11 13
 E (mm) n/a n/a n/a n/a n/a 7 5 5 8
 F (mm) n/a n/a n/a n/a n/a 6 6 6 6
 G (mm) 11 25 20 28 27 9 6 6 16
 H (mm) 0 0 3 0 6 7 6 6 9
 I (mm) 4 3 4 1 4 11 14 14 7

V70
 gen 2 (0

0-0
7)

XC70
 gen 2 (0

0-0
7)

V70
 gen 3 (0

8-16
)

XC70
 gen 3 (0

8-16
)

XC90 gen 1 (
03-14

)

XC60 gen 2 (17
-)

V90 (16
-)

V90 CC (16
-)

XC90 gen 2 (16
-)
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H:
I:

Elevated 
style rails

Lower style 
rails

Figure 44. Table of detailed measurements.

20mm / 16mm

r = 6400mm

FRONT VIEW

LED light bar

Figure 46. Vertical bending radius.

30 | RESULTS



4.4  Operate
This chapter describes the results from the last phase 
where all deliverables were produced.

4.4.1  Deliverables
The final CAD modeling resulted in CAD models 
(figure 47) and drawings (figure 48), which together 
formed a manufacturing basis for the mount. The 
manufacturing basis for the LED light bar was already 
formed at the end of the last chapter as it did not need 
a CAD model due to the decision to use their existing 
light bar as a base.

Figure 47. Final CAD model assemblies.

The second 3D printing session resulted in the re-
maining deliverable, namely, the functional prototype 
(figure 49). This prototype was a replica of the resulting 
product except for the lack of locking mechanism, 
rubber liners, and the plastic material.

4.4.2  Finalization
The final activity where the 3D printed prototype was 
supposed to be tested on the Volvo models with the 
ordered double curved light bar turned out to be a bit 
of a setback. With the faulty received light bars, final 
tests were incomplete and it was uncertain if the light 
bar supplier really could bend the bar in two ways. This 
prevented the ordering of the mounts from the ma-
nufacturer and instead a new order for double curved 
light bars was placed. As the mount was tested on the 
Volvo models without the light bar, compatibility to 
the car was confirmed with the new dimensions and 
design.

Figure 49. Final functional prototype.
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Figure 48. CAD model drawings.
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FINAL CONCEPT
This chapter describes the resulting concept. The final con-
cept consists of two products meant to function together 
as an overall solution for those who intend to mount a LED 
light bar to the roof of a Volvo. The first, and major, pro-
duct is the mount and the second is the LED light bar itself.



5.1  Mount
The mount comes in two different versions, one for 
elevated style rails and one for the lower style rails 
(figure 50). Each version consists of four separate parts 
per side (figure 51), parts on one side are exact mirror 
copies of the other side. The parts are held together 
with four screws per side. The mount is attached to 
each side of the light bar and is shaped to appear as an 
extension of the bar (figure 52). The mount attaches to 
the car via two parts clamping around the rails of the 
car (figure 53).

Figure 50. Different versions for different rail styles.

Figure 51. Separate parts in each version.

The power cable for the LED light bar is led out from 
the light bar via an internal canal emerging hidden on 
the inside of the rails (figure 54). The mount allows 
adjustment of the light output angle (figure 55) and 
features a lockable cover covering all screws (figure 
56). The locking mechanism is missing in these visua-
lizations as it is the manufacturer’s mission to place it 
where suitable.

34 | FINAL CONCEPT



Figure 54. Power cable emerging on the rail inside.

Figure 53. Parts clamping aroud the rail.

Figure 52. Mount attached to the edge of the LED light bar, seen from the back.
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Figure 55. Adjustable angle of the light bar.

Figure 56. Lockable casing covering all screws.
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5.2  LED light bar
The LED light bar is similar to other light bars on 
the market but unique in the way it is curved. Single 
curved light bars are not unusual on the market today. 
Seen from above, these bent light bars are curved along 
the front portion of the car to blend in when mounted 
for example in front of the car grille.

The light bar in this concept is double curved (figure 
57), that is both curved as the bars described above and 
curved vertically along the roofline. This makes the 
light bar blend into the car when seen from the front 
or back as it follows the curvature of the roof (figure 
58).

Figure 58. LED light bar curved along the roofline.

Figure 57. Double curved light bar.
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5.3  Overall concept
Together, these two products form a complete solution 
(figure 59). The plan is to sell the products as a comple-
te package.

Figure 59. Overall concept.
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DISCUSSION
In this chapter, discussions regarding the method, process, 
and result are presented as well as relevance and relations 
of the project. Suggestions for future work are also given.



6.1  Process
The CDIO framework was chosen as it suited the 
objectives of this project. The goal was to both develop 
a concept and produce deliverables, the two last phases 
of CDIO, implement and operate, focuses on these spe-
cific activities. Furthermore, the two first phases have 
a human-centered approach were the user needs are 
sought after and creative ideas are developed with the 
help of humans.

The results of this project do not completely originate 
from the chosen process, some other process with simi-
lar phases could surely produce comparable results. The 
importance is in the human-centered design approach 
where the needs of the user are the starting point. Also, 
a rigorous pre-study is of importance to assure a rele-
vant and feasible result.

6.2  Method
Initially, the focus was laid on the mounts only. Along 
the way of developing these, ideas regarding the ap-
pearance of the LED light bar emerged. The decision 
to aim for an overall solution including both mounts 
and the light bar significantly increased the value and 
uniqueness of the final result. The downside with this 
decision was the fact that the light bar development 
stole time from the development of the mounts. Due 
to the timeframe, there was no time to develop several 
parallel concepts for the mounts, instead, several ideas 
were created and converted into one concept that was 
iterated to the final concept. With this in mind, it is 
possible that the mounts could have been potentially 
better in some way or perhaps have been sent off for 
manufacturing if the LED light bar would have been 
excluded. However, the benefits of the overall concept 
outweigh its downsides.

The field study turned out to be more valuable than 
first expected. I found myself returning to the table 
with measurements in every phase of the project. It 
provided confirmation and prevented faulty dimen-
sions and geometry. Not only were the results of the 
field study valuable, the study itself provided both 
opinions and inspiration. It gave me the opportunity to 
meet some of the stakeholders and familiarize myself 
with the Volvo models of interest.

The workshop resulted in mostly unrealistic ideas but 
at the same time, it provided new perspectives and way 
of thoughts that would otherwise have been missed. 
This could possibly derive from the young age span of 
the participants, where the youngest was only 11 years 

old. If the ages would have been higher, the number of 
realistic ideas could potentially increase but the risk, in 
this case, is the potential loss in divergent and out-of-
the-box ideas.

6.3  Result
The first chapter presented the desired process of an 
industrial design engineer. The first step was to under-
stand the problem and the next to perform a pre-stu-
dy. After this, an iterative design process built upon 
thought out creative methods was to be deployed. The 
content of these stages corresponds very well to the 
content of the phases in the CDIO-process used in this 
project.

All the effective laws presented in the laws and regula-
tions chapter were considered and met. This theory had 
to be followed meticulously as the resulting product 
endangered an illegal execution otherwise.

The theory presented several advantages when using 
aluminum compared to steel and plastics, the main 
downside was the high cost. In this application, using 
aluminum would most likely involve machining to 
achieve the demanded tolerances. In the theory chap-
ter, this manufacturing method was presented as a slow 
and costly process. Thanks to Vparts existing network 
of manufacturers and suppliers, aluminum could still be 
chosen as it was our desire. Not only was it the same 
material as the light bar, it also provided corrosion resi-
stance and a low density.

The DFA guidelines suggested an optimized part 
count. The resulting mount product of the project in-
volved two different versions each consisting of 8 parts. 
If these were to be manufactured with a technique 
using molds it would be terribly costly. However, with 
the machining technique, the extra cost for parts with 
small differences is not as significant. Common faste-
ning systems were used to reduce the cost of screws, all 
screws in the concept were International Organization 
for Standardization (ISO) metric M6 screw. This was 
also found in the DFA guidelines. Packaging and hand-
ling from bulk were not considered as the timeframe 
did not allow it.

When it comes to aesthetics, one could say that the 
principle of maximum effect for minimal means app-
lies. Externally, the concept has a simple appearance 
with the lack of protruding objects, handles, and inte-
ractive features. However, the shape and integration of 
the mounts to the curved light bar creates interest and 
an appealing look. The MAYA principle applies to the 
mounts. When mounting something on the roof of a 
car, roof racks are the go-to solution, the common way. 
The mounts in this concept remind of mounts found 
on roof racks that also clamps around the rail but these 
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“I found myself returning to the table 
with measurements in every phase of 

the project.”



lighting were present before this project even started 
but this concept provides accessibility as described 
above and thereby also contributes when it comes to 
driving safety. This applies not only to the user but also 
to the society in general.

For Vparts, this concept opens up for sales of a uni-
que overall solution. It gives them a broadened range 
of products and a new customer group as the general 
market for LED light bars is broadened.

6.5  Continued work
For future work, it is suggested to both develop this 
specific type of solution and to look for other over-
all solutions. As the appearance of the LED light bar 
highly affects the mounts in the case of this project, the 
focus should be on making a slim and effective light 
bar to start off with. Other overall solution should be 
researched to possibly develop even more adjustability 
and an appealing aesthetics.
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mounts have a much slimmer and aerodynamic look 
to them. That is, the optimal combination of the two 
aspects of the MAYA principle.

The aerodynamics theory explained two main aspects 
of automotive aerodynamics. The frontal pressure 
created was hard to cope with as the LED light bar 
had a fixed design. The mounts were given a very flat 
front surface to blend into the profile of the light bar. 
Neither the light bar nor the mounts were very effi-
cient regarding this aspect. However, the stronger force, 
rear vacuum, was handled with slanted and smooth 
surfaces on the mount guiding the air to the hole of 
vacuum created behind them.

6.4  Relevance and relations
The user is provided with an overall solution to its 
needs. It is no longer necessary to first search for a 
LED light bar having a suitable width, then search for 
mounts adaptable to the specific car and finally hope 
for the light bar and mounts to be compatible and 
functional. The outspoken theft issues from the results 
chapter are also handled.

Some drivers avoid the dark as it brings increased risks 
due to the reduced visibility. Solutions for auxiliary 

“Solutions for auxiliary lighting were 
present before this project even

started but this concept provides
accessibility”



CONCLUSIONS
This chapter discusses how the research questions 
stated in the introduction have been answered 
and how the objectives and aims have been met.



7.1  Research question
Here, the research questions are described and an-
swered one by one.

7.1.1  How can theft security be implemented?
This question intended to explore ways to implement 
security as LED light bars are attractive to thieves. The 
theft security styleboard (Appendix H) showed seve-
ral partial solutions that could easily adapt to a light 
bar. These included security nuts and bolts as well as 
tight-fitting caps to hammer in place. All of the solu-
tions were more or less permanent, some could not be 
removed without brute force and damage, and some 
could be tampered and removed by the skilled thief.

The idea emerging from the individual brainstorming, 
where each bolt was hidden accordingly as the next 
component was attached, was found interesting. The 
downside of this solution was that the last attached 
component was left with exposed fasteners (figure 60). 
In the resulting concept, this idea was used in combi-
nation with a lockable cover hiding these otherwise 
exposed fasteners. This solution provided theft secu-
rity at the same time as it was both easy to install and 
remove for the user.

7.1.2  How can adjustability be implemented?
Adjustability was needed to handle the different 
measurements and profiles of the rails, the different 
widths of the rails and height above the roofs. Angular 
adjustment was also needed to allow tweaking of the 
light output angle. Both the triggered brainstorming 
and the adjustability styleboard provided interesting 
ideas. Many of them included mechanical arrange-
ments to allow for linear or angular adjustability. Some 
ideas from the brainstorming were touching the type 
of adjustability found in the final solution. These were 
ideas where different variants were utilized in order to 
create adjustability.

In the final concept, adjustability was implemented 
with the different versions of the components (figure 

61) forming the overall concept. As the rail profiles 
were very different, one elevated and one not, varia-
tions in the parts of the mount attaching to the rails 
were almost mandatory. As it turned out, the LED 
light bar could handle the major differences in width 
between the rails. The supplier of light bars was able 
to supply a pair of different widths leaving only small 
differences for the mounts to take care of.

The angular adjustment requested was created as the 
screw attaching part 3 respectively 5 to part 1 acted as 
a pivot point (figure 62) so that the parts could rotate 
in relation to each other. The heightwise adjustability 
was excluded as the rail height above the roof was very 
similar within the two different rail profile categories. 
With this, the vertical light bar positioning could be 
fixed.

7.1.3  How can the overall solution aesthetical-
ly blend into its context?
Aesthetics were a major part of this project right from 
the introduction where it was stated that the traditional 
lights often impaired both aerodynamics and aesthetics. 
In the theory, it was also stated that the aesthetics affect 
the way products are recognized and understood. The 
difficulty, in this case, was the fact that it should not 
only be aesthetically pleasing in itself but more impor-
tantly, as a whole in its context.
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Figure 60. Exposed fasteners.

Figure 61. Component variations.

Figure 62. Center screw acting as a pivot point.



light bar but also an overall concept including a model 
specific mounting solution. The very important aspect 
of theft security is included as the concept is lockable 
and the aesthetics is well thought out to blend in with 
the models of interest. This contribution to the market 
is unique, both with the theft security and the overall 
model specific solution.

The objective was to produce a complete manu-
facturing basis for the final solution. It was stated that it 
would consist of a CAD model, drawing, and a proto-
type. Furthermore, the manufacturing basis should be 
sent off for fabrication. The solution itself was supposed 
to be attached to the rails of a number of Volvo models 
without impairing the vehicle. Additionally, it had to 
fulfill a number of stated requirements. It had to utilize 
theft security, aerodynamics, aesthetics, and adjustability.

The final solution met all of these requirements. It 
adapted to all five primary models stated in the in-
troduction and four of the five secondary models. 
In all cases, it attached to the rails without harming 
the vehicle. The solution only interacts with the rails, 
where rubber liners are placed to prevent any scratches 
or other damages. The aspects of theft security, adjusta-
bility, and aesthetics are discussed earlier in this chapter 
and aerodynamics is discussed in the previous chapter.

All the deliverables were produced on time and the 
manufacturing basis for the LED light bar was sent 
away for fabrication. The received light bar was faulty 
which made the final testing of the overall concept 
impossible. The mounts were supposed to be fabrica-
ted by another manufacturer than the one supplying 
the light bar. Therefore, we wanted to test the light bar 
with the mount prototype before putting the mounts 
in production to make sure everything was compatible. 
As a consequence of this, combined with the given 
timeframe, the manufacturing basis for the mounts was 
not sent away. Instead, a new order of the LED light 
bar was placed.

The results of the lineboard (Appendix C) summa-
rizing the design language in the Volvo models of 
interest were hard to implement on the, relative to a 
car, small product that was the outcome of this project. 
As the LED light bar had a fixed base design and the 
mounts were supposed to blend into it, things got even 
trickier. Furthermore, it was desirable to make the light 
bar as wide as possible to make room for as many LED 
light sources as possible. The mounts had to work as 
translators, connecting the design of the light bar to the 
design of Volvo, making the overall solution blend into 
the car.

The mounts were given a shape that reminded of 
Volvos side mirror covers found on almost all of the 
models of interest. As the mounts were connected 
directly to the car, they were given a similar language 
as that of Volvo to blend in. The LED light bar was cur-
ved to match the roofline and blend into the top of the 
car. The profile of the light bar housing continued over 
to the mounts (figure 63) making the overall concept 
look as one singular product.

7.2  Objectives and aims
The aim stated in the introduction was that an exis-
ting market would be broadened. The LED light bar 
market of today is rather uniform, most differences are 
found internally in the optics and technicalities, their 
appearances are roughly the same. The final concept 
of this project presents not only a redesigned LED 

“This contribution to the market
is unique, both with the theft

security and the overall model
specific solution”
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“The mounts had to work as transla-
tors, connecting the design of the light 

bar to the design of Volvo”

Figure 63. Mounts blending into the LED light bar.
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Interview with Per Ny-
gren, founder of PN 

montage, regarding 
LED light bars and 

roof mounts 
in general.

What are your experiences of roof
     mounted LED light bars?

Do LED light bars produce enough 
heat to cause possible problems
  when mounted close to the roof?

How would you go about attaching
    something to the rails of a car?

Do you know of any existing pro-
ducts that allow roof mounting
                             of LED light bars?

When comparing different LED 
light bars, are there differences 
when it comes to mounting points?

How do you usually implement
             theft security in your work?

Are there any other aspects 
or thoughts you would like to 
point out in the context of roof
               mounted Led light bars?

Thanks

Q

APPENDIX A  INTERVIEW QUESTIONS 1(1)
Form with interview questions.



Theft security
Model specific

Aesthetically 
appealingTotal 

solution

Car intact after 
mounting

Adjustability,
lengthwise

Adjustability,
width

Adjustability,
height

No

No

Yes, one model

-

Yes, two models

Yes

BENCHMARKING

Ledstars

Ledstars

Awimex, Radiopower,
Bilupplysningen, Xenonkungen

1
    5

5
    5

APPENDIX B  BENCHMARKING 1(4)
Existing products competing with the product of this project are presented as well as their strengths and weaknesses.



HBA

911 signal,
Radiopower

Mega-flash

Theft security
Model specific

Aesthetically 
appealingTotal 

solution

Car intact after 
mounting

Adjustability,
lengthwise

Adjustability,
width

Adjustability,
height

No

No

Yes, one model

-

Yes, two models

Yes
1

    5
5

    5

APPENDIX B  BENCHMARKING 2(4)



Ledson

Ledson

Comp-lux

Theft security
Model specific

Aesthetically 
appealingTotal 

solution

Car intact after 
mounting

Adjustability,
lengthwise

Adjustability,
width

Adjustability,
height

No

No

Yes, one model

-

Yes, two models

Yes
1

    5
5

    5

APPENDIX B  BENCHMARKING 3(4)



Standby

Standby

Theft security
Model specific

Aesthetically 
appealingTotal 

solution

Car intact after 
mounting

Adjustability,
lengthwise

Adjustability,
width

Adjustability,
height

No

No

Yes, one model

-

Yes, two models

Yes
1

    5
5

    5

APPENDIX B  BENCHMARKING 4(4)



No. Material Manufacturing
method Adjustment Attachment to light bar Attachment to car

1 Steel Stamped steel sheet - Hole for screw joint to light bar Hole for screw joint to roof or 
rails

2 Steel Stamped and bent steel sheet - Hole for screw joint to light bar Hole for screw joint to roof or 
inside of a-pillar

3 Stainless steel Stamped and bent steel sheet Slotted holes Hole for screw joint to foothold Clamped to rail

4 Steel Stamped and bent steel sheet - Hole for screw joint to foothold Clamped to rail

5 Stainless steel Stamped and bent steel sheet Several alternative 
holes Hole for screw joint to light bar Hooked to edge of roof or rail

6 Plastic Injection molded plastic - Hole for screw joint to light bar Magnets mounted to roof

7 Aluminum Molded aluminum - Hole for screw joint to light bar 
or foothold Clamped to rail

8 Aluminum Molded aluminum - Hole for screw joint to light bar 
or foothold Clamped to rail

9 Aluminum Molded aluminum - Hole for screw joint to light bar 
or foothold Clamped to rail

10 Stainless steel Stamped and bent steel sheet Several alternative 
holes Hole for screw joint to foothold Clamped to rail

11 Stainless steel Stamped and bent steel sheet Several alternative 
holes Hole for screw joint to foothold Clamped to rail

Functional decomposition

BENCHMARKING

No. Brand Price
[SEK] Lengtwise Width Height Theft

Security
Aesthetics

[1-5]
Model-
specific

Complete
solution

Car
intact

1 Ledstars 799 No No No No 2 No Yes No

2 Ledstars 699 No No No No 3 No Yes No

3 Awimex, Radiopower, Bilupp-
lysningen, Xenonkungen

1395-
1445 Yes Yes No No 2 V70 + XC70 No No

4 HBA 949 No No No No 2 V70 + XC70 No No

5 911 signal, Radiopower 450-
749 No Yes No No 2 No Yes Yes

6 Mega-flash 1595 No No No No 2 No No Yes

7 Ledson 269 No No No No 3 No Yes No

8 Ledson 249 No No No No 3 No Yes No

9 Comp-lux 220 No No No No 2 No Yes No

10 Standby - Yes No No No 2 V70 No No

11 Standby - Yes No No No 2 V60 + XC60 No No

BENCHMARKING
Adjustability

APPENDIX C  EXTENDED BENCHMARKING 1(1)
In addition to the benchmarking these tables included a functional decomposition and information regarding manu-
facturing and materials.



APPENDIX D  LINEBOARD 1(1)
The design languages used in the models of interest are presented highlighting prominent lines.
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Interview with Per Ny-
gren, founder of PN 

montage, regarding 
LED light bars and 

roof mounts 
in general.

What are your experiences of roof
     mounted LED light bars?

Do LED light bars produce enough 
heat to cause possible problems
  when mounted close to the roof?

How would you go about attaching
    something to the rails of a car?

Do you know of any existing pro-
ducts that allow roof mounting
                             of LED light bars?

When comparing different LED 
light bars, are there differences 
when it comes to mounting points?

How do you usually implement
             theft security in your work?

Are there any other aspects 
or thoughts you would like to 
point out in the context of roof
               mounted Led light bars?

Thanks

Q A
Till this day we have only been roof mounting LED light bars 
onto vans, usually we use model specific roof racks in these ca-
ses. When we roof mount flash light bars we usually mount them 
to the rails of the car.

We have not experienced any problems of this kind. The heat 
sinks of LED light bars are quite effective.

The mounting points are pretty much the same on all brands. 
Some early models came without mounting points on the sides 
but today it is basically standard that there are points both in 
the sides and beneath for mounting.

Usually we use model specific rails clamping mounts from 
Awimex, these are actually adapted for flash light bars but can 
be used as a base for most of our missions. In some cases we 
have drilled holes in the rails and used pop-nuts. Roof racks can 
also occur in some cases.

Theft security is something that customers demand more and 
more, several customers have had their light bars stolen. We 
have started to use anti-theft bolts with special patterns to 
make it harder loosen the bars.

As mentioned we use rail clamping mounts from Awimex quite 
a lot. We have also used purpose made magnets to mount flash 
light bars to the roof, they work surprisingly well I must say.

Customers are very happy if the car is untouched after the moun-
ting, if there is a solution where no drilling or such is needed to 
the car I think that is very valuable. Also, in the event of selling 
a vehicle customers often wants to remove auxiliary equipment. 
With this in mind, a mount that enables easy removal is much 
appreciated.

APPENDIX E  INTERVIEW 1(1)
Questions and answers from the interview with Per Nygren at PN montage.



JUSTERBARHETADJUSTABILITY

APPENDIX F  ADJUSTABILITY STYLEBOARD 1(1)
Pictures of inspirational and interesting adjustability solutions summarized on a page.



INFÄSTNINGATTACHMENT

APPENDIX G  ATTACHMENT STYLEBOARD 1(1)
Pictures of inspirational and interesting attachment solutions summarized on a page.



STÖLDSÄKERHETTHEFT SECURITY

APPENDIX H  THEFT SECURITY STYLEBOARD 1(1)
Pictures of inspirational and interesting theft security solutions summarized on a page.



APPENDIX I  INDIVIDUAL BRAINSTORMING 1(1)
Ideas formed under the individual brainstorming session.



APPENDIX J  BACKWARDS PRODUCTNAMING 1(1)
Ideas formed under the backwards product naming session.



APPENDIX K  TRIGGERED BRAINWALKING 1(1)
Ideas formed under the triggered brainwalking session.



APPENDIX L  IDEA CATEGORIES 1(2)
Sketches representing the different idea categories defined during the cluster session.
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APPENDIX M  LIGHT BAR AESTHETICS 1(3)
Explorations of the aesthetics using LED light bars curved in different ways.
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