
MASTER’S  THESIS
2005:249 CIV

KRISTINA BULIN
TOWE NORDIN

Combined Sun Protection
& Blackout System

MASTER OF SCIENCE PROGRAMME
Ergonomic Design & Production Engineering

Luleå University of  Technology
Department of  Human Work Sciences

Division of Industrial Design

2005:249 CIV • ISSN: 1402 - 1617 • ISRN: LTU - EX - - 05/249 - - SE



Combined Sun Protection & Blackout System 

 

Preface 
This thesis was carried out by us, two design engineering students from Luleå University of 
Technology, at Volvo 3P in Gothenburg. We started our work in August 2004, during the 
hottest week of the summer and finished a cold day in January 2005. It has been five very 
interesting months. We have learned very much about sun protection, blackout, trucks in 
general and of course project work. We could not have completed this project without the 
help from a lot of people at Volvo 3P, Luleå University of Technology and other companies 
and universities. Thank you all! We would specially like to thank all people we came in 
contact with at Cab Interior for making us feel so welcome, answering all our questions and 
helping us. A special thanks to our three supervisors Ulf Torgilsman and Jörgen Lorentzon at 
Volvo 3P and Anders Håkansson at Luleå University of Technology for all their time and 
help. Another special thanks to Per-Arne Andersson and all his colleagues in the cab 
workshop that helped us with the tests and always had time to answer our strange questions. 
Now we know how to dismantle a dashboard! Special thanks also to Björn Lager at Product 
Design that gave us access to Alias and took the time to help us although we did not belong to 
his department. Thanks to all drivers who took part in our inquiry and to Nils Hanssons Åkeri, 
JTW Transport and Galliker for letting their employees participate.  
 
 
 
 
Luleå 050323 
 
 

    
 
Kristina Bulin       Towe Nordin 



Combined Sun Protection & Blackout System 

 

Sammanfattning 
Examensarbetet, Combined Sun Protection & Blackout System, utfördes på Volvo 3P i 
Göteborg mellan augusti 2004 och januari 2005. Målet var att genomföra en undersökning av 
lastbilsförares behov och önskemål angående solskydd och mörkläggningsutrustning i 
lastbilshytten och att därefter utveckla ett system som tillgodoser kundernas och Volvo 
Lastvagnars krav. 
 
I dagens hytt finns två nedfällbara solskydd i vindrutan. De kan vinklas i olika lägen för att 
passa förare av olika längd. Även i förarsidans sidoruta finns ett nedfällbart solskydd. Det kan 
skjutas i horisontalled för att täcka olika delar av rutan. För mörkläggning av hytten används 
gardiner. De är placerade bakom sätena och kan dras ut för att täcka sidorutan och halva 
vindrutan. Det finns även en gardin som delar av förarutrymmet från sovutrymmet. Endast en 
bilmodell, Globetrotter XL, har en taklucka med glasruta. Där används en rullgardin för både 
solskydd och mörkläggning. 
 
Dagens system utvärderades genom intervjuer med 21 lastbilsförare. Undersökningen visade 
att systemet måste ha större justeringsmöjligheter för att passa förare av olika längd. Andra 
problem som framkom var svårigheten att nå delar av systemet och att det finns glipor där ljus 
kommer in. Många förare hade önskemål om ett myggnät i takluckan.  
 
Genom benchmarking kunde det konstateras att alla konkurrenter, förutom Scania, erbjuder 
rullgardiner i sina största modeller. I stort sett alla modeller använder gardiner till att 
mörklägga hytten. Endast Renaults största lastbil, Magnum, använder rullgardiner både för 
solskydd och mörkläggning.  
 
Det system som framtagits består av rullgardiner i vindrutan, sidofönstren och takluckan samt 
gardiner för mörkläggning av sidofönstren. Rullgardinen i vindrutan är motordriven men kan 
även dras ner manuellt. Inga glipor uppstår eftersom guideskenorna är dolda i A-
stolpsbeklädnaden. Rullgardinen kan sänkas ner till instrumentbrädan och fungerar därför 
även som mörkläggning. För att förhindra att rullgardinen sänks ner för långt under körning 
finns ett säkerhetsreglage som måste användas när mörkläggningsläget ska aktiveras. 
  
I sidorutan används rullgardinen endast som solskydd. På förarsidan är den manuell men ett 
motordrivet alternativ erbjuds. För passagerarsidan finns möjligheten att välja antingen en 
motordriven rullgardin eller inget solskydd alls. Rullgardinerna ligger i en dörrbeklädnad 
utanpå vilken guideskenorna är placerade. För att guideskenorna ska kunna följa fönstrets 
sluttande form finns ett fjädersystem i rullgardinens nedre stång. 
 
Systemet i tackluckan består av två manuella rullgardiner. Den övre är ett myggnät medan den 
nedre består av ett ljustät material. För den ljustäta rullgardinen finns även ett motordrivet 
alternativ. 
 
Mörkläggningsgardiner används som ett komplement till systemet. De fästs i gardinskenan 
med clips som klickas i.  
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Abstract 
This master thesis, Combined Sun Protection & Blackout System, was carried out between 
August 2004 and January 2005 at Volvo 3P in Gothenburg. The aim of the project was to 
conduct a thorough investigation of truck drivers’ needs and desires regarding sun protection 
and blackout equipment in the cab and thereafter to develop a concept for a new system that 
met the customers’ and Volvo Truck’s requirements.  
 
In the current cab there are two plastic fold down sun visors in the windshield that can be 
angled into different positions. There is also a plastic fold down sun visor in the side window, 
which can be slid horizontally in a rail to cover different parts of the window. Only the 
Globetrotter XL truck has roof hatch with a windowpane. Because of this it has a sun 
protection and blackout blind which can be put into four different positions. Curtains are used 
to black out the cab. They extend from behind the side doors to the middle of the windshield. 
There is also a curtain that separates the driving area from the sleeping area. 
 
The current system was evaluated through interviews with 21 truck drivers. The inquiry 
showed that to suit drivers of different heights the system needs greater adjustment abilities. 
Other problems included difficulty to reach parts of the system and gaps where light entered. 
Many drivers also wished for a bug net in the roof hatch. A benchmark showed that all 
competitors except for Scania provide different blind systems, although they are often 
optional in their biggest models. Only Renault’s biggest truck, the Magnum uses the blinds 
for both sun protection and blackout. In the other models curtains are used for blackout.  
 
The new system consists of blinds in the windshield, side window and roof hatch and is 
supplemented with a pair of curtains to black out the side window. The motorized windshield 
blind allows manual pull down and its guide rails are hidden and integrated with the A-pillars 
so that no gaps appear. The blind can be lowered all the way down to the dashboard thus 
working as both sun protection and blackout. To avoid the blind being lowered to far a safety 
button has to be pushed at the same time as the blind control button when activating the 
blackout position.  
 
For the side window the blind is used only for sun protection. On the driver side a manual 
blind is used but a motorized roller blind is provided as an option. On the passenger side it is 
possible to choose whether to have sun protection or not. If this is desired the sun protection 
consists of a motorized roller blind. The blinds are placed in a window cover and visible guide 
rails are placed on the outside of the cover. To allow the guide rails to follow the inclined 
shape of the side window a spring system is attached to blind’s hem bar.  
 
The roof hatch system consists of two blinds. The upper one is a bug net. It is manually 
operated and can be either rolled up on the roller tube or drawn out completely. Beneath the 
bug net is an opaque blind which is manually handled and can be placed in four positions, 
covering one fourth, one half, three fourths or the entire roof hatch. A motorized roller blind is 
provided as an option. 
 
To complete the system curtains are used to black out the side windows. They are attached to 
the curtain rails by “click-in” clips. 
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1 Introduction 
This Master thesis, Combined Sun Protection & Blackout System, (20.0 points/30.0 ECTS) 
was conducted at the Interior Trim Group at Volvo 3P in Gothenburg between August 2004 
and January 2005. It is the final part of the MSc Programme in Ergonomic Design and 
Production Engineering, (180.0 points/ 270.0 ECTS) at Luleå University of Technology. 

1.1 Background 

1.1.1 Volvo 3P/Volvo Trucks 
Volvo Group consists of 17 business units, e.g. Volvo Construction Equipment, Volvo Buses 
and Volvo Powertrain. There are three truck companies in the group, Volvo Trucks, Renault 
Trucks and Mack. All three companies are served by Volvo 3P which is a business unit within 
the group that works with product planning, product development, purchasing and product 
range management. 
 

 
Figure 1. Mack, Renault and Volvo (from Volvo Group homepage) 

1.1.2 Different Types of Trucks and Cabs 
The Volvo truck program for the European market consists of three models, Volvo FL, Volvo 
FM and Volvo FH. Each model can be divided into several sub models either by engine or 
cab type.  
 
The FL is a small truck with a day cab. It is mainly used for distribution and other tasks that 
require the driver to frequently get in and out of the cab. 
 

   
 Figure 2. Volvo FL exterior (from Volvo Group Figure 3. Volvo FL exterior (from Volvo Group 

homepage) homepage)    
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The FM is a bigger, heavier and more powerful truck. The cab is more spacious with a higher 
ingress, but it is still quite easy to get in and out of several times a day. The cab is available in 
two lengths and heights. The longer cab can be fitted with beds. The FM cab is mainly used 
for construction and local/regional transport. 
 

  
 Figure 4. Volvo FM9 (from Volvo Group homepage) Figure 5. Volvo FM12 (from Volvo Group homepage) 
   
The FH is the biggest and most powerful truck model. The cab has an almost flat floor, it is 
placed on top of the engine and therefore only a small engine hood is in the way. This gives 
more space but also a very high ingress. The cab is available in two lengths and three heights. 
The FH is mainly used for long haul. 
 

    
 Figure 6. Volvo FH16 (from Volvo Group homepage) Figure 7. Volvo FH16 (from Volvo  
  Group homepage) 
 
On the North American and Brazilian markets other truck types such as the NH and VN are 
available. 

  
 Figure 8. Volvo NH  (from Volvo Group homepage) Figure 9. Volvo VN  (from Volvo Group homepage) 
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1.1.3 Existing System 
The current system for sun protection in Volvo’s FM/FH cabs consists of two windshield sun 
visors and one side window sun visor. Curtains are used to black out the cab. In the FHL2H3 
(the highest cab), also called Globetrotter XL, a blind is used for sun protection and blackout 
in the roof hatch. 
 
The windshield sun visors resemble those used in passenger cars. They are made of two 
halves of polypropene plastic that are welded together. In the H2 and H3 cabs the sun visors 
are attached to the front edge of the radio shelf and are folded down towards the windshield. 
In H1 cabs and H2/H3 cabs manufactured before 2001, the sun visor on the driver side is 
folded towards the driver and the one on the passenger side towards the windshield. This 
reduces the risk of sunlight entering through the gap between them. The sun visor length is 
847 mm and the width is 209 mm. The spacing between the sun visors, from now on referred 
to as the middle gap, is 26 mm. In the top of the sun visors are two steel axes that rotate in 
plastic holders, which are attached to the radio shelf. The holders contain springs, which 
makes it possible for the sun visor to be positioned in different angels. In the outer edge of 
both sun visors a plastic flap is fastened. This can be folded out to reduce the gap between the 
A-pillar and the sun visor. The cab has two A-pillars located between the side windows and 
the windshield. Their purpose is to support the cab roof, the windshield is attached to them, 
and they also take up energy in collisions to protect the driver.   
 

   
 Figure 10. Windshield sun visors  Figure 11. Flap on windshield sun visor 
    
The side sun visor is placed flat against the sidewall and can be folded down 180 degrees. It 
can be angled into different positions. The length is 510 mm and the width 158 mm. The sun 
visor can be slid horizontally in a rail to protect different areas of the side window. The 
adjustment range is 76 mm. The rail is currently made of aluminum but in trucks 
manufactured between 2001 and August 2004 it is made of plastic. The sun visor is made of 
two halves of polypropene plastic that are welded together. 
 

   
 Figure 12. Side window sun visor  Figure 13. Side sun visor folded down 
 (folded up) and curtain 
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To black out the truck, curtains are used. On the upper edge of the curtain, clips are sewn on 
approximately every 150 mm. The clips are fastened in an aluminum rail by pressing them 
against it. The rail extends around the front half of the cab so that the curtains cover the 
windshield and both side windows. Until recently the rail was made in two halves thus 
creating a joint in the middle of the windshield. While driving, the curtains can be fastened 
with a tie-back behind the seats. 
 
There is also a curtain that divides the sleeping compartment from the driving area. From now 
on it will be referred to as the divider. If there is a rear window and/or rear side windows 
these are also covered by curtains. 
 

   
 Figure 14. Curtains Figure 15. Divider 
 
Only the Globetrotter XL (FHL2H3) has a roof hatch with a windowpane. Other cab models 
have sheet metal roof hatches. The roof hatch is covered by a plastic weave blind, which is 
adjusted manually. It runs in aluminum rails mounted in a plastic frame. When the blind is 
drawn out it can be fastened in four different positions; covering one fourth, half, three fourths 
or the whole roof hatch. More pictures of the current system are found in Appendix 1. 
 

   
 Figure 16. Roof hatch with blind Figure 17. Blind completely covering  
  the roof hatch 
 
It is possible to have rear side windows in the cab but this is mostly common in countries with 
left-hand traffic. Some trucks used for construction have a rear window. These two window 
types have curtains for sun protection and blackout. 
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The coordinate system for the current cab is showed in the figures below.  
 

    
 Figure 18. Definition of the y- and z-direction Figure 19. Definition of the x- and z-direction 
 (after Volvo Group homepage)  (after Volvo Group homepage) 

1.2 Purpose 
There were several reasons why Volvo wanted this thesis work done. The current system for 
sun protection and blackout is based on a concept invented more than 20 years ago. 
Furthermore, there has never been a thorough investigation of the customers’ needs and 
desires. It is also known that the current system has caused some complaints. In addition to 
that, other brands have started to use other types of systems. Because of all this, Volvo wanted 
the customers’ needs and desires to be thoroughly investigated. Thereafter, a system that met 
those needs regarding sun protection and blackout was developed.  
 
Furthermore the purpose for the authors of the thesis was also to prepare for work life and to 
implement the knowledge gained during their time at university.  

1.3 Aim 
This project had two main aims. First, to conduct a thorough investigation of truck drivers’ 
needs and desires regarding sun protection and blackout systems. Second, to develop a 
concept that meets the customers’ and Volvo Truck’s requirements. 

1.4 Assumptions and Constraints 
The project was concentrated to long haul trucks since the drivers of these vehicles usually 
both work and sleep in the cabs. It was decided that the driver inquiry should include 30 
drivers driving as many different brands as possible. 
 
Since most long haul trucks only have a windshield, side windows and a roof hatch the project 
was concentrated to these three window types.  
 
The sun protection and blackout system should be adaptable to all drivers whose size is 
between the 5th and 97.5th percentile.  
 
Only conceptual designs were made and detailed technical solutions were excluded. Therefore 
it was not possible to determine any exact costs for the concepts or the involved components. 
 

Y 

 Z 

X

  Z
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Some attention was given to the styling such as the shape and color of the product but this 
was foremost from an ergonomic and functional point of view. No materials were chosen but 
requirements for material properties are presented. 
 
At the Interior Trim Group the CAD-program Catia V5 is used. Since the authors of this 
thesis were not familiar with this program and it would take a long time to learn, a trainee 
(studying CAD-Construction at Studium, Lindholmen) at the department did the CAD-
modeling.  
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2 Theory 

2.1 Vision 
Most people depend more on sight than on any other sense, it is our primary way to get 
information about the world around us. Seeing is a complex process, which is both 
physiological and psychological. The physiological process begins when light enters the eye 
through the pupil and strikes the retina. There, it is converted to electrical impulses which go 
through the optic nerve to the visual centers of the brain. The psychological process takes 
place in the visual centers, where the electrical impulses are interpreted. Our knowledge and 
expectations fills the voids where the information is incomplete. This means that what we 
know influences what we see. (Britannica Student Encyclopedia, 2004) 
 

2.1.1 The Eye 

 
 Figure 20. Anatomy of the eye (from National Eye Institute  
 homepage, National Institutes of Health, USA) 
 
The Iris and Pupil  
The iris is a ring shaped muscle, which regulates the size of the pupil. The amount of light 
that enters the eye depends on the size of the pupil. In a dark environment, the pupil dilates to 
let more light through and if it is too bright it contracts. The color of the iris depends on 
heritage and has no affect on vision. (Britannica Student Encyclopedia, 2004) 
 
The Lens 
The lens is situated behind the pupil and iris. It is held in place by the ciliary muscle that also 
controls its shape. Its purpose is to focus incoming light on the retina. The lens’ ability to 
change shape allows the eye to focus clearly on objects at various distances. This quality is 
called accommodation and deteriorates as a person grows older. The deterioration is more 
rapid after the age of 45. (Britannica Student Encyclopedia, 2004) When we are born the lens 
is colorless and nearly transparent but as the eye ages the lens turns yellow and loses some of 
its transparency. Because of this more light is needed to achieve normal seeing. The 
yellowing lens also causes the light to scatter over larger areas on the retina. (Dhawan, 2004, 
Karlsson, 2003) 
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The Retina and the Rods and Cones  
The retina consists of millions of light receptors; the rods and the cones. There are about 10 – 
20 times more rods than cones. The rods are concentrated in the periphery of the retina 
whereas the cones are principally located in the centre of it; in an area called the macula. In 
the centre of the macula is the fovea, which only contains cones. 
There are two types of vision, photopic or daytime vision and scotopic or night-time vision. 
Human vision is a combination of them both. The cones are responsible for the photopic 
vision. They need much light to function and allow us to see details and colors. The cones 
adapt rapidly (in eight minutes or less) to new light conditions.  
Scotopic vision occurs when the rods are stimulated by weak light. The rods contain a 
substance called visual purple or rhodopsin. This substance is bleached by strong light and 
therefore scotopic vision is inactive in daylight. The rhodopsin is regenerated in darkness. 
When entering a dark place the scotopic vision slowly begins to function, this is called dark 
adaptation and is a slow process which takes at least half an hour. The rods cannot detect 
details or colors; therefore scotopic vision is built up of light and dark tones. 
(AccessSience@McGraw-Hill, 2004) 

2.2 Light 

2.2.1 Light 
Light makes it possible to see. It consists of electromagnetic waves and thus has the same 
structure as for example radio waves and microwaves. The light visible to humans have 
wavelengths between approximately 400 – 700 nm. Some animals can also see ultraviolet 
(UV) light which has wavelengths approximately between 100 – 400 nm or infrared (IR) light 
with wavelengths approximately between 700 nm - 1000 nm. Although we cannot see UV 
light it affects the cells in our body in different ways, for example it is UV light that gives a 
tan. UV light can also damage eyes, skin and DNA. IR light is detected by humans as heat.  
 
Photopic vision is most sensitive to wavelengths around 555 nm, which corresponds to green. 
Scotopic vision, on the other hand, is most sensitive to wavelengths around 505 nm, which 
corresponds to blue. (AccessSience@McGraw-Hill, 2004) 
 

 
 Figure 21. Spectral sensitivity curves for 
  human vision (from AccessScience@McGraw-Hill) 
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2.2.2 Units for Measuring Light 
In the Encyclopædia Britannica Online (2004) the luminous flux, is defined as “the quantity 
of visible light that is emitted in unit time per unit solid angle”. It is measured in lumen, 
which is defined as “the amount streaming outward through one steradian (a unit of solid 
angle, part of the volume of space illuminated by a light source) from a uniform point source 
having an intensity of one candela”.  
 
Luminous intensity is measured in candela (cd) and is the luminous flux per unit solid angel 
in a given direction. 
 
Lux (lx) is the SI-unit for illumination. It is defined as the luminous flux per unit area. One 
lux equals one lumen per square meter. An older unit for illumination is the foot-candle, 
which sometimes still is used in the United States. 
Some examples of illumination from different sources (From Wikipedia):  

• Sunlight on an average day ranges from 32 000 (32 klx) to 100 000 lx (100 klx). 
• TV studios about 1 000 lx (1 klx). 
• Bright office about 400 lx. 
• Moonlight about 1 lx. 
• Starlight 0.000 05 lx (= 50 µlx). 

Illumination is used when the light source of the luminous flux is small relative to the distance 
between the source and the surface where the illumination results. ((AccessSience@McGraw-
Hill, 2004) 

2.2.3 Glare 
The definition of glare is, according to the Concise Medical Dictionary (2002), “the 
undesirable effects of scattered stray light on the retina, causing reduced contrast and visual 
performance as well as annoyance and discomfort.” Or more simply, a greater brightness than 
the one to which the eyes are adapted that makes it uncomfortable or hard to see. 
There are three types of glare:  

• Discomfort glare arises when the overall illumination is too bright, for example a 
snowy landscape with bright sun. Although this is unpleasant it does not necessarily 
affect the visual performance.  

• Disability glare means that a light somewhere in the visual field reduces the visibility 
of a target elsewhere in the field. This is caused by light from the glare source 
scattering in the cornea and lens and forming a veil of luminance that reduces contrast. 
This scattering increases as the lens becomes less transparent. Because of this glare 
sensitivity increases with age. Disability glare is often accompanied by discomfort. 
The glare source can be direct, i.e. the glare source is in the field of view, or indirect, 
i.e. the glare source is reflected in the field of view, for example the sunlight reflecting 
in a puddle on the road. 

• Blinding glare appears when the glare source is so intense that it causes temporary 
blindness. When the glare source is removed it is not possible to see any object for an 
appreciable length of time. ((AccessSience@McGraw-Hill, 2004, Dhawan 2004, 
Karlsson, 2003)  

The glare sensitivity is individual, it varies from person to person, but it also depends on 
other factors as well such as age and eye diseases. 
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2.3 Regulations Concerning Visibility 

2.3.1 Field of Vision 
There are not many regulations concerning sun protection. Visibility is regulated by a German 
legislation “Equipment for the Safe Driving of Vehicles”. The most important parts of this 
legislation are: 

1. “The forward field of vision is deemed to be adequate when the limit of vision – i.e. 
the boundary that the area on the ground which the driver cannot see owing the design 
of the vehicle – falls within a radius of 12 m." 

2. “For purposes of determining the limit of vision it is assumed that the driver’s eyes are 
at a single point (eye point) which lies perpendicular 700 mm above the unoccupied 
seat in its central position. The said perpendicular lies at a distance of 130 mm forward 
of the backrest and on the centerline of the seat. The limit of vision on the ground is 
measured from this point; the vehicle must be unladen.” 

3. “Unimpeded forward vision must be guaranteed from the baseline of a sector of 
vision, and that baseline must measure 9.5 m when measured as a chord on the semi 
circle of vision.”  

4. Obstructions caused by parts (e.g. doors and roof pillars, supports structures and so 
on) are permissible if there are not more then six obstructions. They also have to be 
under a certain size and spread apart by a certain distance. 

Concerning upward vision Volvo has a requirement that states that the upward vision must 
be at least 16 degrees. However, these visibility regulations mainly comply with fixed 
parts in the cab. For the sun protection this requirement is relevant for the initial position 
and not when it is folded/drawn out.  

2.3.2 Coloring 
Colored films and coatings on the windows reduce light transmission, which then might 
impair visibility. The degrees and wavelengths of the absorbed light vary for different films 
and coatings. An optically correct tinted windshield may be of benefit to the driver in strong 
sunlight but will reduce the eyes’ efficiency when light is scarce, e.g. during night driving. 
According to The Swedish Vehicle Inspection Company, Bilprovningen, the light 
transmission of a vehicle windshield must be at least 75 per cent. Regarding the side window 
the light transmission must be at least 70 per cent. Furthermore “Equipment for the Safe 
Driving of Vehicles” states that permanent sun protection, which covers the whole window, 
like colored films or coatings, is only permissible if “the window was already tinted when 
tested for type approval and the tinting was carried out during manufacture of the windows 
and is hence unchangeable”. This is to make sure that the window complies to the required 
transmittance. 

2.4 Anthropometry  
Anthropometry is the systematic collection of the human body’s measurements. It can be used 
to describe the variations in size in a specific population. Volvo’s product should be adapted 
to all humans between the 5th and 97.5th percentile. According to SAE J833 this corresponds 
to people with a height between 155.1 and 188.6 cm. However, these numbers are a bit out of 
date and an update is on the way. Since it is known that height is increasing in the population, 
the measurements of the 99th percentile have been used as the upper limit during this project. 
For a more thorough description of the 5th, 50th, 95th and 99th percentile human see Appendix 
2. 
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2.5 Safety 
According to Volvo, accidents involving heavy trucks (weight over 3.500 kg) in European 
traffic causes about 13 000 deaths each year. During the same period approximately 300 000 
people are injured. Only about six per cent are truck occupants, the rest are car occupants (54 
per cent) or unprotected people, for example bicycle riders and pedestrians (40 per cent).  
 
To reduce the numbers of deaths and injuries it is important to design for safety. There are 
two kinds of safety; active and passive. Active safety prevents accidents from happening, e.g. 
Anti-Lock Brake System and Anti-Spin System. Despite active safety, accidents still happen 
and then passive safety steps in to reduce the consequences. To keep the truck occupants safe 
in an accident it is important that they are kept in place, that enough survival space is 
provided and that the cab is impact friendly.  
 
Volvo is known for safety. Among all vehicle manufacturers Volvo is one of those that carry 
out the most rigorous crash tests. The most important test concerning the cab interior is the 
Head Impact Test, which simulates the truck occupant’s head hitting the interior in a crash. 
The test is performed according to the legislation FMVSS201, “Upper Interior Head Impact 
Protection”. A Free Motion Headform (FMH) with a weight of 4.6 kg is launched and then 
flies freely for 12 inches (304.8 mm) before impacting with different points in the interior of 
the cab at a velocity of 6.7 m/s. Inside the headform there are accelerometers that record the 
crash violence. This gives a value in HIC(d) (Head Impact Criteria). According to FMVSS201 
the HIC(d) value must not exceed 1000 in any target point. Volvo has higher demands, the 
HIC(d) can not exceed 750 at any point in the test area. There can also be no sharp edges in 
the cab that are likely to cause additional injuries. 
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3 Method 
When carrying out a complex project the work can be facilitated by using a systematic 
problem solving method.  

3.1 Gathering Information 
In the beginning of a product development process there is often a need to gather information. 
This can be information regarding a specific product or customer, background information 
and theories or information concerning methods that will be used during the project. In the 
beginning of the project, general information that gives an overview of or background to the 
problem is most useful. Later on, when the problem is better known, more specific and 
profound information is needed. Because of this information gathering is done throughout the 
whole development process. 

3.1.1 Study of Literature  
To study literature is one of the most common ways to get an overview of a subject. Literature 
includes for example books, research papers, theses, articles and web pages on the Internet. 
The literature can be either printed or electronic. When choosing relevant literature criticism 
of the sources, i.e. to form an opinion of the matter’s credibility, is important.  
 
Appropriate books, research papers and theses can be found in library catalogues. Articles can 
be searched in databases were information concerning related topics are gathered. To find 
web pages different search engines, e.g. Google and AltaVista can be used. 

3.1.2 Benchmark 
A benchmark is carried out to investigate the current situation on the market. The purpose is 
to find out which products are available and also to investigate the trends in the business. 
Appropriate steps in the benchmark is looking at the competitors and talking to suppliers. It 
can also be useful to look at other kindred products. 

3.1.3 Talking to Experts 
People who work with the current product or with adjacent areas have a lot of experience and 
knowledge and are therefore important resources in the product development process. 

3.1.4 Using the Product 
When the product development concerns an already existing product it is important to get to 
know it. A way of doing this is to use the product or, if not possible, to observe the product in 
use.   

3.1.5 Interviews and Inquiries 
An important aspect of the product development process is the customers’ opinion of the 
product. If the aim of the development is to improve an already existing product the 
customers are a useful resource. The customers’ opinion can be sought out with the aid of 
inquiries or interviews. 
 
In an inquiry the respondent is usually asked to answer a questionnaire containing a set of 
standardized questions. The respondent can be asked to choose the answer from a set of pre-
stated alternatives. These types of questions are easy to compile but they contain a restricted 
amount of information. If there are questions, which requires complex answers or where it is 
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hard to expect what will be answered the respondent can be asked to express the answer 
freely. These types of answers are more difficult to compile compared to answers with pre-
stated alternatives but they usually contain more information. The answer can also be given 
by estimating a value on a scale. This type of answers is common when the respondent is 
asked to appraise something, e.g. the quality of a product. A questionnaire is often quite easy 
to compile, especially if the greater part of the questions have pre-stated alternatives. It is also 
easy to distribute to several people at the same time. However, it is hard to write questions 
and instructions in a way that avoids misinterpretations. If the respondent can express the 
answers freely it might sometimes be hard to correctly interpret the answers. 
 
An interview differs from an inquiry by being an interaction between two people, the 
interviewer and the respondent. The questions can be of all types used in a questionnaire, 
however it is usually more common with open answers, i.e. no alternatives are given. During 
an interview there is a possibility to follow up the answers if there are any uncertainties or 
interesting new aspects. It might also be easier for the respondent to give a satisfying answer; 
some people find it hard to express themselves in writing. On the other hand interviews are 
many times harder to interpret and compile because of “spin-off” questions. It is also more 
time demanding to carry out an inquiry in this way since the interviewer only can talk to one 
person at the time. 
 
A population is the whole number of individuals studied in a statistical investigation, e.g. all 
students in a school, the beavers around a specific lake or the Volvo trucks in Sweden. In the 
beginning of a statistical study it is important to define the population of that specific inquiry. 
Are all individuals of interest or just those of a certain age, origin or gender? The population 
is usually too big to study all individuals and therefore a sample has to be picked out. There 
are several kinds of samples: 

• Representative sample – should correspond to the population. 
• Random sample – the individuals are chosen randomly.  
• Convenient sample – available individuals are studied. 

 (Trost, 2001) 
 
When looking at a statistical study it is important to know its reliability, which is a 
measurement of how consistently a study measures similar kinds of things. To obtain high 
reliability the following aspects must be taken into consideration: 

• Congruity – having resemblance between questions that intend to measure the same 
thing.  

• Precision – how the interviewer or the respondent register the answers.  
• Objectivity – how different interviewers register the answers. 
• Constancy – how the attitude or phenomena changes over time. 
• Validity – how well a measuring instrument measures what it is supposed to measure. 

If all aspects listed above are high then the reliability will also be high. 
 
When preparing a study it is important to keep these aspects in mind and consider them when 
framing the questions and writing the instructions. (Trost, 2001) 
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3.2 Clarifying the Task 
The purpose of clarifying the task is to make a clear, concise and solution neutral problem 
statement. To do this the problem must be thoroughly examined. This can be done through a 
variety of methods. The method, developed by Pahl and Beitz (2001), described below uses 
three steps to clarify the task.  
 
In the first step a problem elucidation, is done by answering the set of questions listed below:  

• What is the problem really about? 
• Which implicit wishes and expectations are involved? 
• Which tasks should the product be able to handle? 
• Which qualities must the product possess? 
• Are there any pre-fixed conditions in the task? 
• Which qualities can the product not possess? 
• Current technical situation? 
• Legal demands? Standards? 
• Technical trends, design trends, potential development? 
• Requests, desires concerning possibilities of changing performance and appearance? 

 
The answers are interpreted into a list of requirements or design specification. The list 
contains a number of main headings, which are chosen to suit the product under development. 
Under each headline a number of requirements that the product should fulfill are listed. For 
each requirement is stated whether it is a demand (D), i.e. must be fulfilled, or a wish (W), i.e. 
is preferable if it is fulfilled. If possible the functions should be given a limit or a target, e.g. 
weight – less than 2 kg. Table 1 shows an example of a list of requirements. 
 

D/W Demands/Wishes Limits 
   
 Geometry  
D Height Maximum 200 mm 
D Width 300 – 500 mm 
D Length Maximum 150 mm 
   
 Forces  
D Frequency 5 Hz 
D Weight Maximum 1,5 kg 
   
 Operation  
W Sound level Maximum 3 dB 
D Duration 10 000 h 

 Table 1. Example of a list of requirements 
 
By studying the list of requirements a neutral problem formulation, an abstraction, is 
formulated. An abstraction is done to shut out special cases and bringing forward what is 
essential and universal for all solutions. The abstraction is drawn up in five steps: 

1. Eliminate personal preferences. 
2. Omit requirements that have no direct bearing on the function and the essential 

constraints. 
3. Transform quantitative data into qualitative data and reduce them to essential 

statements. 
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4. Generalize the results of the previous step. That is to say rewrite to a few effective 
sentences. 

5. Formulate the problem in solution neutral terms.  
 
After the task has been clarified a more profound understanding of the problem is reached, 
which will ease the search for suitable solutions. The problem has also been summarized in a 
few solution-neutral sentences that will serve as a base for the next step in the development 
process, the idea generation. 

3.3 Idea Generation 
To come up with ideas is one of the major steps in the process of searching for a solution to a 
problem. By generating ideas that gradually are improved a feasible solution can be found. To 
facilitate the idea generation several methods can be used. 

3.3.1 Brainstorming 
In the beginning Brainstorming was a method performed by a group of seven people during 
exactly 45 minutes. Nowadays the name signifies idea generation methods where the thoughts 
flow freely. It is suitable to have brainstorming sessions in a group of five to 15 people with 
one leader. The goal is to produce as many ideas as possible without criticizing them. The 
quantity of ideas is more important than the quality. In this way the participants can be 
inspired to new ideas by looking at the ones already devised. 
 
There are four principal rules which apply to brainstorming: 

• Criticism is not allowed 
• Aim at quantity   
• Step outside the ordinary 
• Combine ideas 

(Hamrin and Nyberg, 1993) 

3.3.2 Matrix of Ideas 
A complex problem can be divided into several sub functions and then ideas can be generated 
for each sub function. The ideas are then compiled into a matrix of ideas where the sub 
functions are listed in one direction and the different ideas in the other. 
 

 Sub Function 1 Sub Function 2 Sub Function 3 
Idea 1   

 
 

  

Idea 2  
 
 

  

Idea 3  
 
 

  

 Table 2. Example of a matrix of ideas. (after Pahl and Beitz) 
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All ideas for sub function one can be combined with all ideas for sub function two and three 
and so on. By combining ideas for the different sub functions a great number of solutions can 
be created. 
 

 
 Figure 22. Examples of possible solutions generated from the ideas in the matrix 
 
If an idea for a complete solution is generated it could be divided into sub functions, which 
then are inserted in the matrix of ideas. (Pahl and Beitz, 2001) 

3.4 Idea Evaluation 

3.4.1 Evaluating and Excluding Ideas 
After a satisfying number of ideas have been generated these have to be evaluated to exclude 
unsuitable solutions. In the first step common sense can be used to exclude “crazy ideas”. 
These are ideas that are completely unsuitable or infeasible, for example if they require non-
existing technology. 
 
The remaining ideas have to be examined to see if they fulfill the requirements. For a start it 
can be hard to make sure that all demands are fulfilled and some assumptions might have to 
be made. If many ideas still remain this could first be done through discussion. When the 
ideas have been reduced to a more manageable number a more profound analysis can be done 
to assure that all demands are met. During this process ideas can also be combined and altered 
if this leads to a better solution to the problem. 
 
When a few satisfying ideas remain it is time to evaluate which one of them that best meets 
the requirements. This can be done through value analysis and evaluation charts. 

3.4.2 Value Analysis 
In a value analysis the importance of the criteria in the requirement list are decided. If the 
requirement list contains many criteria the most important can be picked out. It is possible to 
do the value analysis only for the wishes if it can be assumed that all solutions meet the 
demands equally. If there is a great difference in how well some demands are fulfilled these 
should be included.  
 
When it is chosen which criteria should be part of the value analysis each criteria is assigned a 
letter. Then they are compared two by two according to the following method: 

1. If A is more important than B two points are given in square A–B.  
If A and B is of equal importance, one point is given in square A–B. 
If B is more important than A, zero points are given in square A–B. 

2. Evaluate all criteria in this manner. 
3. Add vertically and put a minus sign in front of all sums. 
4. Add horizontally with regard to the signs of the numbers and the correction term.  

The correction factor is made up of a series of uneven numbers i.e. 1, 3, 5, 7… 
5. Check that Σ pi = n2, where n = number of criteria 
6. Calculate the importance factor ki = pi/Σ pi and check that Σ ki = 1.00.  
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  A B C D E F G ⎯ pi ki 

A              1     

 B            3     

  C          5     

   D        7     

    E      9     

     F    11     

      G  13     

       Sum   1,0 
 Table 3. Example of a table for value analysis (after Hamrin and Nyberg) 
 
The result of the value analysis shows the importance factor of each criterion, in its 
corresponding row. (Hamrin and Nyberg 1993) 

3.4.3 Evaluation Chart 
In an evaluation chart the solutions are compared to see which of them that best meet the 
requirements. Each idea is judged on each of the criteria and a value (Val.) is assigned that 
shows how well the criterion is fulfilled. The value is then multiplied with the importance 
factor (Imp. factor) to give a weighted value (Wt. val.). The total score for each idea is given 
by adding all its weighted values. The ideas are then ranked with the one having the highest 
score as being the best. 
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  A B C D ⎯ ⎯ 

Imp factor 0,112 0,118 0,118 0,136     

  Val. Wt. val. Val. Wt. val. Val. Wt. val. Val. Wt. val.     

Idea 1 8 0.896 5 0.590 6 0.708 3 0.408 2.602 2 

Idea 2 9 1.008 7 0.826 8 0.944 5 0.680 3.458 1 

Idea 3 7 0.784 5 0.590 8 0.944 2 0.272 2.590 3 
 Table 4. Example of an evaluation chart (after Pahl and Beitz) 
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To know what value to give a use-value analysis scale that range from 0 to 10 is used. (Pahl 
and Beitz, 2001) 
 

Points Meaning 
0 Absolutely useless solution 
1 Very inadequate solution 
2 Weak solution 
3 Tolerable solution 
4 Adequate solution 
5 Satisfactory solution 
6 Good solution with few drawbacks 
7 Good solution 
8 Very good solution 
9 Solution exceeding the requirement 
10 Ideal solution 

 Table 5. Use-value analysis scale (after Pahl and Beitz) 

3.5 Final Design 
After a suitable concept has been chosen it is time to transform it into a functioning product. 
All details must be thought out. In this phase the work is mainly concentrated to the 
components of the product. Different variants are investigated to make sure they are 
functional and compatible with each other.  
 
To aid in the final design different simulation methods like CAD/CAID-modeling, FE-
analysis or ergonomic simulation can be used to see that the product is functioning 
satisfactory. It is also common to make prototypes that give a more realistic image of the 
product. 

3.6 Documentation and Presentation 
During the whole product development process the work should be documented. Depending 
on the product this can be done through CAD/CAID-models, drawings, photographs, 
prototypes and written reports.  
 
The written report should present the project’s background, relevant theories and methods, the 
realization of the project and the result.  Finally there should be a discussion of the methods 
used, the result and a recommendation for further work. 
 
Oral presentations are often held to show the result to the clients who have ordered the 
project. Small presentations can also be held during the development process to make sure 
that the designers and the clients are on the same track. It is important to create an informative 
and interesting presentation since it influences the audience image of the product. To make a 
presentation interesting different audio-visual aids can be used, e.g. sketches, rendered 
pictures, photographs and animations. Power Point is a computer based visualization tool, 
which provides structure and helps the audience to follow the presentation. 
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4 Project Accomplishment 
The project was carried out using a systematic problem solving method technique consisting 
of the following steps: gathering information, clarifying the task, idea generation, idea 
evaluation and final design 

4.1 Gathering Information 

4.1.1 Study of Literature  
There is not much information regarding sun protection and blackout available and therefore 
the literature study was focused on topics such as vision and anthropometry. As mentioned 
earlier, no previous studies have been done at Volvo. The literature search was done in 
LIBRIS, a library database common for the university libraries in Sweden. Other databases 
searched were LUCIA at Luleå University of Technology, GUNDA at Gothenburg University 
and GOTLIB, a database for Gothenburg’s public libraries. Through Volvo’s own library, The 
SAE (Society of Automotive Engineers) Global Mobility Database could be accessed. It 
includes research papers and articles covering passenger cars, buses, trucks, aircraft, 
construction equipment, electric vehicles etc. Web pages on the Internet also provided some 
information.    
 
Before inquires with drivers were carried out, information regarding statistic investigations, 
interview techniques and questionnaire construction was gathered. 

4.1.2 Benchmark 
The benchmark consisted of three major parts; investigating which systems other truck brands 
use, talking to potential Volvo suppliers of different sun protection and blackout systems and 
looking at sun protection in other types of vehicles.  
 
All the major brands on the truck market were investigated by looking at the companies’ 
homepages. Scania R-series, Iveco Stralis, DAF XF95, MAN TGA, and Mercedes Aktros 
trucks were also examined personally and the opportunity to ride in two of them was given.  
These are all big sleeper cabs in the same range as Volvo FH. Two distribution trucks, a 
Renault Premium and a Mack (model unknown) were also looked at. See Appendix 3, page 1 
– 10  for pictures of the different trucks. 
 

   
 Figure 23. DAF XF95  Figure 24. Iveco Stralis  Figure 25. Mercedes Aktros  
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Also 13 passenger cars of different brands and models were examined personally (Appendix 
3, page 11 – 14). 
 

   
 Figure 26. Jaguar XJ8  Figure 27. Audi A2  Figure 28. VW Touareg  
 
Meetings with the sun protection suppliers Polymon, Widney, ITI Industriale and Silent Gliss 
were held. Samples were ordered from some of them while other suppliers provided standard 
parts to look at. To learn more, old prototypes, websites, catalogues, and brochures were 
studied. 
 
The benchmark led to the conclusion that different systems were used in both cars and trucks 
e.g. traditional sun visors, blinds and curtains. 

4.1.3 Talking to People at Volvo 
Information about the current sun protection and blackout system was gathered by talking to 
the designers of the system. Since Volvo does not produce the different parts it was not 
possible to see that production. However it was possible to see how the cabs are assembled. 
Therefore the cab production site, Volvo Trucks in Umeå, was visited. When talking to some 
of the workers there it was revealed that the mounting of the curtains was not good. 
 
To learn about safety, visibility, material properties and legal demands Volvo employees who 
work with those fields were contacted. Besides answering questions they also provided 
information for further study. Later on, possibilities to integrate the sun protection with 
different parts of the cab, like A-pillars and doors, were discussed with the people responsible 
for these parts.  

4.1.4 Driving Trucks 
To better get to know the product, Volvo FH16 and FH12 with different gear systems, were 
driven at Volvo Demo Center’s test track. Fortunately the weather was sunny and therefore 
the sun visors could be tested. Both the windshield and the side window sun visors proved to 
be insufficient for both authors of this thesis, who are 168 cm and 177 cm tall. 

4.1.5 Interviews and Inquiries with Truck Drivers  
To learn about truck drivers’ opinions regarding sun protection and blackout equipment an 
inquiry was carried out. Since no earlier study of this kind had been done it was an important 
way to gather information. The plan was to carry out the inquiry by distributing a 
questionnaire to a number of drivers. 
 
The designing of the questionnaire begun by discussing what information it should provide. 
All desirable information was listed and with the list as a starting point questions were 
framed. The questionnaire was then checked by the supervisors, some people at the Interior 
Trim Group and by a teacher at the Department for Mathematical Statistics at Luleå 
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University of Technology. According to their suggestions some changes were made to the 
questionnaire.  
The finished questionnaire was tested on some of the design engineers at the Interior Trim 
Group. The test showed that some questions could be misinterpreted and therefore the 
questionnaire was changed slightly. By doing the test it was also possible to estimate how 
much time answering the questionnaire would require. The questionnaire can be found in 
Appendix 4. 
 
A hauler company was contacted and a pre-test was done with ten of their drivers. Since it 
was hard to gather all drivers at the same time some questionnaires were left at the company 
and distributed to the drivers during a couple of days. The results of the pre-test were a bit 
disappointing. Some drivers had not taken the inquiry seriously and there were some 
questions that had been misinterpreted. In addition, the answers were a bit brief and 
insufficient. Therefore it was decided that the drivers would be interviewed instead. This gave 
an opportunity to follow up the answers and discuss issues that were not brought up in the 
questionnaire but that the drivers felt were important.  
 
To find drivers, the Field Testing Department at Volvo 3P was contacted. The population was 
defined as truck drivers who sleep in the cab. The aim was to interview 30 drivers driving 
different truck brands but it proved hard to find that many. It was especially difficult to find 
drivers who were familiar with other brands than Volvo or Scania since these two are the 
most common among Swedish haulers. Therefore the number of drivers was reduced. Since 
finding drivers was a problem the sample was not representative but convenient i.e. all 
available drivers were interviewed.  
 
The main part of the drivers worked for one big hauler, Nils Hanssons Åkeri, while a few 
worked for two smaller companies, JTW Transport and Galliker. All three haulers cooperate 
with Volvo, for example by driving trucks with test equipment and evaluating new products. 
Many of the drivers work on international routes and consequently work one to two weeks 
and then have a week off. They do not always live close to the company they work for and 
therefore it was hard for them to get there on their spare time. Because of this some interviews 
were carried out over the telephone.  
 
The result of the inquiry was compiled in two parts. In the first part all mathematical 
statistical information was entered into an Excel document where the results could be 
calculated. Besides looking at the overall result, comparisons were made between the brands 
and between tall and short drivers. In the second part all comments were compiled and used 
for two purposes. First the comments made by Volvo drivers were studied and then 
comparisons were made between the brands.  
 
In the end 21 drivers were interviewed. Some of them drove more than one truck or had 
recently changed vehicle. Because of that they answered for two different trucks and therefore 
a total of 25 vehicles were studied. The distribution among the brands was as follows: 15 
Volvo, six Scania and three Mercedes trucks. One driver worked in several different Volvo 
and Scania trucks. The average age of the vehicles was 2.8 years. 
 
Since the population was defined as drivers who sleep in the cab most participants in the 
study worked on international routes. Because of the problems of finding drivers, two 
distribution trucks were included in the inquiry. Most of the drivers stayed in the cab for one 
week or longer and all but the two distribution drivers stayed in the truck at least one night. 
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Figure 29 shows the final destination of the drivers’ routes. All drivers start in southern 
Sweden in the area marked with the red dot. 
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All of the interviewed drivers were male.  Their average age was 41.4 years and they had been 
working in the profession on average 17.0 years. The drivers’ average height was 180.0 cm. 
The complete results of the inquiry can be found in Appendix 5.  

4.2 Problems with the Current System 
The result of the inquiry was interpreted and together with other knowledge gained during the 
information gathering the problems with the current system were stated. 

4.2.1 Windshield 
• Most drivers find that the sun visor does not protect enough:  

o Sunlight enters below the sun visor. This opinion is more common among tall 
drivers than short (Appendix 5, page 19) drivers but equal between Volvo and 
Scania drivers.  

o There are gaps at both edges of the sun visor, which especially annoys tall 
Volvo drivers.  

• The sun visors block the field of vision. This opinion is shared by 30 per cent of all the 
drivers, independent of height and brand. 

• Some Volvo drivers’ opinions about the flap: it is ugly, cheap and has a weak design.  
• According to Volvo there have been complaints concerning vibrations. The sun visors 

vibrate until they brake. However, this was not evident in the inquiry. 
• Some drivers have difficulty to reach the passenger sun visor. This concerns both 

Volvo and Scania drivers. 

 

 

 

 

Figure 29. Final destination of the truck drivers. One  
driver can work on several routes. All drivers start in  
southern Sweden in the area marked with  a red dot  
(from Diversresource’s homepage) 
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4.2.2 Side Window 
• Most Volvo drivers and all Scania drivers find that the sun visor does not protect 

enough: 
o Sunlight enters below the sun visor. Almost all drivers share this opinion.  
o Half the drivers state that there are gaps at both edges of the sun visor. Among 

them, twice as many are tall than short. This applies mostly to Volvo drivers. 
• Mostly tall Scania drivers have problems with the sun visors blocking the field of 

vision. 
• Half the drivers, mainly tall, are annoyed by sunlight entering from the unprotected 

passenger window.  
• Manually operated sun visors on the passenger side cannot be reached while driving.  
• According to Volvo there have been complaints concerning vibrations, the sun visor 

vibrates until it brakes. However, there are only a few complaints of this in the 
inquiry.  

• Some comments about the sun visor: it is plastic, unstable and difficult to move in the 
rail.  

• The sun visor must be folded up to allow tall drivers get in and out of the cab. 
• A few drivers do not understand that the sun visor can be adjusted horizontally. 

4.2.3 Roof Hatch 
• In many trucks the roof hatch has been replaced by an air-conditioning system. 
• Complaints of the roof hatch sun protection mainly concern Volvo trucks. Scania 

drivers are principally satisfied. 
• Sometimes the blind comes loose and rolls up with a loud bang. 
• Some drivers complain that the edges of the blind flaps when the roof hatch is open 

and the blind is partly draw out. 
• The blind cannot be operated while driving since this is done manually and it is placed 

beyond the driver’s reach. 
• A few drivers find that the blind does not completely block out light, mainly due to 

gaps around the edges. 
• The blind reduces the intake of air distinctively; this annoys 80 per cent of the Volvo 

drivers. 
• It is not evident that the blind can be put in different positions. 
• When operating the blind, it sometimes gets stuck, “jumps out of” its rails or does not 

roll up. 
• If the blind covers the roof hatch while the truck is standing still it keeps out insects 

but also the air. If the blind is not used, the air intake is good but insects can enter. 
• Only half the drivers use the blind when the roof hatch is open. 
• Many drivers only use the roof hatch blind when they are not driving. 

4.2.4 Curtains/Blackout 
• About 15 per cent of the drivers feel that they cannot make the sleeping area dark 

enough. About 50 per cent can only make if dark enough when it is dark outside. 
(Many drivers sleep during the day.) 

• It is relatively common to change curtains. 
• Light enters the cab through gaps between and above (between the curtain and the 

curtain rail) the curtains. It also penetrates the fabric.  
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• Opinions stated about the clips: they get stuck in the rail and sometimes they brake. 
The clips might come loose and damage the washing machine. Therefore they must be 
removed prior to washing. Curtains are needed in the cab but since the trucks must be 
operational and in service this will require an additional set of curtains to be used 
when the primary curtains are removed for washing. The removal and mounting of the 
curtains are considered problematic. 

• Having the divider, the cab feels cramped and the drivers feel confined. The divider is 
in the way. It has been removed or modified by almost all drivers. 

4.3 Clarifying the Task 
The purpose of clarifying the task is to interpret the knowledge gained during the information 
gathering process. To do this Pahl and Beitz’s method, which consists of three steps, was 
used. In the first step, problem elucidation, a set of questions was answered. The answers 
were then interpreted into a list of requirements. Based on the list of requirements a neutral 
problem statement, an abstraction was formulated. 

4.3.1 Problem Elucidation 
In the problem elucidation, a series of questions were answered to gain a better knowledge of 
the problem. 
 
What is the problem really about? 
To find a sun and light protection system for the truck driver that satisfies both Volvo’s and 
the customers’ needs. 
 
Which implicit wishes and expectations are involved? 
Windshield 

• Greater adjustment range of vertical coverage. 
• Greater coverage horizontally. 
• Possibility to adjust sun protection from driving position. 
• Remove gaps. 
• Remain in position. 
• Reduce vibrations. 
• Increased durability. 
• Provide space under radio shelf for other applications. 
• Mirror with lighting that can be used from driver or passenger seat. Coverage of the 

mirror must be offered otherwise light can scatter in the cab. 
 
Side window 

• Greater adjustment range of vertical coverage. 
• Greater coverage horizontally. 
• Sun protection on passenger side. 
• Possibility to adjust sun protection on both sides from driving position. 
• Remain in position. 
• Reduce vibrations. 
• Increased durability. 
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Roof hatch 
• Let air in while keeping out insects. 
• Safe regulation while driving. 
• Remain in position. 
• Remove flapping. 
• Contribute to insulation of cab. 
• Increased durability. 

 
Curtains/Blackout 

• Provide enough darkness for comfortable sleep. 
• Protect driver from view. 
• Easy to handle. 
• Easy to clean. 
• Allow to discreetly check area around truck. 
• Create coziness and a homelike atmosphere. 
• Contribute to insulation of cab. 
• Adaptable to driver’s taste. 

 
What tasks should the product be able to handle? 

• Protect driver from glare. 
• Provide sufficient darkness in cab regardless of time of day. 
• Create coziness and a homelike atmosphere. 
• If possible, contribute to the insulation of the cab. 

 
What qualities must the product possess? 

• Be safe. 
• Be adjustable for drivers whose size is between the 5th and 97.5th percentile. 
• Easy to use. 
• Good quality. 
• Remain in position. 
• Low cost. 

 
Are there any pre-fixed conditions in the task? 

• Sun protection and blackout system must be coordinated with other equipment in cab. 
 
What qualities can the product not possess? 

• Be dangerous during crash. 
• Reduce visibility below legal demands. 
• Cause personal injuries when handling. 
• Come loose. 
• Submit continuous sound. 

 
Current technical situation 

• All other European truck manufacturers except for Scania provide blinds in the 
windshield at least as an option in their bigger models. 

• Many brands offer blinds in the side window. 
• All brands except for Renault offer curtains in their biggest models. 
• A divider is either standard or an accessory in most sleeper cabs. 
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• Passenger cars usually have sun visors in the windshield. Most of them can be turned 
to protect the side window. 

• Some models, e.g. SAAB 9-5, have double sun visors so that both front and side 
window can be protected at the same time. They are usually both folded against the 
roof when not used. 

• Many car brands provide mirrors on the sun visor. Some of them have lighting. Most 
of them are covered by a flap. 

• Some cars have different kinds of blinds that are rolled out from the door panel or 
parcel shelf and fastened above the window. The blinds are usually purchased as 
accessories. Sometimes more exclusive brands provide electrically controlled blinds. 

• The luxurious car, Maybach has an electrochromic panoramic window in the roof. 
 
Legal demands? Standards? 
See Chapter 2.3-2.5. 
 
Technical trends, design trends, potential development 
Trends 

• Cars: powerful but with round shapes. 
• “High tech”. 
• Electronics. 

 
Potential development 

• Adapt equipment to driver’s taste. 
 
Requests, desires concerning possibilities of changing performance and appearance 

• Adaptable to updates and new cab models. 

4.3.2 List of Requirements 
The cab has several different types of windows which all have different purposes. The 
requirements for sun protection and blackout differ between the windows. The windshield and 
side windows are actively used while driving and are therefore more regulated than the other 
windows. Because of the difference the list of requirements was divided into three parts, 
windshield, side window and roof hatch. Other window types were omitted according to 
Chapter 1.4, Assumptions and Constraints. The list of requirements can be found in Appendix 
6. 

4.3.3 Abstraction 
When the abstraction was formulated the sun protection and blackout equipment was regarded 
as a complete system to insure that the problem statement was neutral. The abstraction is 
presented below. 
 
“To develop a system for sun and light protection in truck cabs. The system will reduce glare 
while driving for all drivers of a certain size and length at the same time as it provides an 
adequate field of vision. The system will also black out the cab during rest regardless of the 
time of day. It is preferable if the system helps to create a feeling of a homelike atmosphere.”    
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4.4 Idea Generation 

4.4.1 Brainstorm 
The idea generation started with four brainstorming sessions. In the first session only the 
authors of this thesis participated. Then three sessions with design engineers and thesis 
workers from the Interior Trim Group at Volvo 3P followed. Different people participated at 
each session. The participants had a great variety of backgrounds; some had worked with sun 
protection for several years while some of the thesis workers just had started at the 
department. Thanks to the varying experience a great number of ideas were generated.  
 
In the beginning of each session the participants were given a summary of the current 
system’s problems and the drivers’ wishes. First all windows and types of functions were 
considered at the same time. When the participants begun to run out of ideas they were asked 
to think of solutions for one particular problem or window at a time. 
 
Later on a fifth brainstorming session was held to generate more ideas for the roof hatch. 

4.4.2 Matrix of Ideas 
After the Brainstorming all ideas were categorized into six groups:  

• Covers the Whole Window 
• Covers Part of the Window  
• Inside the Window 
• Roof Hatch 
• Other  
• Curtains 

All the ideas were then inserted into a matrix of ideas (Appendix 7). During this process some 
new ideas came up, most of them were alterations or combinations of the old ones.  

4.5 Idea Evaluation 

4.5.1 Weighing Pros and Cons 
The matrix of ideas contained a great number of ideas, and a lot of them could be used in 
more than one window. To make the material more manageable the number of ideas had to be 
reduced. In the first step all ideas that seemed crazy or unfeasible were excluded. For the 
category Inside the Window only one idea remained; electrochromic windows. This technique 
is not fully developed, thought it is still interesting for the future. Therefore it is further 
discussed in Appendix 8 and excluded from further idea evaluation. The remaining ideas were 
evaluated by listing the pros and cons (Appendix 9).  
 
By regarding the list and discussing the remaining ideas, the ones that had serious 
disadvantages or clearly had more drawbacks than benefits could be excluded. It was also 
realized that some ideas required a size or shape that made them impossible to fit in the cab. 
The discussions did not only lead to a reduction of ideas, but also to a better picture of how 
the different ideas could work from a mechanical point of view. At the same time changes to 
some of the principals were made. After this the amount of ideas were more manageable and 
could be analyzed more profoundly. 
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The remaining ideas were regrouped according to in which window they could be used 
(Appendix 10). Some ideas could be used in several types of windows, e.g. both in the 
windshield and in the side window. Within the group the ideas were sorted after their 
function, e.g. horizontal or vertical adjustment. After this the evaluation continued with one 
window and function at the time. 

4.5.2 German Eye Point Measuring 
An FHL2H2 cab, from now on called the Experimental cab, was provided to facilitate 
measuring and concept testing. The cab had been used for another thesis project (Design of 
single driver interior for the living area in a Volvo truck by Marie Lodin and Hanna 
Silverlind) and therefore the living area had been changed. This was however not a problem 
since the driver environment and the windows were intact. 
 

 
 Figure 30. Experimental cab with test equipment  
 
To get a reference point in the Experimental cab the German Eye Point (described in 2.3.1) 
was measured. The eye point coordinates for the cab model FHL2H2 was already known but 
this was done to get a physical point which could be marked on the windshield. To this point 
other values could be compared. 
 
The eye point was measured with a laser placed on a jig. Other equipment used was a level, a 
tape ruler and a plummet. This method only gave an approximate point since all equipment 
was adjusted manually. For more accurate measuring the driver seat has to be removed and 
another type of jig has to be placed on the floor. In this case an approximate point was 
sufficient and it was preferable not to remove the seat. 
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 Figure 31. Jig for German Eye Point measuring Figure 32. Laser placed on two rotating levels 
 
The jig was placed with the laser in the centerline of the backrest and fastened with a strap. 
According to the test method the seat should be placed in its central position (Chapter 2.3.1 § 
2) both vertically and horizontally. Before adjusting the seat to the determined test position, 
the back of the seat was straightened out as much as possible by tilting the upper-back support 
backwards to a maximum. The seat cushion was tilted downwards as much as possible until it 
was in an almost horizontal position and the lumbar support was emptied of air.  
 
Since the seat has pneumatic suspension it moves vertically when the load changes and should 
therefore be held in position. This was not possible when the test was carried out. Instead all 
air was removed and the difference in height was compensated by the jig. The vertical 
adjustment range of the seat was determined by first placing the seat in the highest position 
(with the pneumatics turned on) and then in its lowest position. The adjustment range was 128 
mm. The horizontal adjustment range was determined similarly. The seat was placed in the 
foremost and then in the hindmost position. The adjustment range was 189 mm. The seat was 
then placed in the desired position. 
 
According to the test regulations the backrest was tilted 15 degrees backwards. Then the laser 
was adjusted to be horizontal.  
 
The laser should be placed 130 mm forward of the backrest (Chapter 2.3.1 § 2). Since the jig 
does not have such adjustment abilities the distance of the laser from the backrest was 
measured and the difference was adjusted by moving the seat forward. 
 
Finally the two levels, to which the laser was connected, were adjusted so that the laser was 
completely horizontal and centered in the seat. Then the laser was switched on and the point 
where it hit the windshield was marked. 

4.5.3 Windshield 
The ideas for sun protection in the windshield were discussed with three design engineers at 
Interior Trim Group who have worked with sun protection and adjacent areas for many years. 
They all had different points of view. One of them had opinions regarding the design and the 
mechanics, while another discussed how the different alternatives could cooperate with the 
rest of the interior. After these discussions further ideas could be excluded (Appendix 10, 
page 1 – 3).  
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4.5.3.1 Sun Visors 
Some of the remaining sun visor ideas were combined and even new ideas were generated. 
Cardboard models of each idea were made and tested in the Experimental cab. Each 
cardboard model concept was assigned a number. For concept 1 – 4, the sun visor on the 
driver side was called “A” and the one on the passenger side “B”. For concepts 5 - 9 only the 
driver side sun visor was needed. All concepts were assumed to be manual. 
 

 
 Figure 33. Definitions of the measurements of the sun visor 
 

Concept Picture Measurements Concept 
description 

1 

 

Length:  
A: 630 mm 
B: 1200 mm 
Width: 250 mm 
Middle gap: 10 mm 

Sun visors 
with different 
lengths 
facilitate 
reaching the 
passenger sun 
visor. 

2 Length: 970 mm 
(maximum length) 
Width: 250 mm 
Middle gap: 10 mm 

Same length 
but shaped to 
facilitate 
reaching the 
passenger sun 
visor. 

3 

 

Length: 990 mm 
(maximum length) 
Width: 250 mm 
Middle gap: 10 mm 

Same length 
but shaped to 
facilitate 
reaching the 
passenger sun 
visor. 

4 Length: 890 mm 
(980 mm with outer 
edge extension) 
Width: 250 mm 
Middle gap: 10 mm 

Sun visor 
shaped after 
radio shelf. 
Additional 
flap at the 
edge to further 
prevent 
sunlight from 
entering.   
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5 

 

Length: 890 mm 
(only A) 
Width: 150 mm 
(part 1) + 100 mm 
(part 2) 
Middle gap: None 
(only one sun visor) 

Part 2 can be 
pulled out 
from part 1. 
Possible to 
adjust part 2 in 
z-direction due 
to friction. 

6 

 

Length: 890 mm 
(only A) 
Width: 250 mm 
(part 1) + 150 mm 
(part 2) 
Middle gap: None 
(only one sun visor) 

Part 2 can be 
pulled out 
from part 1. 
Possible to 
adjust part 2 in 
z-direction due 
to friction. 

7 Length: 890 mm 
(only A) 
Width: 200 mm 
(part 1) + 180 mm 
(part 2) 
Middle gap: None 
(only one sun visor) 

Part 2 can be 
folded down 
from part 1 
towards the 
windshield. 
Possible to 
adjust part 2 
due to friction. 

8 

 
 

 

Length: 890 mm 
(only A) 
Width: 3 x 120 mm 
Middle gap: None 
(only one sun visor) 

Part 2 can be 
folded towards 
the driver 
while part 3 
can be folded 
towards the 
windshield. 
Part 3 is 
transparent but 
colored. 
Possible to 
adjust the parts 
separately due 
to friction.  

9 Length: 890 mm 
(only A) 
Width: 3 x 100 mm 
Middle gap: None 
(only one sun visor) 

Part 2 can be 
folded towards 
the windshield 
while part 3 
can be folded 
towards the 
driver. Part 3 
is transparent 
but colored. 
Possible to 
adjust the parts 
separately due 
to friction. 

Table 6. Sun visor concepts
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Reach Test  
The purpose of this test was to examine which of the concepts mentioned above that could be 
reached by a 5th to a 97.5th percentile human. This concerned reaching the sun visors on the 
driver as well as on the passenger side. Adjustment abilities in the vertical direction were also 
evaluated.  
 
The reach test took place in the Experimental cab. The test persons’ height approximately 
corresponded to the 5th, 50th and 99th percentile. Since the anthropometry measurements are a 
bit out of date (Chapter 2.4) the 99th percentile height is used instead of the 97.5th. All test 
persons were of “normal” built. 
 

Test person Height (cm) Percentile height (cm) 
1 156 155.1 (5th) 
2 170 171.4 (50th) 
3 191 190.9 (99th) 

 Table 7. Test persons’ height and percentile height  
 
First the height of each person’s eyes was measured and marked on the windshield. Table 8 
below presents the vertical distance from the German Eye Point to the test persons’ eye 
height. 
 

Test person Eye height distance (mm) 
1 -   44 
2 +  60 
3 + 121 

 Table 8. Distance to German Eye Point 
 
The test persons adjusted the seat until they sat in a comfortable position. Test person number 
one had to let the air out of the seat to be able to reach the pedals. Then the test persons 
judged subjectively the comfort/discomfort with each concept.  
 

   
 Figure 34. Test position Figure 35. Horizontal reach 
 
Eight concepts were tested. Concept 4 was not tested since it is a variant of the current 
solution and the driver inquiry had already shown that it is hard to reach the passenger sun 
visor. The concepts were tested for all three persons at the same time so each person adjusted 
the seat several times.  
 
The aim with part one of the test (concept 1 – 3) was to examine which concepts could be 
reached on the passenger side without discomfort. Therefore the sun visors were mounted 
only at that side. A mark was made on the concept 1 sun visor where the test persons felt they 
could reach it without discomfort. Part two (concept 5 – 9) covered reaching the sun visors as 
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well as examining the vertical adjustment abilities. This time the sun visors were only 
mounted on the driver side. Regarding concept 5 and 6 the test persons 3 and 1 respectively 
marked the lowest tolerable vertical position of the sun visor.  
 

   
 Figure 36. Vertical adjustment Figure 37. Vertical adjustment  
 
The result of the test and the test persons comments are presented in the following table.  
 
Concept Test person 1 Test person 2 Test person 3 
1 A mark was made on the 

sun visor to determine the 
shortest possible length. 
 
Shortest possible length: 
1115 mm 

A mark was made on the 
sun visor to determine the 
shortest possible length.  
 
Shortest possible length: 
1005 mm 

A mark was made on the 
sun visor to determine the 
shortest possible length.  
 
Shortest possible length: 
1115 mm 

2 Cannot reach the sun 
visor without a lot of 
discomfort because the 
steering wheel is pressing 
against the stomach. 

Have to stretch out to 
reach the sun visor but 
says it is ok. 

Cannot reach the sun 
visor without discomfort. 

3 Can barley reach the sun 
visor. Has to stretch out 
and lean sideways. The 
steering wheel is pressing 
against the stomach. 
Could be ok if it was 
possible to lower the 
steering wheel. 
 

Does not perform the test 
since it was ok to reach 
the previous (shorter) sun 
visor. 

Have to stretch out to 
reach the sun visor. 
Borderline case, does not 
want to stretch out more 
than this. 
 
 

5 No problem reaching. 
Part 1 is ok but could be 
wider. 
With part 2 it is ok. 

No problem reaching. 
Part 1 is ok. 
With part 2 it is ok but it 
cannot be any wider. 

No problem reaching. 
Part 1 is reasonable. 
No need for part 2.  
 
Lowest tolerable position: 
180 mm 



Combined Sun Protection & Blackout System 

40 

 
6 No problem reaching. 

Part 1 might be a little too 
narrow. 
Part 2 could be 
approximately six cm. 
 
Lowest tolerable position: 
300 mm 

No problem reaching. 
Part 1 – the width is 
maximal; could not be 
more than one cm wider. 

No problem reaching. 
Part 1 is too wide. 

7 No problem reaching. 
Part 1 is too narrow. 
With part 2 it is too wide. 
Colored part might be 
disturbing. 

No problem reaching. 
Too wide if two parts.  
Cannot imagine having a 
colored lower part. Does 
not want a lower part that 
is below the height of the 
eyes and that you have to 
look through.  

No problem reaching. 
To have a colored lower 
part is disturbing. It is not 
good to first look through 
the window and then 
through the colored part. 

8 Can reach. 
Needs 1 + 2 + half part 3 
and therefore good if the 
last part is colored. 
Works well to fold up 
part 3. It is enough if you 
can fold up the last part 
because part 1 and 2 can 
always be folded down. 
Wants to fold down part 2 
in the same direction as 
part 3. 

Can reach. 
Part 1 is too narrow. 
With part 2 it is too wide. 
Part 3 comes too far 
down. It gets “foggy”. 
Maybe not more than two 
parts? 

Can reach. 
Good if the parts also can 
be angled.  
Part 1 feels a bit too 
narrow but can be ok in 
some conditions. 
With part 2 it is a bit too 
wide. 
Part 1 + 2 should be one 
cm narrower together. 
Part 3 – does not believe 
in colored part. There 
might be refractions in 
the material. The sun 
visor might start 
swinging and remove the 
attention from the road.  
It is too tiresome to use. 

9 Can reach. 
Would work if the 
colored part works well 
and the sun visor is less 
wide.  

Can reach. 
Better than number eight. 
Unnecessary number of 
parts. Does not prefer it. 
Without the colored part 
it might be ok. 

Part 3 is unnecessary. 
Can reach but has to 
stretch forward. 

Table 9. Comments from the test persons 
 
Concept 2 could be excluded since the passenger sun visor has to be 1115 mm long if a 5th to 
a 99th percentile person should be able to reach it in a comfortable way. Concepts 1 and 3 
could be reached and therefore they are not excluded. 
 
The test persons had no problems reaching the sun visor concepts 5 – 9. Concerning the 
vertical adjustment abilities concept 5 and 6 have to be combined to get a functional solution, 
since the lowest tolerable vertical position varies among the test persons. The vertical 
adjustment abilities were more limited for concept 7 – 9. It became clear that more parts are 
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more troublesome to adjust to the right position. Furthermore the test persons did not prefer a 
colored second or third part. There were several reasons for this. They thought that the 
colored part would get dirty when touching it. It could also give a distort image of the road 
due to reflections, vibrations and swinging when driving. Concept 8 and 9 were therefore 
excluded.  
 
Gap Test 
The purpose of this test was to examine how much light that enters through the gaps for the 
current sun visors and sun visor concepts 1, 3 and 4 and make a comparison between the 
different solutions. Both the middle gap and the gap between the sun visor and A-pillar were 
tested. 
 
The gap test was, like the reach test, carried out in the Experimental cab and the same test 
persons participated. A 500 Watt lamp was used to represent the sun and was hung in a stand 
(equipped with wheels) 2000 mm over the floor. The height was chosen to make the light 
enter through the gaps for all three concepts and the current sun visors and give effects that 
clearly could be measured. The cab’s windshield was covered with brown paper in line with 
the lower edge of the sun visor models to prevent light to enter beneath them. A half circle 
with the radius of 1135 mm was marked out on the floor in front of the cab. This radius was 
chosen since it provided good test positions for the lamp. The distance from the wheels to the 
foot of the stand was 230 mm. 
 

   
 Figure 38. Gap test equipment Figure 39. Gap test equipment 
 
The test person adjusted the seat until he/she sat in a comfortable position. A sun visor 
concept was mounted in the cab and the stand was rolled along the half circle on the floor. 
Every time light entered between the sun visors, the lamp’s position was marked on the floor. 
When the light moved out from the test person’s field of vision the lamp’s position was 
marked again. In the cases where light entered between the sun visor and A-pillar on the 
driver side the position was marked only when the light entered because it stayed in the test 
person’s field of vision until it was covered by the A-pillar. The gap on the passenger side 
between the sun visor and the A-pillar never interfered with the test person’s field of vision 
(for this lamp height) so no marks were done on that side. This procedure was repeated for all 
sun visor concepts, the current sun visors and for all three test persons. After that, the angles 
between the different marks were measured with a measuring tape, ruler, spirit level and a 
protractor. Since the test equipment and measuring tools used in this test were simple the 
measurements are approximate.  
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Concept Test person 1 (degrees) Test person 2 (degrees) Test person 3 (degrees) 
1 Light in: 50 ° 

Light out: 56 ° 
Total: 6 ° 

Light in: 53 ° 
Light out: 64 ° 
Total: 11 ° 

Light in: 54 ° 
Light out: 63 ° 
Total: 9 ° 

3 Light in: 33 ° 
Light out: 42 ° 
Total: 9 ° 
Light in: -  
Light out: -  
Total: -  

Light in: 23 ° 
Light out: 33 ° 
Total: 10 °  
Light in: 39 ° 
Light out: 49 ° 
Total: 10 ° 

 Light in: 26 ° 
Light out: 32 ° 
Total: 6 °  
Light in: 36 ° 
Light out: 52 ° 
Total: 16 ° 

4 Light in: 26 ° 
Light out: 33 ° 
Total: 9 ° 

Light in: 29 ° 
Light out: 41 ° 
Total: 12 ° 

Light in: 31 ° 
Light out: 38 ° 
Total: 7 ° 

Current 
system 

Light in: 25 ° 
Light out: 37 ° 
Total: 12 ° 

Light in: 31 ° 
Light out: 41 ° 
Total: 10 ° 

Light in: 31 ° 
Light out: 38 ° 
Total: 7 ° 

Table 10. Entry and exit angles of the light through the middle gap  
 
Since concept 4 and the current system have a flap different light entering positions were 
noted: 
A: Without using flap 
B: With flap folded out – at the hinge 
C: With flap folded out – at the outer edge of the flap 
 

Concept Test person 1 
(degrees) 

Test person 2 
(degrees) 

Test person 3 
(degrees) 

1 162 ° 155 ° 156 ° 
3 161 ° 155 ° 155 ° 

A 169 ° 162 ° 158 ° 4 
C 169 ° 171 ° 171 ° 
A 150 ° 152 ° 151 ° 
B 153 ° 152 ° 152 ° 

Current 
system 

C 174 ° 171 ° 171 ° 
 Table 11. Entry angle of the light through the gap between the sun visor and A-pillar 
 
By looking at the result from table 10 the conclusion could be made that concept number 3 
had a disadvantage. Light entered at two different occasions through the middle gap compared 
to the other concepts where light only entered at one occasion. The current sun visors and 
concepts 1 and 4 did not differ much from each other.  
 
Table 11 shows that since concept 1, 3 and 4 are longer than the current sun visors there is a 
smaller area between the edge of the sun visor and the A-pillar where light can enter. The 
conclusion could also be made that the sun visor concepts with additional flaps are more 
effective. The flap of concept 4 had been attached to the sun visor with tape in such a way that 
no light entered at the hinge and therefore the current system has a disadvantage compared to 
concept 4. This shows that the design of the hinge is important.  
 
With the test results from both the reach test and the gap test in mind some concepts could be 
excluded while others were combined into new ones (Appendix 11, page 1). 
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4.5.3.2 Blinds 
Since the two remaining ideas concerning blinds (Appendix 11, page 2) were more difficult to 
test, the evaluation of these concepts were done by talking to different potential Volvo 
suppliers, e.g. Widney, ITI Industriale and Silent Gliss. 
 
A meeting was also held with a design engineer responsible for the A-pillars, to discuss the 
remaining concepts. Concept 3 was discussed more thoroughly since it affects the A-pillars. 
Since the A-pillars contain a lot of cables it might be problematic to fit the cables if stamps 
are made in the A-pillars. Another possibility is to place the guide rails in or behind the A-
pillar trim.  
 
Different Types of Blinds 
By looking at different types of blinds, both samples and in brochures, a more profound 
understanding was obtained. Both manual and electrical blinds were investigated. The 
different kinds of blinds examined are presented below. 
 
“Cord/chain-blind” 
This manual solution provides infinitely variable adjustment by pulling the cord/chain until 
the blind is in the desired position. When pulling the cord/chain in the opposite direction the 
blind retracts. The main problem for this solution is space. Applied on concept 3 there is no 
more space behind the A-pillars or the A-pillar trim and the cord/chain has to be guided 
through the front shelf to a place where the driver can reach it. Applied on concept 4 this 
solution could work because there is space left between the A-pillars and the blind. 
 

 
Figure 40. “Cord/chain-blind” (from Verosol’s homepage) 

 
Constant tension roller blind 
This manual solution has a spring lift mechanism and therefore needs brackets to hold the 
blind in pre-selected positions. One of the demands for the windshield is to reduce glare in the 
windshield for drivers between the 5th and 97.5th percentile while driving. Therefore it is 
important to have good vertical adjustment abilities for the sun protection. This is poorly 
fulfilled with pre-selected positions. The brackets can also be difficult to fit into the A-pillars 
or the A-pillar trim because the space is already scarce. 
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 Figure 41. Constant tension roller blind 
 (from AutoMotionShade’s homepage) 
 
Motorized roller blind 
The motorized roller blind with guide rails has a motor housed inside the roller tube. The 
blind can be raised and lowered to any position. There are solutions which allow manual pull 
down without damaging the motor. This solution fulfills all the windshield demands and is 
adaptable to both concept 3 and 4. 
 

 
 Figure 42. Motorized roller blind  
 (from AutoMotionShade’s homepage) 
 
Ratchet blind 
The ratchet blind is a manual solution with guide rails, which provides variable adjustment in 
small steps downwards but retracts fully when the release lever is actuated. The ratchet blind 
has to be held with one hand while releasing the lever to prevent the blind from being 
completely pulled up. Since one of the demands for the sun protection in the windshield is 
that it has to be possible to adjust with one hand while driving this solution might be 
unsuitable.  
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 Figure 43. Ratchet blind (from Widney’s homepage) 
 
Scissor blind 
A friction system allows the raising and lowering of the blind to any position. This solution 
can be manual or electrical. 
 

  
 Figure 44. Manual scissor blind  Figure 45. Motorized scissor blind 
 (from AutoMotionShade’s homepage)  (from AutoMotionShade’s homepage) 
 
A manual solution could be heavy to handle. Furthermore the weight of the blind is larger 
than for other types of blinds. There might also be a problem to make the blind follow the A-
pillars and the dashboard smoothly because of the scissors. The advantage with scissors is the 
stable construction which eliminates the need of guide rails.  
 
Spring tensioned roller blind  
This manual blind provides infinitely variable adjustment and retracts when pulling the hem 
bar. It works similarly to the blinds common in home environments.  
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 Figure 46. Spring tensioned roller blind (from Verosol’s homepage) 
 
Manual or Electrical Blinds? 
After looking at both manual and electrical blinds the decision whether the remaining 
concepts should be manual or electrical had to be made. There are advantages as well as 
disadvantages with both solutions. A manual blind could be difficult to reach and handle from 
the driver position when driving but should be more reliable and less expensive then an 
electrical blind. However, that depends on other factors as well for example the design. The 
main disadvantage with an electrical blind is if the motor fails, but the blind is easy to handle 
when driving and there are good vertical adjustment abilities. 
 
Mock-Up 
One constant tension roller blind provided from Widney was installed in a modified FHL2H2 
cab to examine concept 3. It was not possible to do a stamp in the A-pillars but the blind was 
installed to, as far as possible, resemble concept 3. Because of the thick hem bar and the large 
brackets, see Figure 51, the windshield had to be removed. An important conclusion was that, 
with a manually handled blind there might be problems to pull it down behind the dashboard 
depending on the design of the handle. 
 

   
 Figure 47. Concept 3 mock-up Figure 48. Concept 3 mock-up  
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 Figure 49. Constant tension roller blind  Figure 50. Blackout position  
  from Widney, driving position  
 

 
 Figure 51. Hem bar and bracket 
 
Using Two Blinds Instead of One? 
People at Volvo 3P who were interested in the project had ideas of two blinds in the 
windshield. This led to further discussions although the idea had already been excluded once 
(Appendix 7, page 3). There was no possibility to test the idea; only pros and cons could be 
discussed. 
 

 
 Figure 52. Two blinds in the windshield 
 
The two blinds would probably require guide rails to keep them in position. Having a guide 
rail in the middle of the windshield could be annoying when driving. To prevent this, scissors 
could be used for stabilization instead of guide rails, but they are heavier and forming them 
after the dashboard (to prevent light from entering) will, most likely, be difficult. 
Furthermore, one of the demands for the windshield is that the sun protection must be 
possible to reach in a by Volvo prescribed seating position. Therefore the blind must be 
electrical on the passenger side. This entails two variants and good mapping (since the driver 
has to adjust the blinds differently). Wishes from the interviewed drivers were to remove gaps 
from the present sun protection system. To reduce the gap between the blinds, they must lie 
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wrap over in the front shelf, which requires more space and more material. The front shelf 
also has to be designed for two variants. All this could be expensive.  
 
Having two blinds is probably a more stable solution and easier to handle during the cab 
assembly. Presumably it is easier to check the area around the truck too. This was a wish 
expressed by a few drivers in the inquiry. Another advantage is that the driver and passenger 
can adjust each blind independently of each other. However, long haul drivers often drive 
alone and therefore it is more important that the sun protection is designed, in the first place, 
for them.  
 
If the discussions and evaluations above are taken into consideration the motorized roller 
blind, which covers the whole windshield, seems to be the best possible blind solution.  
 
4.5.3.3 Concept Selection 
With six remaining concepts (Figure 53 – 58) a meeting was held with the two supervisors at 
Interior Trim Group. A third design engineer from the same group also participated. The six 
concepts were presented and the engineers gave their opinions about them. Generally they 
were of the same opinion and thought that the remaining concepts were the most feasible 
ones. 
 

 
Figure 53. Concept A 

 

 
 Figure 54. Concept B 
 

 
Figure 55.  Concept C 
 

 
 Figure 56.  Concept D 
. 
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 Figure 57. Concept E Figure 58. Concept F 
 
To select the final concept a value analysis and an evaluation chart was used (Chapter 3.5.2 
and 3.5.3). The concepts were evaluated on 13 different criteria chosen to get the best possible 
solution. Some criteria were taken directly from the list of requirements for the windshield, 
whereas others were a combination of two or more requirements. The value analysis can be 
found in Appendix 12, page 1 and the evaluation chart in Appendix 13, page 1 – 2. The 
winning concept, concept E was selected.  
 
4.5.3.4 Final Design 
To further develop concept E, a more detailed design work had to be done. It was done by 
looking at CAD-models, discuss them and draw sketches of the ideas generated.  
 
The first idea was to do a stamp in the A-pillar to fit the guide rails for the blind. The A-pillar 
trim would follow the shape of the stamped A-pillar. 
 

 
 Figure 59. Stamp in the A-pillar 
 
But after investigating this further it was realized that this idea had some disadvantages. It 
would reduce the space inside the A-pillar where electric cables are put. Since the A-pillar is 
tilting in both the x- and y-direction the stamp would have to be deeper in the upper, narrower 
part than in the thicker, lower part of it. Furthermore, the depth of the stamp would have to be 
even deeper than what is needed for the guide rail because the sheet metal A-pillar is covered 
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by a plastic trim. The guide rail would be an extra part that has to be installed during the cab 
assembly. 
Because of the limited space in the A-pillar area this idea was developed to only include the 
A-pillar trim.  
 

 
 Figure 60. Guide rail in the A-pillar trim  
 
The idea was investigated by looking at CAD-models and talking to a design engineer 
responsible for the A-pillars. It was realized that neither this idea would work since it is only 
three mm between the A-pillar and the A-pillar trim. In that case the A-pillar trim has to be 
thicker and this will interfere with the A-pillar sight demands.  
 
Looking at the A-pillar CAD-model it was realized that it would be better to mold the end of 
the A-pillar trim to a guide rail channel. A metallic rail attached inside the channel would 
facilitate the handling of the blind and keep it in position. In this way the A-pillar trims 
containing guide rails could be installed in one step during the cab assembly. 

 
 Figure 61. A-pillar trim with infused metallic rail 
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Another problem encountered was how to make the blind completely block out light between 
the hem bar and the dashboard. The first idea was to make the hem bar triangle shaped so it 
would form a wedge, which would fit between the dashboard and the windshield.  
 
When looking at the concept 3 mock-up (Chapter 4.5.3.2) it was realized that the dashboard 
has a strong curvature near the A-pillars. The idea of having a channel in the dashboard was 
generated. 
 

 
 Figure 62. Channel in the dashboard 
 
The discussion that followed concerned if it would be aesthetical to have such a channel (the 
Renault Magnum has it) and the idea was developed to move the channel as near the 
windshield as possible, where the dashboard is sloping towards it. The curvature of the 
channel should follow the dashboard. Furthermore the blind hem bar has a similar curvature 
as the dashboard to prevent light to enter there. 
 
The installation of the blind in the front shelf was also taken into consideration. To get as few 
parts as possible (to assemble with the rest of the cab) it is preferable to assemble the blind 
with the front shelf before installing it in the cab. The blind attachments could be molded as a 
part of the front shelf.  

4.5.4 Side Window 
The ideas for sun protection in the side window were discussed with the same three design 
engineers at Interior Trim Group that discussed the windshield. These discussions led to an 
exclusion of ideas (Appendix 10, page 1 – 3). 
 
4.5.4.1 Tests 
The work that followed focused on different tests and investigations so the design of the sun 
protection, would fulfill the demands. Thereafter the sun protection was chosen.  
 
Reach 
When investigating the possibilities to reach the side window sun protection in the 
Experimental cab it was evident that the sun protection on the driver side is easy to reach both 
for a 5th as well as a 97.5th percentile human and there is no need for it to be motorized. 
However, to be able to adjust the passenger side sun protection with one hand while driving, it 
has to be motorized. A manual, mechanical solution could work but might be complicated and 
therefore just as expensive. 
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Tests for the Dimensioning of the Sun Protection 
The purpose of this test was to examine the necessary length and width of the sun protection 
(Figure 33. Definitions of the measurements of the sun visor, page 36). It has to block out the 
sunlight but also allow the driver to see in the rear-view mirror. It was also investigated if 
there is any correspondence between a person’s eye position and the desired sun protection 
width.  
 
The test took place in the Experimental cab. The participants were the same as in the 
windshield reach test (Chapter 4.5.3.1). 
 
A squared paper, (square size 20×20 mm) was put up on the driver side window 50 mm below 
the door list. The test person adjusted the seat until he/she sat in a comfortable position. Then 
the test person’s eye position was marked on the squared paper. 
 

Test person Eye position below 
the upper door list 
(mm) 

1 287 
2 200 
3 125 

 Table 12. Eye position 
 

 
Figure 63. Squared paper in side window 

 
The test person was asked to look forward as if driving and hold up a piece of cardboard in 
the driver side window. The cardboard represented the sun protection. The start point for the 
cardboard was the upper, front edge of the door, below the list from the inside of the cab. 
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 Figure 64.  Piece of cardboard in the side window 
 

 
Figure 65. Definitions of directions for the test, x- and z-directions are definitions for the whole cab 

 
The test person was asked to move the cardboard backwards until a gap between the 
cardboard and the front door list appeared. A mark was made at that point. The length of the 
gap was measured from the outside of the cab against a reference point on the door list (Table 
13). The current sun visor was tested in a similar way. First it was folded down and pushed as 
far forward as possible. Then the test person pushed it backwards until a gap could be spotted 
in the test person’s field of vision and the length of the gap was noted (Table 13). 
 
After this the vertical adjustment abilities were examined. The test person held the cardboard 
at the start point and moved it downward to the door panel. A mark was made at the point 
where the ability so see the rear-view mirror was reduced so much that the test person felt it 
would not be safe when driving. 
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Test person Cardboard – horizontal 

position (mm) 
The current sun visor – 
horizontal position 
(mm) 

Cardboard – vertical 
position (mm) 

1 - 155 287 
2 43 208 240 
3 71 189 145 

Table 13. Test results 
 
Compared to the cardboard model the current sun visor could be moved further backwards 
before a gap was detected by the test person. This difference is caused by the cardboard model 
being placed closer to the side window compared to the current sun visor. It could therefore 
be concluded that the closer to the driver the sun protection is placed the shorter it could be. If 
the sun protection is placed close to the window it must be as long as the whole upper list in 
the side window to block out the sunlight for test person 1. 
 
To work properly for drivers with a height between the 5th and 97.5th percentile the minimum 
width of the sun protection, from the upper list of the side window, has to be approximately 
145 mm (Table 13) with an additional adjustment range of 142 mm (Table 13: 287-145 mm). 
It was also concluded that the test persons’ eye position approximately corresponded to their 
lowest tolerable sun protection position (Table 12 and Table 13). 
 
4.5.4.2 Sun Visor or Blind? 
With the test results in mind, the remaining side window ideas (Appendix 10, page 1 and 3) 
were discussed to see which of them could work.  
 
Sun Visors 
Idea 1 
Similar to the current side window sun visor. To reduce glare for drivers between 5th and 
97.5th percentile it has to have vertical adjustment possibilities as well. Therefore this idea has 
to be combined with another solution that has such possibilities. 
 

 
 Figure 66. Idea 1 
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Idea 2 
To see if this idea could work cardboard model 8 from the windshield reach test was used and 
attached on the driver side in the Experimental cab. When folding the different parts down it 
was realized that the driver would have to lean aside to give space to the two final parts.  
 

  

 

 
 Figure 67. Idea 2 Figure 68. Cardboard model 8 
 
The sun protection would also have to be readjusted when entering/exiting the cab. 
Furthermore, the vertical adjustment abilities are limited because the parts cannot be put in 
different angles without being in the driver’s way. Because of these disadvantages idea 2 was 
excluded.  
 
Idea 3  
Idea 3 must be designed so friction or another mechanism holds the inner plate in the desired 
position. When driving, the cab often vibrates and there is a risk that the plate vibrates down. 
Furthermore, readjustments have to be made before entering/exiting the cab.  
 

 
 Figure 69. Idea 3 
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Idea 6 
The conclusion for idea 2 above is also valid for idea 6. Although the second part can be 
adjusted due to friction in the joint between part one and two, the vertical adjustment abilities 
are limited since the driver would have to lean aside to fold down the second part. 
Readjustments have to be made before entering/exiting the cab. Idea 6 was therefore 
excluded.  
 

 
 Figure 70.  Idea 6 
 
To get a functional sun visor solution idea 1 and 3 had to be combined. 
 
Blinds 
Idea 3 
A meeting was held with a designer engineer responsible for the doors to discuss idea 3 since 
it affects the sheet metal of the door. 
 

 
 Figure 71. Idea 3  
 
The conclusion from this discussion was that integrating a blind in the door is not possible. 
Due to the geometry of the side door there is not enough space. Because of the manufacturing 
methods of the door it would also be difficult to install the blind in it. There is also a risk of 
water coming in since the door no longer would be a closed structure. Therefore this idea was 
excluded. 
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Idea 4 
 

 
 Figure 72. Idea 4 
 
The blind is housed in a cover, which is fastened under the upper door list. The guide rails are 
attached in the door. The cover will take up space from the window but this solution has 
infinitely variable adjustment abilities and does not have to be readjusted when 
entering/exiting the cab. 
 
After this evaluation only one sun visor and one blind idea remained.  
 
4.5.4.3 Concept Selection 
With two remaining concepts (Appendix 11, page 3) a meeting was held with the same design 
engineers at Interior Trim Group who discussed the windshield. The two side window 
concepts were presented and the engineers gave their opinions about them. 
 

 
 Figure 73. Concept A 
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 Figure 74. Concept B – front view Figure 75.  Concept B – side view 
 
To reach a final solution for the side window a value analysis and an evaluation chart was 
used (Chapter 3.5.2 and 3.5.3). To select the best solution the concepts were evaluated on 13 
different criteria. Some were taken directly from the list of requirements, whereas others were 
a combination of two or more requirements. The value analysis can be found in Appendix 12, 
page 2 and the evaluation chart in Appendix 13, page 3 – 4. By using this method concept B 
was selected. 
 
4.5.4.4 Final Design 
A more detailed design work was done to further develop concept B. This consisted of 
looking at CAD-models and generating and sketching ideas of more detailed solutions.   
 
After realizing that it was not possible to integrate the side window blind in the doorframe 
(Chapter 4.5.4.2 – Blinds) the discussion with the responsible door design engineer passed to 
the possibilities of attaching the blind under the upper door list. Attaching a blind horizontally 
in the inclined upper list of the side window would not look aesthetical. To obtain an 
aesthetical look the blind it could be hidden in a cover that follows the shape of the window. 
To reduce the number of parts the blind attachments should be integrated with the cover. 
 
To hold the blind in position when driving, guide rails should be attached on the door. By 
using guide rails gaps will appear between the inclining front edge of the door and blind and 
therefore the side window blind would not work satisfactory for blackout, which was the first 
idea. Because of this the decision was made to design the blind only to reduce glare in the side 
window while driving. Curtains (which will be described later on, in Chapter 4.5.6) in the side 
windows would be used to black out the cab.  
If the front guide rail is positioned vertically it is easy for the hem bar to follow it, but the rail 
would be in the driver’s field of vision when looking out of the side window. By letting the 
front guide rail follow the inclination of the door this could be avoided but the hem bar needs 
some sort of expanding system.  
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 Figure 76. Blind with expanding hem bar 
 
The conclusion from the reach test above was to use a manual blind on driver side and a 
motorized roller blind on the passenger side. Looking at the blinds investigated above 
(Chapter 4.5.3.2) the most suitable is a spring tensioned roller blind. The discussion came up 
whether a scissor blind is more suitable. This type of blind has a friction system, which allows 
it to be raised and lowered to any position. The blind can be manual or electrical but the 
disadvantage is that it is heavy and it might be clumsy in the side window.  
 
Some of the trucks and cars in the benchmark had side window blinds with perforated 
material. To see how efficient this type of material is this issue was examined. Twelve 
materials, provided from ITI Industriale, with different sized perforations were looked at and 
compared with an opaque material. 
 
The different materials were held up against the side window in a FHL2H2 truck standing 
outdoors. By looking through the material, first towards the sun and then in the rear-view 
mirror, the efficiency to block out sun and the see-through ability was evaluated. 
 
The conclusion was that if the material has large perforations the see-through ability is good 
but instead the efficiency to block out sun is poor and vice versa.  
 
If the blind material is perforated and the driver thinks it does not reduce glare properly he/she 
will probably not use it. Furthermore, the driver can adjust the blind as he/she likes and since 
it will not cover the whole side window the lowest part of the rear-view mirror will always be 
visible. Parts of it will also be visible through the gap between the blind and the front edge of 
the door. Therefore an opaque material is better. 

4.5.5 Roof Hatch 
The ideas for the sun protection and blackout system were discussed with the same three 
design engineers that discussed the windshield and the side window. Further ideas could, after 
these discussions, be excluded (Appendix 10, page 4 – 5).  
 
Since the Experimental cab did not have a roof hatch there were no possibilities to test the 
remaining ideas. Furthermore, because of the time limitation for the project no prototypes 
were made. Instead the exclusion of ideas was done only through discussions. 
 
During a meeting with representatives from a potential blind supplier, ITI Industriale the 
remaining roof hatch ideas were discussed. The representatives had many opinions regarding 
the design and mechanics, and this discussion gave a more profound understanding of how 
different sun protection and blackout systems for the roof hatch worked. They also provided 
information about for example different blind system dimensions. 
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4.5.5.1 Reach 
Looking at the result from the interviews approximately half the drivers, who had a roof hatch 
with a windowpane, did not use the blind while driving. Either it always covered the roof 
hatch or was drawn out when blacking out the cab. Some of the drivers also had exchanged 
the roof hatch for an air-conditioning system. Because of this the need for a sun protection 
and blackout system might not be that great. Therefore there is no need for it to be motorized. 
However, some of the interviewed drivers wished to have a motorized roller blind. To be able 
to adjust the sun protection and blackout system while driving it could be electrically 
controlled as an option. 
 
4.5.5.2 Different Types of Blinds 
By looking at the blinds investigated above (Chapter 4.5.3.2) it could be concluded that only a 
constant tension roller blind or a scissor blind could be used in the roof hatch. Other 
investigated blinds are based on a technique that takes advantage of gravity to keep the blind 
stretched out. Placing this blind in the roof hatch would therefore change its prerequisites. 
Instead a constant tension blind or a scissor blind could be used, or even a motorized roller 
blind, though the later would require a mechanism that pulls and pushes the blind. 
 
The main disadvantage with a scissor blind is that it is heavy and no brackets hold the blind in 
position. When driving, there is a risk that the blind vibrates and does not remain in the 
desired position. The advantage is that it is infinitely variable and can be either manual or 
electrical. 
 
The disadvantage with the constant tension roller blind is that it has to be put in pre-selected 
positions. Half the drivers in the inquiry who had a windowpane in the roof hatch either 
covered it at all times or only drew it out only to black out the cab. Furthermore there are no 
sight demands for the roof hatch. Since it is not important to have a lot of adjustment abilities, 
pre-selected positions seems to be efficient enough. Therefore a constant tension roller blind 
is the best solution. 
 
4.5.5.3 Concept Selection 
Since many of the interviewed drivers wished to have a bug net it seems to be an important 
issue to consider. Therefore all the remaining ideas were modified to contain one. At the same 
time some of the ideas were combined into new ones, while others were excluded (Appendix 
11, page 4). Since the four modified concepts could not be tested, the different designs were 
discussed more thoroughly to make sure that no rash conclusions were made.  
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Concept A 
 

 
 Figure 77. Concept A 
 
The idea was redesigned after talking to the three design engineers at the Interior Trim Group. 
Instead of having the bug net and blackout curtain sewn together there should be a buckle 
between them.  
 
The disadvantage with this concept is that the handling becomes more difficult. If a spring 
pulls back the bug net and a motor drives the blackout curtain the two units have to be 
buckled up otherwise the system would not work. The reason for this is that, due to the lack of 
gravity, the motor cannot push the blackout curtain. It can just pull it back. The motor could 
be designed to make this work but it might be a complicated design that would cost a lot of 
money. The problem would still remain in a solution with a motor on each side and it would 
be more expensive. A possibility is to use a scissor blind instead of the original idea with a 
constant tension roller blind but that would make the system heavy.  
 
The advantage with this kind of system is that it has an integrated bug net. Most of the drivers 
in the investigation preferred having one. This solution also gives the freedom of choice to 
have any desired combination of bug net and sun protection/blackout or only an open window 
with nothing covering the roof hatch. 
 
Concept B 
 

 
Figure 78. Concept B – isometric view 
 

 
 Figure 79. Concept B – side view 
 
The disadvantage with this solution is that it takes up much space in a place where the space 
is already scarce since the frames are stored between the inner roof and the body-in-white 
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when not covering the roof hatch. Since the sun protection and blackout system is made of the 
same material as the inner roof it isolates the cab better than the other concepts because of the 
thicker material. When driving with the roof hatch open this solution might not flutter as 
much as the other concepts due to the thicker material. Another advantage with this concept is 
that it is simple and cheap if manually handled. The same principle is already used in cars 
where it works well.  However, depending on the proportions of the frames there is a risk that 
they get stuck in the guide rails when being pulled or pushed. If the concept should be 
electrically controlled a complicated solution is needed because the frames must be both 
pulled (to cover the roof hatch) and pushed (to uncover the roof hatch). Such a solution might 
get expensive. 
 
Concept C 
 

 
 Figure 80. Concept C 
 
This concept was redesigned after talking to the engineers at the Interior Trim Group. It is 
similar to concept A but instead of having a blind in each end of the roof hatch the blinds lie 
on the same side. Since the bug net only needs two positions, either covering the roof hatch 
completely or not at all, there is no need for it to be electrical. The opaque blind is manual but 
a motor can be put inside the roller tube if desired. The attachment points for the net and the 
blind are molded as a part of the roof hatch trim and therefore no extra parts are needed when 
installing the blinds in the cab. Installing the blinds on the same side of the roof hatch 
facilitates repair if the system fails.  
 
Concept D 
 

 
 Figure 81.  Concept D 
 
This concept is a result of combining two ideas (Appendix 10, page 5, idea 18 and 19). The 
blind (idea 18) was developed to house the motor inside the roller tube if a motorized roller 
blind is desirable.  
 
In this concept, the bug net takes little space since it is attached with velcro. Instead space is 
needed between the velcro and the blind to be able to attach the net. However some space 
may be saved in z-direction which gives more space inside the cab.  
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The disadvantage of this solution is that the bug net does not have a storage space. Without 
such a space the driver might lose it. Furthermore, this looks like a rather cheap solution and 
the drivers might think it is troublesome to attach the net. 
 
A meeting was held with the same design engineers at Interior Trim Group who discussed the 
windshield and side windows. The four roof hatch concepts were presented and the engineers 
gave their opinions about them. 
 
To select the final solution for the roof hatch a value analysis and an evaluation chart was 
used (Chapter 3.5.2 and 3.5.3). Nine criteria were chosen to get the best solution possible. 
Some of them were taken directly from the list of requirements, whereas others were a 
combination of two or more requirements. The value analysis can be found in Appendix 12, 
page 3 and the evaluation chart in Appendix 13, page 5 – 6. Concept C was selected. 
 
4.5.5.4 Final Design 
Concept C was further developed through a more detailed design work. By discussing, 
sketching and CAD-modeling more a detailed solution was developed. 
 
Looking at CAD-models it was realized that the placing of the blind and the bug net was an 
important factor to investigate. If the blinds would require more space than the height (z-
direction) of the roof the roof hatch trim would have to be extended below the cab ceiling. 
Placing the two blinds at different z-coordinates in the CAD-model showed different space 
savings. Finally a favorable position was found. However, since the bug net buckle has to be 
easily accessible the opaque blind was positioned even further below the bug net blind.  
 

  
 Figure 82. Placement of the blind and guide rails 
 
Different designs of the guide rails were investigated to find the most suitable solution.  
 
The constant tension roller blind has to be kept in position by a mechanism. The mechanism 
of the Globetrotter XL blind was examined. It is quite easy to handle but the blind does not 
stay in position. Different types of mechanisms were considered but since the current one 
seems to be the easiest to handle this principle was kept but redesigned. 
 
To prevent bugs from entering between the bug net and its guide rails the area must be fit 
tight. Different ways of doing this are for example rubber molding and bristles. If the guide 
rails would have rubber moldings the hem bar would be hard to pull due to the friction 
between the molding and the bar. Therefore bristles would be a better solution. On the other 
hand a rubber molding is placed on the strip to prevent light from entering.  
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To get ideas for the bug net buckle a brainstorming session was held. It resulted in two main 
principles, mainly because of the easiness to handle them but also because of the good 
ergonomics. The first principle was the seat belt buckle principle and the other one the 
backpack buckle principle. 
 
A decision was made not to continue the development of the buckles since there are probably 
many good buckles available on the market. Furthermore, the blind producer would probably 
design and integrate the buckle with the rest of the system. However, it is desirable that the 
solution is based on the principles mentioned i.e. that it still works as a snap-fit and is easy to 
release, which will provide good ergonomics.  

4.5.6 Curtains  
Since the blind in the side window is designed only to reduce glare additional curtains had to 
be integrated with the system to black out the cab. Since the windshield blind works as both 
sun protection and blackout the curtains only have to cover the side windows. Looking at the 
ideas generated during the brainstorming (Appendix 7) it was realized that only one idea 
could be integrated with the rest of the system, idea 5. 
 
4.5.6.1 Ideas 
In the matrix of ideas concept 1 is only an extra function. This concept is excluded since the 
drivers’ taste varies. Therefore it is difficult to find colors and patterns for the curtains that 
most drivers would like. Some drivers also re-cover their cabs and then it might be difficult to 
find a suiting curtain. This option would only be expensive and probably not profitable. 
 
Concept 2, 3, 9 and 10 was combined with concept 5 after some redesign. Instead of having a 
separate curtain strip with clips and attach the curtain to it the curtain would be attached in the 
same way as in the current cab. 
 
Seeing that almost none of the interviewed drivers used the divider, concept 4 and 11 were 
excluded since they include a divider. Concept 6 is also excluded because a curtain that works 
as a blackout system is needed. 
 
4.5.6.2 Final Design 
To integrate the combined and redesigned curtain concept with the rest of the system a more 
detailed design work took place. It was done through discussions and sketching. The same 
three design engineers that discussed the windshield, side window and roof hatch participated 
in some of the discussions. 
 
If the curtain rail has the design as in Figure 83 gaps can be removed. 
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 Figure 83. The curtain rail covers the gap 
 
Since the function for the curtains only is to cover and black out the side windows the curtain 
rails can be shorter and have a more straight shape, which facilitates the manufacturing 
process.  
 
Discussions regarding whether the divider should be an option or be excluded were held. Only 
two of the drivers in the investigation use it when they sleep. Three additional drivers had 
modified it to only cover the upper bunk so no one can see what they bring with them. Most 
of the interviewed drivers also pointed out that they would not miss the divider or already had 
removed it. Since not many drivers use the divider the decision was made that the divider 
should be optional.  

4.5.7 Extra Functions 
The extra functions were considered first when the design of the sun protection and blackout 
system was finished (Appendix 10, page 1 and 3). Since the finished design for sun protection 
and blackout in the windshield, side window and roof hatch looks the way it does no extra 
functions were integrated with the system. However, it would be interesting to test the idea of 
using the windshield blind as a projection screen (Appendix 10, page 3, idea 6) and see if the 
picture would be deformed due to the slightly bended shape of the blind.  
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5 Result  

5.1 Windshield 
A solution for the windshield, which fulfills the requirements (Appendix 6, page 1) in the best 
possible way, is a motorized roller blind, integrated with the A-pillar trims. The blind, with a 
motor housed inside the roller tube, can be raised and lowered to any position and allows 
manual pull down without damaging the motor. The blind is easy to handle when driving and 
have good vertical adjustment abilities. Using one blind, with an opaque curtain, integrated 
with the A-pillar trims makes this solution suitable for both sun protection and blackout.  
 

  
 Figure 84. Windshield solution Figure 85. Windshield solution 
 
The edge of the A-pillar trim, closest to the windshield, is shaped to fit between the flange and 
the windshield. This forms a guide rail channel which is estimated to be 25 – 30 mm deep to 
work properly as a support for the blind. Metallic rails are infused in the channel to facilitate 
the handling of the blind and keep it in position.  
 

 
 Figure 86. A-pillar containing guide rail 
 
To efficiently block out light the blind hem bar has the same curvature as the dashboard. In 
the sloping part of the dashboard, towards the windshield, there is a channel in which the hem 
bar will lie when the blind is pulled down completely.  
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 Figure 87. Channel for the hem bar in the dashboard 
 
The motorized roller blind will be placed inside the front shelf as close to the windshield as 
possible. This placement will provide space under the shelf, e.g. for lamps, and it is also safer 
in case of an accident, e.g. head impact. 
 
To reduce the production cost the attachments for the blind will be molded as a part of the 
front shelf. The blind will be assembled with the shelf before installed in the cab. During the 
cab assembly the blind only has to be pulled out into the guide rails in the A-pillar trims.  
 
When driving, the motorized roller blind is controlled with a maneuvering control button. 
This button allows the blind to be lowered as far as the lowest tolerable sun protection 
position for the 5th percentile human, which is approximately 44 mm under the German Eye 
Point (Chapter 4.5.3.1). When reaching this position a system, e.g. a sensor, automatically 
prevents the blind to be lowered any further so that the blind does not block the driver’s field 
of vision. To pass this position a safety button has to be pushed at the same time as the 
maneuvering control button. These two buttons are located in a way so that the driver has to 
use both hands to push them.  

5.2 Side Window 
A solution for the driver side window, which fulfills the requirements (Appendix 6, page 2) in 
the best possible way, is a manual spring tensioned roller blind (Chapter 4.5.3.2). Due to the 
inclined upper window edge the blind is housed in a cover which frames the side window. 
This looks aesthetical and blends in with the rest of the cab interior. However, a disadvantage 
is that the actual size of the window will be reduced. By assembling the blind with the cover 
before installing them in the cab fewer parts are involved in the cab assembly.  
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 Figure 88. Cab door cover 
 
The blind provides good vertical adjustment abilities and retracts fully when pulling the hem 
bar. This makes it easy to handle with one hand while driving.  
 
The solution for the passenger side window is a motorized roller blind which has a motor 
housed inside the roller tube and can be raised and lowered to any position. It also allows 
manual pull down without doing any damage to the motor. The blind is housed in a similar 
cover as the blind in the driver side window. The electrical blind is easy to handle when 
driving and there are good vertical adjustment abilities as well. To handle the motorized roller 
blind when driving a maneuvering control button is used. 
 
Since not all drivers wished having sun protection in the passenger side window the blind in 
that window is optional. If the driver chooses not to have a blind, an empty cover will be 
mounted to keep the cab’s aesthetical look. Another option for the drivers is a motorized 
roller blind in the driver side window for extra comfort.  
 
The door covers have the same size at both sides of the cab. The same attachment points and 
guide rails are used for both the manual and electrical blinds. If the driver wants to install a 
motorized roller blind on the driver side this is easy to do.  
 
The blind is stabilized with two guide rails attached on the door cover. They follow the rear 
and front edge of the side window. Attached in this way the guide rails does not interfere with 
the driver’s field of vision when looking out of the side window.  
 
Because of the inclined front edge of the side window the hem bar has a spring system. The 
spring stretches out so the hem bar can follow the guide rails when the blind is pulled down. 
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 Figure 89. Guide rail placement and hem bar with spring in cab door 
 
By mounting the blind on the door entry/exit without readjustment is allowed.  
 
To suit drivers between 5th and 97.5th percentile the width of the blind is approximately 290 
mm (chapter 4.5.4.1 – Tests for the Dimensioning of the Sun Protection).  
 
The blinds are only designed to reduce glare in the side windows. To block out light curtains 
will be used. Most drivers in the inquiry wished to have curtains in the cab because they 
create a homelike atmosphere. Therefore it is good that the blinds and the blackout curtains 
complement each other. 
 

 
 Figure 90. The side window is complemented with curtains for black out 
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5.3 Roof Hatch 
A roof hatch solution, which fulfills the requirements (Appendix 6, page 3) in the best 
possible way, is two constant tension roller blinds. The blind closest to the roof hatch is a bug 
net while the other blind, with an opaque material, is used for sun protection and blackout. 
 

 
 Figure 91. Roof hatch solution 
 
The bug net is handled manually because it has only two meaningful positions, either it covers 
the roof hatch and prevents bugs from entering or is kept on the roller tube, which works as a 
storage space. With only two meaningful positions and the fact that the bug net is never 
adjusted while driving there is no need for a motor to drive it.  
 
The bug net handle is based on a seat belt buckle or a backpack buckle principle. But the 
buckle has not been developed any further because there are probably many good buckle 
solutions available on the market. Furthermore, blind producers probably design and integrate 
the buckles with the rest of their systems. However, it is important that the buckle still works 
as a snap-fit and is easy to release to provide good ergonomics. It was estimated that the 
handle should be 20 mm wide (z-direction) to allow a good grip. 
 

    
Figure 92. Bug net in the roof hatch 

 
The opaque blind is handled manually but an electrical alternative is provided as an option. 
The manual blind can be drawn out to four different positions; covering one fourth, one half, 
three fourths or the entire roof hatch. The driver inquiry showed that these adjustment abilities 
for the sun protection/blackout blind are sufficient enough. Having more than four positions 
would only cost money for a function, which seems not to be needed. 
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For drivers who wish to adjust the opaque blind while driving, a motorized roller blind is 
provided as an option. The motor is housed inside the roller tube and therefore no extra space 
is needed. Because of the gravity issue a mechanism, mainly consisting of a wire and a pulley 
is connected to the motor to pull and push the blind. This mechanism is only a principle and 
not fully developed.  
 

 
  Figure 93. Mechanism for the motorized roller blind 

 
The bug net and the opaque blind run in double guide rails (Figure 96). Both the manual and 
electrical blind use the same guide rails. The guide rails for the blind have four notches. The 
manual blind is kept in position by two pegs, situated on the hem bar, which are pressed into 
these notches with a spring. To release the blind the handle is pinched together which 
compresses the spring. When letting go of the handle the spring expands and presses out the 
pegs which are caught by the closest notch as the blind pulls back.  
 
The blinds are positioned as in Figure 96; the distance between them in the z-direction is 30 
mm which is the most favorable position. This minimum distance that allows the bug net 
handle to have a comfortable grip. The air door generated between the opaque blind and the 
window pane in the roof hatch works as insulation.  
 
To simplify the manufacturing the attachment points for the blinds are molded in the same 
part as the roof hatch trim. Both the manual and the electrical blind fit into the same 
attachment points. The double guide rails are manufactured (extruded) separately and are 
attached to the roof hatch trim when assembling it. Due to the different molding directions it 
is difficult to mold them in the same tool. Even if that would be possible it would require a 
more expensive tool. Molding the parts separately and then assemble them will probably be 
cheaper. 
 
To prevent bugs from entering between the guide rails and the bug net the area must be fit 
tight. This is accomplished by having bristles in the guide rails. A rubber molding is placed on 
the strip to prevent light from entering. 

5.4 Curtains 
Since the blinds are designed to reduce glare in the side window additional curtains are 
integrated with the system to cover and black out the side windows. The drivers wished to 
have curtains in the cab because they create a homelike atmosphere, even if they do not fulfill 
any purpose. Therefore it is good that the blinds and the blackout curtains complement each 
other. 
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The curtains are half the size from today and will be provided in only one color and pattern. 
One or more optional colors or patterns for the curtains might be more expensive and not 
profitable.  
 
When interviewing the drivers it became clear that the curtain fabric was not opaque enough. 
One of the constraints of this thesis is not to choose material and therefore this is only 
something to take into consideration.  
 
Since the curtains only cover the side windows the curtain rails will be shorter than today. 
This facilitates the bending process and there is a smaller risk for the rails to deform. Due to 
the fact that the amount of discarded material will be reduced and that the rails are shorter 
money can be saved. Furthermore the curtain rails in combination with the curtains will be 
easier to handle during the cab assembly due to shorter rails and less fabric, which lowers the 
weight of these two components.  
 
The clips, which will be sewn onto the upper edge of the curtains, run smoothly in the curtain 
rails and it is easy to pull the curtains. In both ends of the curtain rails there are stoppers, 
which prevent the curtains from slipping off. The stoppers are provided with a thin string 
fastened in the end of the rail. If the driver wants to take down the curtains, e.g. for washing 
them, there is no risk for the driver to loose them. The curtain is attached to the curtain rail by 
pressing the clips against it until they snap into the rail. 
 

 
 Figure 94. Stopper in the end of the curtain rail 

 
To prevent light from entering between the front edge of the side window cover and the 
curtain a magnetic tape is put in the front hem of the curtain. Magnets are also put inside the 
front edge of the side door cover. When it is desirable to black out the cab the curtain is pulled 
parallel to the front edge of the door cover where the magnets snap against each other. This 
solution is not only functional but also aesthetical since no attachment equipment is visible. 
Since this idea has not been tested this is only a recommendation. 
 
To prevent the curtains from sliding forward during driving the curtains are held in position 
with tie-backs fastened behind the side doors. 
 
The divider is optional since only a few drivers in the inquiry used it. Some of them had also 
modified it to only cover the top bunk. The design of the divider has not been looked into. 
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5.5 Overall System 
The final solution is a system of blinds and curtains that fulfill all demands and many of the 
wishes. It can be safely operated from the driver seat and has sufficient adjustment abilities to 
reduce glare for all drivers between the 5th and 97.5th percentile. The blinds are easy to handle 
and the blacking out of the cab has been facilitated. The demands regarding material 
properties have not been considered since this was outside the constraints of the thesis. 
 
By hiding the blinds inside the front shelf, the side window cover and roof hatch trims they do 
not disturb the lines in the cab when not used. When drawn out they blend in with the rest of 
the interior. This will contribute to the cab’s aesthetics. 
 

  
 Figure 95. Windshield solution Figure 96. Side window solution 
 

  
 Figure 97. Roof hatch solution Figure 98. Curtain solution 
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 Figure 99. Overall system 
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6 Discussion 

6.1 Gathering Information 

6.1.1 Study of Literature  
Since the purpose of the thesis was to develop a system for sun protection and blackout that 
satisfies both the customers’ and Volvo’s needs it was important to find out what could be 
expected of such a system. The information gathering concerned three fields; what demands 
must be set on a system in order to make it safe and functional, what do the drivers want from 
the system and in which way does the cab limit the system. 
 
A lot of knowledge was gained by talking to different experts, people who have been working 
with a certain area for several years. It is good to learn from other people’s experience but at 
the same time it is important not to let them have too much influence since they might be set 
in their ways and not be open to new ideas.    
 
Since no previous investigations concerning the issue had been done it was hard to find 
relevant literature. Before the driver inquiry was carried out several books regarding 
questionnaires and interview techniques were read. All these books had been published quite 
recently and presented quite similar ideas. Therefore the theories could be regarded as 
applicable.  
 
The information for the theory chapter was principally found in Internet based encyclopedias, 
for example Encyclopædia Britannica Online. These encyclopedias were accessed from the 
home page of Luleå University Library and are a service to which the library subscribes. They 
could therefore be regarded as reliable sources. The other books used for this chapter were at 
a maximum ten years old and the information corresponded to the information found on the 
web pages. It is therefore reasonable to believe that these sources are reliable as well. 
 
Another source of information was articles, mainly from the SAE Global Mobility Database. 
Since not many studies concerning the subject had been done, some of the articles found were 
quite old and it could therefore be suspected that the information was no longer completely 
valid. It was therefore confirmed with more recent sources. 
 
Other home pages were also studied, mainly for information about available products and 
electrochromic materials. Many of the pages belonged to the companies producing or selling 
the products. The information provided by them is subjective since these homepages are a 
marketing tool. Regarding the electrochromic materials, the information were mainly found 
on home pages belonging to organizations of education. 

6.1.2 Benchmark 
In the benchmark all European truck brands were investigated. For all brands, except Renault, 
the biggest cab models were examined personally by the authors of this thesis. The trucks 
belonged to haulers and might therefore have contained some extra equipment or have had 
something removed.  
 
In the meetings with suppliers their current products and ideas for future solutions were 
discussed. It is important to bear in mind that suppliers want to sell their products. Due to this, 
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they naturally push for their solutions and might also be too optimistic regarding what is 
feasible or not. 

6.1.3 Interviews and Inquires with Truck Drivers  
The driver inquiry provided important information. The intention was to study 30 drivers, 
driving several different brands, and make comparisons between them. Unfortunately this 
proved to be very hard, mainly because Volvo and Scania are the dominant brands on the 
Swedish market. All major brands can bee seen on the Swedish roads but trucks of other 
brands mostly belong to foreign companies. It was decided that only Swedish speaking 
drivers should participate in the investigation since it would be hard to translate the 
questionnaire so that the meaning of the questions would be identical. Carrying out interviews 
in more than one language might lead to a reduced congruity.  
 
It was also decided that the drivers should be contacted through hauler companies since it was 
considered unsafe to conduct the interviews at truck stops. This also contributed to the fact 
that only Swedish speaking drivers were interviewed.  However, in the end of the 
investigation period a German speaking driver, working for a Swedish company was 
interviewed because he had a special truck. It is hard to say if the language influenced the 
result since no other driver drove a similar truck.  
 
Volvo 3P requested that their Field Testing Department first contacted the companies. All the 
hauler companies belonged to Volvo 3P’s test group and were used to taking part in 
investigations. This might have influenced the result, for example it is possible that the 
companies in some cases chose drivers with many opinions for the interviews. The fact that 
the majority of the drivers worked for the same company might also have influenced their 
answers. They might have discussed the issue and influenced each other’s opinions.  
 
In the pre-test, where the questionnaire was distributed to a group of drivers, the results were 
a bit disappointing. Some drivers had not taken the inquiry seriously, questions had been 
misinterpreted and the answers felt a bit brief and insufficient. Therefore it was decided that 
the inquiry would be conducted through interviews instead. However, interviews have both 
benefits and disadvantages. The greatest benefits are the opportunity to explain questions that 
the respondent does not understand and the possibility to ask follow-up questions. One 
disadvantage is that the interviewer’s body language and way of asking the questions might 
influence the answers. In this case the interviews were conducted by two different persons 
with a questionnaire as basis. Since both interviewers have a different way of approaching 
people they probably had some influence on the answers, for example by appearing more or 
less enthusiastic. During the interviews the answers were noted on the questionnaire by the 
interviewer. These notations were later inserted into an Excel document. Most questions had 
pre-stated response alternatives and for them the notations should be correct. However, it is 
possible that if a respondent was uncertain of a question the interviewers could have 
influenced the answer by explaining the questions differently. When it comes to answers 
without pre-stated alternatives and comments it was not possible to note these word for word. 
Therefore they had to be written down later. Since several interviews were conducted after 
each other some information might have been lost or misinterpreted. It is also possible that the 
interviewers interpreted the answers differently depending on their knowledge and 
experience.  
 
The haulage business has very tight margins and it is important that the transports are in time. 
Difficulties interviewing the drivers during working hours made it necessary to try to set up 
the interviews on their spare time or between driving shifts. The easiest way of doing this was 
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over the phone. However, this increased the interviewer’s influence when registering the 
answers since it is harder to interpret a person when the body language and facial expressions 
are missing.  
 
Since there was a problem of finding drivers but also because many drivers drove several 
different trucks some respondents answered for more than one truck. This provided more 
information, which was good, but it also complicated the compilation and interpretation of the 
material. 
 
Since it proved to be hard to interview 30 drivers within the timeframe of this thesis only 21 
drivers participated in the study. The target group for the inquiry was drivers who sleep in the 
cab since they handle both sun protection and blackout equipment. The drivers were not 
chosen to be representative for the population. Therefore the result is not valid from a 
statistical point of view but it presents a variety of opinions from a group of experienced 
drivers. They drove in different parts of Europe and were therefore used to different light 
conditions. The height variety among the drivers was big enough to discover some tendencies 
regarding relations between height and some of the aspects in the inquiry, e.g. blocking the 
view. However, it is important to bear in mind that even the short drivers in the inquiry are 
taller than the 50th percentile. 
 
Most drivers in the inquiry had only driven Volvo and Scania trucks, which have similar sun 
protection and blackout systems. It is therefore possible that their opinions regarding other 
types of systems, such as blinds, were based on opinions stated by drivers driving other 
brands. It is more common for people to talk about things that not fully meet their expected 
level of satisfaction, than items and products that work as intended. Therefore the drivers in 
the inquiry might have heard and remembered more negative than positive remarks. Drivers 
who have experienced for example burglary and accidents might be affected by this and 
therefore have opinions that differ from other drivers. Since no such background information 
was asked for, it is not possible to see if and how this has influenced the result. 
 
The results of the inquiry in combination with other knowledge gained during the information 
gathering gave a good basis for the product development process.  

6.2 Clarifying the Task 
The information gathering resulted in a great amount of information that had to be compiled 
into a more manageable form. Pahl and Beitz’s method (Chapter 3.3) was chosen since it is 
easy to follow and have been used with good results in previous projects. 
 
The problem elucidation summarized the information in a good way and it resulted in a good 
comprehension of the problem. 
 
The decision was made to divide the list of requirements into three sections since the 
requirements differed so much between the windows. This facilitated the work but at the same 
time it risked losing the integrated view of the problem. It was considered that all necessary 
requirements were listed. It is good if each requirement could be assigned limit values. In this 
case it was not possible as there were no defined values to start from; neither the shape nor the 
measurements of the cab were determined.  
 
The abstraction covered the aspects of the list of requirements at the same time as being 
solution neutral and therefore served as a good basis for the idea generation. 
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6.3 Idea Generation 
The idea generation was mostly done through brainstorming. In the beginning, the task was so 
complex that it was difficult to use other idea methods since they often focus on more defined 
problems. Brainstorming was also a familiar method for all people participating in the idea 
generation sessions.  
 
The brainstorming sessions had participants with a great variety of backgrounds. Those who 
had worked with sun protection or adjacent fields for several years tended to be more 
conservative in their thinking compared to many of the thesis workers. All participants were 
engineers or engineering students and this might have influenced their way of thinking. 
Different types of ideas might have been generated if participants from other fields, for 
example designers had been included in the sessions. 
 
Later on in the development process ideas were generated through discussions. These ideas 
mostly concerned detailed solutions.  
 
The matrix of ideas was used to get an overview of all generated ideas. It did not completely 
correspond to Pahl and Beitz’s matrix since their method groups the ideas according to sub 
problems. Instead the groups were formed by ideas that work similarly and thereby some of 
the intention with the matrix was lost. It might have been a better approach to group the ideas 
according to in which window they could be used. This would have resulted in a far bigger 
matrix since many of the ideas were suitable for several windows. 

6.4 Idea Evaluation 
To start the idea evaluation with discussing the pros and cons of all the ideas was a good 
method. Not only were the ideas evaluated but it also led to a common image of each idea. 
Since people interpret the world according to their knowledge and experience they might see 
the same idea in different ways which will cause them to evaluate it differently. This method 
was also a good way to exclude ideas since it was discovered that many of them would not be 
feasible. 
 
To continue the idea evaluation process simple prototypes, were made to test different 
functions of the ideas. Although this is a time consuming process it is valuable, since it makes 
it possible to discover problems that would have been difficult to detect by discussing 
sketches and CAD-models.  
 
The ideas for the windshield and the side window were subjected to tests. These tests were 
performed with simple equipment, e.g. cardboard models, a spirit level and a tape measure 
and because of that all measurements are approximations.  
 
The test group only consisted of three people. On the other hand these three covered the 
whole height scale from the 5th to the 99th percentile. The tests were carried out indoors in a 
workshop where the light conditions were not satisfying since the Experimental cab was the 
only one available for the project. To get more accurate measurements the tests should be 
performed either outdoors or in an environment with better light conditions. Because of these 
factors the test results should be seen more as an indication of necessary measurements.  
 
For the roof hatch and curtains it was not possible to carry out any tests. These two do not 
have the same impact on the driving and therefore fewer factors need to be adapted to the 
driver’s size. There is no placement that allows safe handling of manual sun 
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protection/blackout equipment while driving. If this is desirable it can solved by using a 
motorized solution. The curtains should only be used when not driving and thus do not have 
to be reached from the driver seat. Therefore a reach test was not necessary and no other types 
of tests were interesting at this stage.  
 
After the tests the final selection was done by using a value analysis and then an evaluation 
chart. These methods were chosen since it was considered to give the fairest result. There was 
an intention to let some of the drivers from the inquiry evaluate the final concepts. To receive 
valid results from such an evaluation the equipment used have to be realistic to make sure the 
test persons understand the concepts correctly. Since building prototypes is time consuming it 
was not possible to fit this into the timeframe of this project.  

6.5 Result 

6.5.1 The Drivers’ Scepticism to Blinds 
Many drivers in the inquiry were not positive to blinds. They were afraid that an electrical 
system would fail. Some drivers had heard Renault Magnum drivers complaining of problems 
with the motorized blinds. However, when contacting a person at Volvo 3P in France she 
found out that Renault has not had any complaints of failing blinds and their customers are 
satisfied. Despite the drivers’ concerns, blinds were chosen since they best fulfill all functions 
that were asked for. Only a few of the drivers in the inquiry had driven a truck with blinds. 
For those who had not, it is difficult to form a fair opinion. It can therefore be assumed that 
the drivers will appreciate the blinds once they get used to them and realize the benefits that 
this solution has compared to the current system. To give a good impression, the system must 
be tried out carefully so that nothing breaks or fails. Then the drivers will rely on the system 
and use it. 

6.5.2 Costs 
Blinds are probably more expensive than the current sun visors since they contain complex 
mechanisms. Motorized blinds are even more expensive due to their electrical components. 
However, looking at the system as a whole the cost might not be that much higher. For 
example the length of the curtains has been reduced by approximately 50 per cent, thereby 
reducing the amount of fabric needed. Likewise, the length of the curtain rails has been halved 
and since they only cover the side windows the shape is simplified which will reduce the 
manufacturing costs.  
 
The system offers options between manual or motorized blinds. This might seem expensive, 
but the trims, covers and attachment points are designed to fit both alternatives to not affect 
tooling costs. Therefore the only excessive costs are involved with the two different blinds. 
 
Even if the cost of the new system will be higher it is important to remember that almost all 
competitors already offer blinds. The adjustment abilities of the new system are much better 
thus allowing the driver to more easily adjust the sun protection to suit his/hers needs. 
Hopefully this will lead to more satisfied customers. 
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6.6 Recommendations 
Since the sun protection and blackout system is on the concept stage a recommendation is that 
prototypes of the system should be built and tested in driving situations. 
 
Since investigating different materials was outside the thesis’ constraints suitable materials 
(Appendix 6) have to be chosen.  
 
Locations of control buttons for all motorized blinds have to be investigated and a user-
friendly interface has to be designed. 
 
Chromogenic materials is an interesting concept that was investigated but discarded on an 
early stage since it is not yet developed enough. A description of available chromogenic 
techniques can be found in Appendix 8. A recommendation is to follow the research in this 
field since this is probably one of the techniques for the future.  



Combined Sun Protection & Blackout System 

 

References  
Dahmström, K. (2000) Från datainsamling till rapport – att göra en statistisk undersökning. 
3rd edition. Lund: Studentlitteratur. ISBN 91-44-01458-9 
 
Dhawan, S., Dr. Glare. Homepage. http://sdhawan.com/ophthalmology/glare.html. Last 
modified: Mars 2, 2005. (Accessed: Mars 9, 2005) 
 
Eilertsson G. (1996). Enkäten i praktiken – En handbok i enkätmetodik. Lund: 
Studentlitteratur. ISBN 91-44-00052-9 
 
“Eye”.  Britannica Student Encyclopedia from Encyclopædia Britannica Online.  
 http://80-search.eb.com.proxy.lib.ltu.se/ebi/article?tocId=9274165 (Accessed: Sept. 2, 2004) 
 
Equipment for the Safe Driving of Vehicles, Section 35b. (2000) Legislation. Germany 
 
Hamrin, Å., Nyberg M. (1994) Produktformning. Luleå: HLu 
  
Hultgren, I. Ergonomi. (1995) 4th edition. Falköping: Liber Utbildning AB. ISBN 91-634-
1285-3 
 
Karlsson, J. (2003) How to protect the driver from the sun. Master Thesis. Luleå, Luleå 
University of Technology, Department of Human Work Sciences. ISSN:1402-1617 ; 
2003:279 
 
“light” Britannica Student Encyclopedia from Encyclopædia Britannica Online. 
http://search.eb.com/ebi/article?tocId=9275471 (Accessed: Sept. 2, 2004) 
 
Nyman, KG., Spångberg, O. (1996) Synen, Ögat, Arbetet. 2nd edition (revised). Karlskrona: 
Futura. ISBN 91-7095-023 7 
 
Pahl, G., Beitz W. (2001) Engineering Design – A Systematical Approach. 3rd printing. 
London: Springer – Verlag  
 
Riggs, L. A., Sternheim, C. E. "Vision". AccessScience@McGraw-Hill. 
http://www.accessscience.com, DOI 10.1036/1097-8542.734000. Last modified: July 22, 
2002. (Accessed: Sept. 2, 2004) 
 
Trost, Jan. (2001) Enkätboken. 2nd edition. Lund: Studentlitteratur. ISBN 91-44-01816-9 

http://sdhawan.com/ophthalmology/glare.html
http://80-search.eb.com.proxy.lib.ltu.se/ebi/article?tocId=9274165
http://search.eb.com/ebi/article?tocId=9275471
http://www.accessscience.com


Current Volvo Systems   Appendix 1 

Page 1 (2) 

Volvo FH 
 
Curtains and divider 
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Volvo VN  
 
Windshield 

   
 

   
  
 
 
Curtains 
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SAE Population measurements for common percentiles 
 
SAE J833 Small Human – 5th percentile 
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SAE J833 Medium Human – 50th percentile 
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SAE J833 Large Human – 95th percentile 
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99th percentile male (Scaled)  
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Competitors 

DAF XF95 
 
Windshield 

   
 

   
The roller blind does not stay in place. 
 
Side window 
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Roof hatch 

   
 
Divider 
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Iveco Stralis 480 
 
Windshield 

   
 

 
 
Side window 

   
 
Roof hatch 
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Curtains 

   
 

 
 

   
 
Divider 
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MACK 
 
Windshield 

   
 

 
 
Side window 

   
The sun visor is used for both front and side protection. 
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MAN 
 
Windshield 

   
 
Side window 

 
 
Curtains 
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Mercedes Aktros 
 
Windscreen – roller blind 

   
 

   
The blind on the passenger side was broken. 
 
 Windscreen – sun visors 
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Side window 

   
 

 
 
Curtains – original 

   
 
Curtains – personal 
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Scania R-series 
 
Windshield 
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Roof hatch 

   
 

 It was difficult to fasten the blind. 
 
Curtains  
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Passenger Cars 

Audi A2 

   
 

 
 

Ford Maverick 

   
 

 The sun visor is covered by a soft fluffy fabric.  
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Ford Tourneo Connect S 

   
 

Jaguar XJ8 
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Jaguar S-type 

   
 

 The mirror light is controlled by a dimmer. 
 

Mazda RX-8 

   
 

Mercedes E240 

     
Has double sun visors. The outer on can be turned around to protect in the side 
window meanwhile the inner one protects in the windshield. 
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Saab 9-5 

   
 

   
 

   
Has double sun visors. The outer on can be turned around to protect in the side 
window meanwhile the inner one protects in the windshield. 
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QUESTIONS ABOUT BACKGROUND 
 
First we will ask you some questions about your background which will help us interpret the 

answers. Then questions about the sun protection in the different windows will follow. If some 

of the windows in your truck are without sun protection or your truck does not have the 

window in question, please continue to the next section. Finally we will ask some questions 

about blackout and some general questions regarding different types of sun protection. Thank 

you for participating! 

 
Which is the brand and model of your truck? From which year is it? 

___________________________________________________________________________

__________________________________________________________________________1 

 
How many years have you driven your current truck?________________________________2 

 
Which kind of routes do you drive? (Several options can be marked. Circle you answer.) 

Over the day 3  1-2 days 4 3-5 days 5 1-2 weeks 6 2 weeks or longer 7 

 
Where in Europe do you drive? (Mark the box corresponding to the zone/-s.) 

 
 

 

 8 

 

 

 

 9 

 

 

 10 

 

 

 

 11
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Are you…    Male 12   Female 13 

 
How tall are you?___________________________________________________________14 

 
In which year were you born? _________________________________________________15 

 
How many years have you worked as a truck driver?_______________________________16 
 
 
In the following pages you will find some questions about the sun protection in the different 
windows. If some of the windows in your truck are without sun protection or your truck does 
not have the window in question, please continue to the next section. 
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WINDSHIELD 
 
Do you have a fixed exterior sun visor in front of the windshield? (Please check the box 
corresponding to your answer.) 

 Yes 17    No 18 

 
What kind of sun protection do you have on the inside of the windshield? 

___________________________________________________________________________

_________________________________________________________________________ 19 

 
Do you use the interior windshield sun protection?  

 Yes 20   No 21 

 
How is the sun protection operated?  

  Manually 22   Electrically 23   Both manually and electrically 24 

 
Can you see how the sun protection should be operated? (Mark the number on the scale that 
corresponds with your opinion.) 
 

No, not at all        Yes, clearly  
 1  2  3  4  5  25 
 
The following questions apply to the original sun protection. Please disregard any changes 
that you might have done to it. 
 
Does the windshield sun protection remain in the position you have put it in?   

  Yes, always 26    Sometimes 27    No, never 28 

 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives can be marked.) 
 

  Yes, when it is not being used 29  

  Yes, when it is folded down/pulled out 30 

  No 31 

 
How does your sun protection block out the sunlight in the windshield?  

  Blocks out completely 32   Blocks out partly 33   Does not block out at all 34 
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If the sun protection does not block out the sun completely, what is the reason? (Several 
alternatives can be marked.) 
 

  Gaps on the sides 35     Gaps in the middle 36   

  Sun enters below 37     The material lets light through 38 

Other:____________________________________________________________________ 39 

 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives can be marked.) 
 

  Yes, when it is not being used 40    

  Yes, always when it is folded down/pulled out 41 

 Yes, in some positions when it is folded down/pulled out 42  

  No 43 
 
How?______________________________________________________________________

_________________________________________________________________________ 44 

 
What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap         Exclusive 
1  2  3  4  5  45 

Ugly         Good-looking 
1  2  3  4  5  46  

Bad quality       Good quality 
1  2  3  4  5  47  

 
Have you altered the side window sun protection in any way to make it work better? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________ 48 
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SIDE WINDOW 
 
Do you have sun protection in the side window at… (Several alternatives can be marked.) 
 

 The Driver Side 49    The Passenger Side 50   

 Do not have sun protection 51 

 
If you do not have sun protection in the side windows please continue to page 7. 
 
What kind of sun protection do you have in the side window(s)? 

___________________________________________________________________________

__________________________________________________________________________52 

 
Do you use the side window sun protection?  

 Yes 53    No 54 

 
How is the sun protection operated?  

  Manually 55    Electrically 56    Both manually and electrically 57 

 
Can you see how the sun protection should be operated? (Mark the number on the scale that 
corresponds with your opinion.) 
 

No, not at all        Yes, clearly  
 1  2  3  4  5  58 
 
If you have sun protection on the passenger side, how do you operate it? 

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________ 59 

 
The following questions apply to the original sun protection. Please disregard any changes 
that you might have done to it. 
 
Does the side window sun protection remain in the position you have put it in?   

  Yes, always 60    Sometimes 61    No, never 62 

 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives can be marked.) 
 

  Yes, when it is not being used 63  

  Yes, when it is folded down/pulled out 64 

  No 65 
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How does your sun protection block out the sunlight in the side window(s)?  

  Blocks out completely 66   Blocks out partly 67   Does not block out at all 68 

 
If the sun protection does not block out completely, what is the reason? (Several alternatives 
can be marked.) 

 

  Gaps on the sides 69   

  Sun enters below 70    

  The material lets light through 71 

Other:____________________________________________________________________ 72 

 
If you only have sun protection in one of the side windows, does it occur that sunlight 
entering through the unprotected window bothers you?  

  Yes 73    No 74 

 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives can be marked.) 
 

  Yes, when it is not being used 75    

  Yes, always when it is folded down/pulled out 76 

 Yes, in some positions when it is folded down/pulled out 77  

  No 78 
 
How?______________________________________________________________________

_________________________________________________________________________ 79 

 
What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap         Exclusive 
1  2  3  4  5  80 

Ugly         Good-looking 
1  2  3  4  5  81  

Bad quality       Good quality 
1  2  3  4  5  82  

 
Have you altered the side window sun protection in any way to make it work better? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________ 83 
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REAR SIDE WINDOW 
 
Do you have rear side windows? 

 Yes 84   No 85 

 
Do you have sun protection in the rear side window at… (Several alternatives can be 
marked.) 
 

 The Driver Side 86    The Passenger Side 87   

 Do not have sun protection 88 

 
If you do not have rear side windows or sun protection in the rear side windows please 
continue to page 9. 
 
What kind of sun protection do you have in the rear side window(s)? 

___________________________________________________________________________

_________________________________________________________________________ 89 

 
Do you use the rear side window sun protection?  

 Yes 90    No 91 

 
How is the sun protection operated?  

  Manually 92    Electrically 93   Both manually and electrically 94 

 
Can you see how the sun protection should be operated? (Mark the number on the scale that 
corresponds with your opinion.) 
 

No, not at all        Yes, clearly  
 1  2  3  4  5  95 
 
The following questions apply to the original sun protection. Please disregard any changes 
that you might have done to it. 
 
Does the rear side window sun protection remain in the position you have put it in?   

  Yes, always 96    Sometimes 97    No, never 98 

 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives can be marked.) 
 

  Yes, when it is not being used 99 

  Yes, when it is folded down/pulled out 100 

  No 101 
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How does your sun protection block out the sunlight in the rear side window(s)?  

  Blocks out completely 102   Blocks out partly 103     Does not block out at all 104 

 
If the sun protection does not block out completely, what is the reason? (Several alternatives 
can be marked.) 
 

  Gaps on the sides 105   

  Sun enters below 106   

  The material lets light through 107 

Other:___________________________________________________________________ 108 

 
If you only have sun protection in one of the rear side windows, does it occur that sunlight 
entering through the unprotected window bothers you?  

  Yes 109    No 110 

 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives can be marked.) 
 

  Yes, when it is not being used 111    

  Yes, always when it is folded down/pulled out 112 

 Yes, in some positions when it is folded down/pulled out 113  

  No 114 
 
How?______________________________________________________________________

________________________________________________________________________ 115 

 
What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap         Exclusive 
1  2  3  4  5  116 

Ugly         Good-looking 
1  2  3  4  5  117  

Bad quality       Good quality 
1  2  3  4  5  118  

 
Have you altered the rear side window sun protection in any way to make it work better? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________119 
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ROOF HATCH 
 
Do you have a roof hatch? 

 Yes, with window pane 120   Yes, without window pane 121  No 122 

 
If you do not have a roof hatch or sun protection in the roof hatch please continue to page 11. 
 
What kind of sun protection do you have in the roof hatch? 

___________________________________________________________________________

_________________________________________________________________________123 

 
Do you use the roof hatch sun protection?  

 Yes 124   No 125 

 
How is the sun protection operated?  

  Manually 126   Electrically 127   Both manually and electrically 128 

 
Can you see how the sun protection should be operated? (Mark the number on the scale that 
corresponds with your opinion.) 
 

No, not at all        Yes, clearly  
 1  2  3  4  5  129 
 
The following questions apply to the original sun protection. Please disregard any changes 
that you might have done to it. 
 
Does the roof hatch sun protection remain in the position you have put it in?   

  Yes, always 130    Sometimes 131    No, never 132 

 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives can be marked.) 
 

  Yes, when it is not being used 133 

  Yes, when it is folded down/pulled out 134 

  No 135 

 
How does your sun protection block out the sunlight in the roof hatch?  

  Blocks out completely 136   Blocks out partly 137     Does not block out at all 138 
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If the sun protection does not block out completely, what is the reason? (Several alternatives 
can be marked.) 
 

  Gaps around the edges 139   

  The material lets light through 140 

Other:___________________________________________________________________ 141 

 
Do you use the sun protection while the roof hatch is open? 

  Yes 142   No143 

 
If yes, does the sun protection reduce the air-intake through the roof hatch? 

Very distinctively       Hardly noticeable 
1  2  3  4  5  144  

 
Is that something that bothers you? 

  Yes 145   No 146 

 
What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap         Exclusive 
1  2  3  4  5  147 

Ugly         Good-looking 
1  2  3  4  5  148  

Bad quality       Good quality 
1  2  3  4  5  149  

 
Have you altered the roof hatch sun protection in any way to make it work better? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________150 
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REAR WINDOW 
 
Do you have a rear window? 

 Yes 151   No 152 

 
Do you have sun protection in the rear window? 

 Yes 153   No 154 
 
If you do not have a rear window or sun protection in the rear window please continue to 
page 13. 
 
What kind of sun protection do you have in the rear window? 

___________________________________________________________________________

_________________________________________________________________________155 

 
Do you use the rear window sun protection?  

 Yes 156   No 157 

 
How is the sun protection operated?  

  Manually 158   Electrically 159   Both manually and electrically 160 

 
Can you see how the sun protection should be operated? (Mark the number on the scale that 
corresponds with your opinion.) 
 

No, not at all        Yes, clearly  
 1  2  3  4  5  161 
 
The following questions apply to the original sun protection. Please disregard any changes 
that you might have done to it. 
 
Does the rear window sun protection remain in the position you have put it in?   

  Yes, always 162    Sometimes 163    No, never 164 

 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives can be marked.) 
 

  Yes, when it is not being used 165 

  Yes, when it is folded down/pulled out 166 

  No 167 

 
How does your sun protection block out the sunlight in the rear window?  

  Blocks out completely 168   Blocks out partly 169     Does not block out at all 170 
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If the sun protection does not block out completely, what is the reason? (Several alternatives 
can be marked.) 
 

  Gaps on the sides 171    Gaps in the middle 172   

  Sun enters below 173    The material lets light through 174 

Other:___________________________________________________________________ 175 

 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives can be marked.) 
 

  Yes, when it is not being used 176    

  Yes, always when it is folded down/pulled out 177 

 Yes, in some positions when it is folded down/pulled out 178 

  No 179 
 
How?______________________________________________________________________

________________________________________________________________________ 180 

 
What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap         Exclusive 
1  2  3  4  5  181 

Ugly         Good-looking 
1  2  3  4  5  182  

Bad quality       Good quality 
1  2  3  4  5  183  

 
Have you altered the side window sun protection in any way to make it work better? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________184 
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BLACKOUT DURING REST 
 
What equipment is there in your cab to cover the windows/black out the cab? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________185 

 
Do you sleep in the cab? 

 Yes, often 186   Yes, sometimes 187   No 188 

 
Do you drive together with another driver and then take turns sleeping? 

 Yes, often 189   Yes, sometimes 190   No 191 

 
Do you sometimes stop to rest/take a nap during your shift? (Several alternatives can be 
marked.) 
 

 Yes, at daytime 192  Yes, at night 193    No 194 

 
When do you cover the cab’s windows? (Several alternatives can be marked.) 

  Never 195 

  When sleeping 196 

  When napping at daytime 197 

  When napping at night 198 

  When I want to be alone 199 

Other:______________________________________________________________  200 

 
When do you use the “divider” (the curtain(s) that separates the sleeping area from the driving 
area)? (Several alternatives can be marked.) 
 

  Do not have a “divider” 201 

  Never 202 

  When I stop to sleep/rest but do not cover the windows 203 

  In combination with covered windows when I stop to sleep/rest 204 

  When I sleep rest/while somebody else is driving 205 

  When I do not want other people to see what I bring with me 206  

Other:________________________________________________________________ 207 
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Can you make your sleeping area as dark as you wish? 

  No 208 

  Yes always, by covering the windows 209 

  Yes always, by covering the windows and pull the “divider” 210 

  Yes, but only when it is dark outside 211 

 
What is your opinion of covering the windows/black out the cab? 

Troublesome        Convenient  

1  2  3  4  5  212 

 
What is your opinion of un-covering the windows/ take away the blackout? 

Troublesome        Convenient 

1  2  3  4  5  213 

 
Have you altered the original blackout equipment in any way to make it work better? 
___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________214 
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AT LAST 
 
Finally we would like to know some of your general opinions of sun protection and blackout.  

 
What equipment would you prefer to black out your cab? 

 Curtains 215   Blinds 216   

Other:___________________________________________________________________ 217 

 
How do you think/believe curtains are?  

Unpleasant   Pleasant 
1 2 3 4 5      Do not know/Cannot decide 218 

 
How do you think/believe curtains are to handle? 

Troublesome   Practical  
1 2 3 4 5      Do not know/Cannot decide 219 

 
How do you think/believe curtains are to clean? 
 

Hard     Easy  
1 2 3 4 5      Do not know/Cannot decide 220 
   

How do you think/believe blinds are? 

Unpleasant   Pleasant  
1 2 3 4 5      Do not know/Cannot decide 221 

 
How do you think/believe blinds are to handle? 

Troublesome   Practical  
1 2 3 4 5      Do not know/Cannot decide 222 

 
How do you think/believe blinds are to clean? 
 

Hard     Easy  
1 2 3 4 5      Do not know/Cannot decide 223 

 
What kind of roller blinds would you prefer? 

 Electrical 224    Manual 225   Do not know 226 
 
To be able to screen off the sleeping area from the driving area is… 

Not important    Important   
1 2 3 4 5     Do not know/Cannot decide 227 

 
How do you think screening off the sleeping area from the driving area works in your cab? 

Very bad     Very well  
1 2 3 4 5     Do not know/Cannot decide 228 
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Is there any other solution you would like to have instead? 

___________________________________________________________________________

_________________________________________________________________________229 

 
What kind of sun protection would you prefer in the windshield? 

___________________________________________________________________________

_________________________________________________________________________230 

 
What kind of sun protection would you prefer in the side window(s)? 

___________________________________________________________________________

_________________________________________________________________________231 

 
To have sun protection in both side windows is…  

Not important    Important  
1 2 3 4 5     Do not know/Cannot decide 232 

 
To have a mirror mounted somewhere in the cab is… 

Not important    Important  
1 2 3 4 5     Do not know/Cannot decide 233 

 
To have a mirror on the windshield sun protection is… 

Not important    Important  
1 2 3 4 5     Do not know/Cannot decide 234 

 
To be able to attach papers, e.g. maps on the windshield sun protection is… 

Not important    Important  
1 2 3 4 5     Do not know/Cannot decide 235 

 
Imagine that you the truck’s windows non-transparent, i.e. nobody can look in or out, when 
you stop. How would that feel in the following situations: 
 
When you are sleeping 

Uncomfortable    Safe 
1 2 3 4 5     Do not know/Cannot decide 236 

 
When you change clothes 

Uncomfortable    Safe 
1 2 3 4 5     Do not know/Cannot decide 237 

 
When you are reading, eating, watching TV and so on  

Uncomfortable    Safe 
1 2 3 4 5     Do not know/Cannot decide 238 
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What kind of equipment would you like to have to protect against the sun and black out the 
cab? (All ideas are welcome.) 
___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

_________________________________________________________________________239 

 
 
 
 
 
 

THANK YOU FOR PARTICIPATING! 
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This is the result of the truck driver inquiry. Interviews based on a questionnaire (Appendix 4) 
where conducted both in person and over the phone.  
 
Three different results are shown to each question; A = All brands, V = Volvo and S = Scania. 
Mercedes is not presented separately since it was only represented by three trucks of which 
two had the same driver. There was also one driver who drove several Volvo and Scania 
models. He is only included in “All brands”. 
 
Since some drivers responded for two different trucks the answers have sometimes been 
compared to the number of drivers and sometimes to the number of trucks. To what the 
answer has been compared is specified for the all questions. 
 
For other values than the number of drivers/trucks or percentage are first given the average 
value and then, in brackets, the mean value. 
 
The inquiry covered the windshield, roof hatch, side, rear side and rear windows. None of the 
trucks had rear side windows and therefore that section has been removed. One truck, a Volvo 
FL220 used for distribution, had a rear window but the driver does not use the original sun 
protection. Instead he covers the window with colored film. Because of that the rear window 
section has also been removed from this compilation. 
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BACKGROUND QUESTIONS 
 
Which is the brand and model of your truck? From which year is it? 1 

21 drivers answered for 25 trucks.  Average truck age: 2.8 (2.0) 
15 Volvo trucks (15 of the drivers). Average truck age: 2.3 (2.0) 
6 Scania trucks (6 of the drivers). Average truck age: 3.6 (3.0) 
3 Mercedes trucks (2 different drivers of which one also answered for Scania). 
1 driver who drives several Volvo and Scania trucks.   
 
How many years have you driven your current truck? 2 (Average time) 

A: 2.2 (2.0) years 
V: 2.1 (2.0) years 
S: 2.9 (3.0) years 
 
Which kind of routes do you drive? (Several options could be marked.) (Of the number of 
drivers) 
 

Over the day 3  1-2 days 4 3-5 days 5 1-2 weeks 6 2 weeks or longer 7 

A: 2 (8%)  5 (20%) 3 (12%) 12 (48%) 10 (40%) 
V: 1 (7%)  4 (27%) 3 (20%) 7 (47%) 6 (40%) 
S: 1 (17%) 1 (17%) 0 (0%)  2 (33%) 3 (50%) 
 
Where in Europe do you drive?  
All drivers start in the area of the red dot. The answers concern the final destination. Some 
drivers drive to more than one destination. (Of the number of drivers) 

 
A: 7 (28%) 
V: 5 (33%) 8 
S: 2 (33%) 
 
A: 5 (20%) 
V: 3 (20%) 9 
S: 2 (33%) 
 
A: 5 (20%) 
V: 3 (20%)  10 
S: 0 (0 %) 
 
A: 12 (48%) 
V: 7 (47%) 11 
S: 4 (67%) 
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All interviewed drivers are male 12, 13 
 
How tall are you?  14 (Average height) 

A: 181 (180) cm 
V: 182 (182) cm 
S: 180 (180) cm 
 
In which year were you born? 15 (Recalculated to average age) 

A: 40.4 (41.0) years 
V: 39.0 (39.0) years 
S: 42.5 (42.0) years 
 
How many years have you worked as a truck driver? 16 (Average time) 
A: 15.9 (17.0) years 
V: 17.0 (18.0) years 
S: 14.2 (14.5) years 
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WINDSHIELD 
 
Do you have a fixed exterior sun visor in front of the windshield?  (Of the number of trucks) 

Yes 17  24 (96%)  No 18 1 (4%) (Mercedes Aktros –92/93) 
 
What kind of sun protection do you have on the inside of the windshield? 19  
(Of the number of trucks) 

Fold down sun visors: 24 (96%) 
Roller blind: 1 (4%) (Mercedes Aktros –03) 
 
Do you use the interior windshield sun protection? (Of the number of trucks) 

Yes 20    No 21 

A: 23 (92%)   A: 2 (8%) 
V: 13 (87%)   V: 2 (13%) 
S: 6 (100%)    S: 0 (0%) 
 
How is the sun protection operated?  

Manually 22 24 (96%)  Electrically 23 1 (4%) (Mercedes Aktros –03) 
 
The following answers concern the trucks in which the driver uses the windshield sun 
protection. Totally 23 trucks.  
 

Does the windshield sun protection remain in the position you have put it in?   

Yes, always 26  Sometimes 27  No, never 28 

A: 23 (100%)  0 (0%)   0 (0%)  
 
Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives could be marked.) 
 

Yes, when it is not being used 29  0 (0%)  

Yes, when it is folded down/pulled out 30 0 (0%)  

No 31      23 (100%)  
 
How does your sun protection block the sunlight in the windshield?  

Blocks out completely 32 Blocks out partly 33 Does not block out at all 34 

A: 5 (22%)   A: 18 (78%)  A: 0 (0%) 
V: 2 (15%)   V: 11 (85%)  V: 0 (0%) 
S: 1 (17%)    S: 5 (83%)  S: 0 (0%) 
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If the sun protection does not block completely, what is the reason? (Several alternatives 
could be marked.) 
(Of those that do not block completely. Totally 18 trucks.) 

Gaps on the sides 35   A: 10 (56%) 
V: 7 (64%) 
S: 1 (20%) 

  

Gaps in the middle 36   A: 5 (28%) 
V: 2 (18%) 
S: 1 (20%) 

 

Sun enters below 37   A: 12 (67%) 
V: 7 (64%) 
S: 4 (80%) 

 

The material lets light through 38 A: 0 (0%) 
V: 0 (0%) 
S: 0 (0%) 

 

Other 39    A: 3 (17%) 
V: 3 (275%) 
S: 0 (0%) 

 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives could be marked.) 
(Of the trucks in which the driver uses the windshield sun protection) 
 

Yes, when it is not being used 40     A: 0 (0%) 
V: 0 (0%) 
S: 0 (0%)   

 
Yes, always when it is folded down/pulled out 41   A: 2 (9%) 

V: 1 (8%) 
S: 0 (0%) 

 
Yes, in some positions when it is folded down/pulled out 42  A: 7 (30%) 

V: 4 (31%) 
S: 3 (50%) 

 
No 43         A: 14 (61%) 

V: 8 (62%) 
S: 3 (50%) 
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What is your impression of the sun protection? 
 
Cheap          Exclusive 

1  2  3  4  5  45 
A: 3.0 (3.0) V: 3.1 (3.0) S: 3.3 (3.0) 
 
Ugly         Good-looking 

1  2  3  4  5  46  
A: 3.0 (3.0) V: 3.2 (3.0) S: 2.8 (3.0) 
 
Bad quality        Good quality  

1  2  3  4  5  47 
A: 3.7 (3.0) V: 3.9 (4.0) S: 3.7 (3.5)  
 
Have you altered the side window sun protection in any way to make it work better? 48 

None of the drivers had done any alterations.  
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SIDE WINDOW 
 
One Scania driver did not answer any of the questions in the side window section. 
 
Do you have sun protection in the side window at… (Several alternatives could be marked.) 
(Of the number of trucks) 

The Driver Side 49  The Passenger Side 50  Do not have sun protection 51 

A: 22 (88%)   A: 2 (8%)   A: 1 (4%) 
V: 14 (93%)   V: 0 (0%)   V: 1 (7%) 
S: 5 (83%)    S: 2 (33%)   S: 0 (0%) 
 
What kind of sun protection do you have in the side window(s)?  
21 of the drivers that have sun protection have fold down sun visors (which can be pushed 
sideways)  
1 driver has colored film.  
 
The following answers concern the trucks that have sun protection in at least one window. 
Totally 22 trucks. 
 
Do you use the side window sun protection?  

Yes 53    No 54 

A: 20 (91%)   A: 2 (9%) 
V: 13 (93%)   V: 1 (7%) 
S: 5 (83%)    S: 1 (17%) 
 
How is the sun protection operated?  

The sun visors are operated manually. 
The colored film can not be operated. 
  
Does the side window sun protection remain in the position you have put it in?    

Yes, always 60   Sometimes 61   No, never 62 

A: 19 (95%)   A: 1 (5%)   A: 0 (0%) 
V: 12 (92%)   V: 1 (8%)   V: 0 (0%) 
S: 4 (100%)    S: 0 (0%)   S: 0 (0%) 
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Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives could be marked.) 
 

Yes, when it is not being used 63   A: 2 (10%) 
V: 2 (15%) 
S: 0 (0%) 

 
Yes, when it is folded down/pulled out 64  A: 0 (0%) 

V: 0 (0%) 
S: 0 (0%) 

 
No 65       A: 18 (90%) 

V: 12 (85%) 
S: 4 (100%) 

How does your sun protection block the sunlight in the side window(s)?  

Blocks out completely 66 Blocks out partly 67 Does not block out at all 68 

A: 5 (25%)   A: 15 (75%)  A: 0 (0%) 
V: 4 (31%)   V: 9 (70%)  V: 0 (0%) 
S: 0 (0%)    S: 4 (100%)  S: 0 (0%) 
 
If the sun protection does not block completely, what is the reason? (Several alternatives 
could be marked.) (Of those that do not block completely. Totally 15 trucks.)  
 

Gaps on the sides 69   A: 6 (40%) 
V: 4 (44%) 
S: 0 (0%)  

 
Sun enters below 70    A: 12 (80%) 

V: 7 (78%) 
S: 3 (75%)  

 
The material lets light through 71  A: 1 (7%) 

V: 0 (0%) 
S: 1 (25%) 

 
Other 72     A: 3 (20%) 

V: 2 (22%) 
S: 1 (25%) 

 
If you only have sun protection in one of the side windows, does it occur that you are 
bothered by sun light entering through the unprotected window? 
(Of those that only have sun protection on the driver side. Totally 20 trucks.)  

Yes 73    No 74 

A: 10 (50%)   A: 10 (50%) 
V: 7 (50%)   V: 7 (50%) 
S: 2 (67%)    S: 1 (33%) 
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Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives could be marked.) 
(Of those that have sun protection.)  
 
Yes, when it is not being used 75    A: 0 (0%) 

V: 0 (0%) 
S: 0 (0%)  

 
Yes, always when it is folded down/pulled out 76  A: 1 (5%) 

V: 0 (0%) 
S: 0 (0%) 

 
Yes, in some positions when it is folded down/pulled out 77 A: 4 (18%) 

V: 2 (14%) 
S: 2 (33%)  

 
No78        A: 16 (73%) 

V: 11 (79%) 
S: 3 (50%) 

 
No answer       A: 1 (5%) 

V: 1 (7%) 
S: 0 (0%) 
 

What is your impression of the sun protection?  
Cheap          Exclusive 

1  2  3  4  5  80  
A: 2.8 (3.0) V: 3.0 (3.0) S: 2.8 (3.0) 
 
Ugly         Good-looking 

1  2  3  4  5  81 
A: 3.0 (3.0) V: 3.1 (3.0) S: 3.4 (3.0) 
 
Bad quality        Good quality 

1  2  3  4  5  82 
A: 3.0 (3.0) V: 3.1 (3.0) S: 3.4 (4.0) 
 
Have you altered the side window sun protection in any way to make it work better? 83 

Yes    No 

A: 2 (9%)   A: 20 (91%) 
V: 1 (7%)   V: 13 (93%) 
S: 1 (20%)    S: 4 (80%) 
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ROOF HATCH 
 
Do you have a roof hatch? 

Yes, with window pane 120  Yes, without window pane 121 No 122 

A: 15 (60%)    A: 4 (16%)    A: 6 (24%) 
V: 10 (67%)    V: 2 (13%)    V: 3 (20%) 
S: 3 (50%)     S: 2 (33%)    S: 1 (17%) 
 
Some drivers have exchanged the roof hatch for air conditioning equipment. Despite that, 
they have answered as if they still had a roof hatch with a window pane since they have had 
that during a long time. 
 
If nothing else is mentioned the answers below are valid for drivers that have a roof hatch 
with a window pane. (Totally 15) 
 
What kind of sun protection do you have in the roof hatch? 123 

All have blinds (in combination with colored glass) 
 
Do you use the roof hatch sun protection?  

Yes 124    No 125 

A: 10 (67%)   A: 5 (33%) 
V: 7 (70%)   V: 3 (30%) 
S: 2 (67%)    S: 1 (33%) 
 
How is the sun protection operated?  

All are manually operated 
 
Does the roof hatch sun protection remain in the position you have put it in?   

Yes, always 130 Sometimes 131  No, never 132  No answer  

A: 11 (73%)  A: 3 (20%)  A: 0 (0%)  A: 1 (7%) 
V: 7 (70%)  V: 3 (30%)  V: 0 (0%)  V: 0 (0%) 
S: 3 (100%)   S: 0 (0%)  S: 0 (0%)  S: 0 (0%) 
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Have you ever been bothered by noise caused by vibrations from the sun protection? (Several 
alternatives could be marked.) 
 
 

Yes, when it is not being used 133  A: 0 (0%) 
V: 0 (0%) 
S: 0 (0%) 

 
Yes, when it is folded down/pulled out 134 A: 2 (13%) 

V: 2 (20%) 
S: 0 (0%) 
 

No 135      A: 11 (73%) 
V: 7 (70%) 
S: 3 (100%) 
 

No answer     A: 2 (13%) 
V: 1 (10%) 
S: 0 (0%) 

 
How does your sun protection block out the sunlight in the roof hatch?  

Blocks out completely 136 Blocks out partly 137 Does not block out at all 138  No answer 

A: 11 (73%)   A: 3 (20%)  A: 0 (0%)   A: 1 (7%) 
V: 8 (80%)   V: 2 (20%)  V: 0 (0%)   V: 0 (0%) 
S: 2 (67%)    S: 1 (33%)  S: 0 (0%)   S: 0 (0%) 
 
If the sun protection does not block completely, what is the reason? (Several alternatives 
could be marked.) 
(Of those that not block satisfactory. 3 trucks) 
 
Gaps around the edges 139   A: 3 (100%) 

V: 2 (100%) 
S: 1 (100%)   

 
The material lets light through 140  A: 0 (0%) 

V: 0 (0%) 
S: 0 (0%) 

 
Other 141     A: 2 (67%) 

V: 1 (50%) 
S: 1 (100%) 
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Do you use the sun protection while the roof hatch is open? 

Yes 142    No143 

A: 8 (53%)   A: 7 (47%) 
V: 5 (50%)   V: 5 (50%) 
S: 2 (67%)    S: 1 (33%) 
 
If yes, does the sun protection reduce the air-intake through the roof hatch? 

Very distinctively       Hardly noticeable 
1  2  3  4  5  144  

A: 2.3 (2.0) V: 2.0 (1.5) S: 2.0 (2.0) 
 
Is that something that bothers you?  
(Of those that use the sun protection when the roof hatch is open. Totally 8 trucks) 
 

Yes 145    No 146 

A: 4 (50%)   A: 4 (50%) 
V: 4 (80%)   V: 1 (20%) 
S: 0 (0%)    S: 2 (100%) 
 

What is your impression of the sun protection? (Mark the number on the scale that 
corresponds with your opinion.) 
 

Cheap          Exclusive 
1  2  3  4  5  147 

A: 2.9 (3.0) V: 2.3 (3.0) S: 4.0 (4.0) 
 
Ugly         Good-looking 

1  2  3  4  5  148 
A: 3.3 (3.0) V: 3.2 (3.0) S: 3.7 (4.0) 
 
Bad quality        Good quality 

1  2  3  4  5  149 
A: 3.1 (3.0) V: 2.7 (3.0) S: 4.0 (4.0) 
 
Have you altered the roof hatch sun protection in any way to make it work better? 150 
(Of the number of trucks) 

Yes    No 

A: 2 (14%)   A: 12 (86%) 
V: 2 (20%)   V: 8 (80%) 
S: 0 (0%)    S: 3 (100%) 
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BLACKOUT DURING REST 
 
What equipment is there in your cab to cover the windows/black out the cab? 185 

Curtains   Missing 

A: 23 (92%)   A: 2 (8%) 
V: 14 (93%)   V: 1 (7%) 
S: 5 (83%)    S: 1 (17%) 
 
Do you sleep in the cab? 

The number of drivers has earlier been defined as 21. The drivers who drive two trucks are 
then counted for only one of their trucks. In this case one of the drivers have been counted for 
both of his two trucks since he sleeps in one of them while the other one is without sleeping 
area. Therefore is the total number of drivers defined as 22 in this section. 
 
Yes, often 186   Yes, sometimes 187  No 188 

A: 19 (86%)   A: 1 (5%)   A: 2 (9%) 
V: 13 (87%)   V: 0 (0%)   V: 1 (7%) 
S: 4 (67%)   S: 1 (17%)   S: 1 (17%) 
 
The following answers are valid for the drivers who sleep in the cab. Totally 20 drivers.  
 
Do you drive together with another driver and then take turns sleeping? 

Yes, often 189  Yes, sometimes 190  No 191 

A: 0   A: 10 (50%)   A: 10 (50%) 
V: 0   V: 6 (46%)   V: 7 (54%) 
S: 0    S: 3 (60%)   S: 2 (40%) 
 
Do you sometimes stop to rest/take a nap during your shift? (Several alternatives could be 
marked.) 
 

Yes, at daytime 192  Yes, at night 193  No 194 

A: 12 (60%)   A: 14 (70%)   A: 4 (20%) 
V: 9 (69%)   V: 11 (85%)   V: 1 (8%) 
S: 3 (60%)    S: 3 (60%)   S: 1 (20%) 
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When do you cover the cab’s windows? (Several alternatives could be marked.) 
 
Never 195     A: 1 (5%) 

V: 0 (0%) 
S: 1 (20%) 

 
When sleeping 196    A: 19 (95%) 

V: 13 (100%) 
S: 4 (80%) 

 
When napping during daytime 197  A: 5 (25%) 

V: 4 (31%) 
S: 1 (20%) 

 
When napping during night 198  A: 3 (15%) 

V: 3 (23%) 
S: 0 (0%) 

 
When I want to be alone 199   A: 6 (30%) 

V: 4 (31%) 
S: 1 (20%) 

 
Other  200     A: 6 (30%) 

V: 1 (8%) 
S: 3 (60%) 

 
When do you use the “divider” (the curtain(s) that separates the sleeping area from the driving 
area)? (Several alternatives could be marked.) 
 
Do not have a “divider” 201       A: 9 (45%) 

V: 6 (46%) 
S: 4 (80%) 

 
Never 202         A: 5 (25%) 

V: 3 (23%) 
S: 1 (20%) 

 
When I stop to sleep/rest but do not cover the windows 203   A: 1 (5%) 

V: 1 (8%) 
S: 0 (0%) 

 
In combination with covered windows when I stop to sleep/rest 204  A: 0 (0%) 

V: 0 (0%) 
S: 0 (0%) 

 
When I sleep rest/while somebody else is driving 205   A: 1 (5%) 

V: 1 (8%) 
S: 0 (0%) 
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When I do not want other people to see what I bring with me 206  A: 3 (15%) 
V: 3 (23%) 
S: 0 (0%)   

 
Other 207         A: 1 (5%) 

V: 0 (0%) 
S: 0 (0%) 

 
Have modified the divider       A: 3 (15%) 

V: 2 (15%) 
S: 0 (0%) 

 
Can you make your sleeping area as dark as you wish? 

No 208          A: 3 (15%) 
V: 2 (15%) 
S: 1 (20%) 

 
Yes always, by covering the windows 209     A: 10 (50%) 

V: 7 (54%) 
S: 4 (80%) 

 
Yes always, by covering the windows and pull the “divider” 210  A: 0 (0%) 

V: 0 (0%) 
S: 0 (0%) 

 
Yes, but only when it is dark outside 211     A: 7 (35%) 

V: 5 (38%) 
S: 0 (0%) 

 
What is your opinion of covering the windows/black out the cab? 

Troublesome        Convenient  
1  2  3  4  5  212 

A: 4.3(4.0) V: 4.5(5.0) S: 4.2(4.0) 
 

What is your opinion of un-covering the windows/ take away the blackout? 

Troublesome        Convenient 
1  2  3  4  5  213 

A: 4.2(4.0) V: 4.3(4.0) S: 4.0(4.0) 
 
Have you altered the original blackout equipment in any way to make it work better? (Of the 

number of  

Yes    No 

A: 4 (20%)   A: 16 (80%) 
V: 0 (0%)   V: 12 (86%)  
S: 2 (33%)    S: 5 (83%)
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AT LAST 
 
What equipment would you prefer to black out your cab? (Of the number of drivers) 

Curtains 215   Blinds 216   Other 217 

A: 15 (71%)   A: 4 (19%)   A: 2 (10%) 
V: 10 (67%)   V: 4 (27%)   V: 0 (0%) 
S: 5 (83%)    S: 0 (0%)   S: 1 (17%) 
 

How do you think/believe curtains are?  

Unpleasant    Pleasant 
1 2 3 4 5   Do not know/Cannot decide 218 

A: 4.0 (4.0) V: 4.0 (4.0) S: 3.7 (3.5)   A: 0  V: 0  S: 0 
 

How do you think/believe curtains are to handle? 

Troublesome    Practical  
1 2 3 4 5   Do not know/Cannot decide 219 

A: 4.3 (4.5) V: 4.5 (5.0) S: 4.0 (4.0)   A: 1  V: 0  S: 1 
 
How do you think/believe curtains are to clean? 
 

Hard     Easy  
1 2 3 4 5   Do not know/Cannot decide 220 

A: 3.3 (3.5) V: 3.4 (3.0) S: 3.8 (4.0)   A: 5  V: 4 S: 1 
 

How do you think/believe blinds are? 

Unpleasant    Pleasant  
1 2 3 4 5   Do not know/Cannot decide 221 

A: 2.2 (2.0) V: 2.4 (2.0) S: 1.6 (2.0)   A: 1  V: 0 S: 1 
 

How do you think/believe blinds are to handle? 

Troublesome    Practical  
1 2 3 4 5   Do not know/Cannot decide 222 

A: 3.2 (3.0) V: 3.2 (3.5) S: 2.8 (2.8)   A: 2  V: 1 S: 1 
 

How do you think/believe blinds are to clean? 
 

Hard     Easy  
1 2 3 4 5   Do not know/Cannot decide 223 

A: 1.6 (1.5) V: 1.6 (1.5) S: 1.4 (1.4)   A: 7  V: 6 S: 1 
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What kind of blinds would you prefer? 

Electrical 224   Manual 225   Do not know 226 

A: 13 (62%)   A: 7 (33%)   A: 1 (5%) 
V: 9 (60%)   V: 6 (40%)   V: 0 (0%) 
S: 3 (50%)    S: 2 (33%)   S: 1 (17%) 
 

To be able to screen off the sleeping area from the driving area is… 

Not important    Important   
1 2 3 4 5   Do not know/Cannot decide 227 

A: 1.5 (1.0) V: 1.3 (1.0) S: 1.2 (1.0)   A: 1  V: 0 S: 1 
 

How do you think screening off the sleeping area from the driving area works in your cab? 

Very bad    Very well  
1 2 3 4 5   Do not know/Cannot decide 228 

A: 3.6 (3.0) V: 3.3 (3.0) S: 0 (0)   A: 15  V: 8 S: 5 
 
What kind of sun protection would you prefer in the windshield? 230 (Several alternatives 
could be marked.) 
 
Sun visors   Blinds   Other 

A: 13 (62%)   A: 8 (38%)   A: 1 (5%) 
V: 10 (67%)   V: 5 (33%)   V: 1 (7%) 
S: 4 (67%)    S: 2 (33%)   S: 1 (17%) 
 
What kind of sun protection would you prefer in the side window(s)? 231 (Several alternatives 
could be marked.) 
 
Sun visors   Blinds   Other 

A: 11 (52%)   A: 12 (57%)   A: 2 (10%) 
V: 7 (47%)   V: 8 (53%)   V: 2 (13%) 
S: 3 (50%)    S: 2 (33%)   S: 1 (17%) 

 
To have sun protection in both side windows is…  

Not important    Important  
1 2 3 4 5   Do not know/Cannot decide 232 

A: 3.4 (3.0) V: 3.4 (3.0) S: 2.7 (2.5)   A: 0  V: 0 S: 0 
 

To have a mirror mounted somewhere in the cab is… 

Not important    Important  
1 2 3 4 5   Do not know/Cannot decide 233 

A: 3.2 (3.0) V: 3.1 (3.0) S: 3.8 (4.5)   A: 0  V: 0 S: 0 
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To have a mirror on the windshield sun protection is… 

Not important    Important  
1 2 3 4 5   Do not know/Cannot decide 234 

A: 2.8 (3.0) V: 2.7 (3.0) S: 3.5 (3.0)   A: 0  V: 0 S: 0 
 
To be able to attach papers, e.g. maps on the windshield sun protection is… 

Not important    Important  
1 2 3 4 5   Do not know/Cannot decide 235 

A: 1.8 (1.0) V: 1.4 (1.0) S: 2.0 (1.5)   A: 0  V: 0 S: 0 
 
Imagine that you could turn the truck’s windows non-transparent, i.e. nobody can look in or 
out, when you stop. How would that feel in the following situations: 
 
When you are sleeping? 

Uncomfortable   Safe 
1 2 3 4 5   Do not know/Cannot decide 236 

A: 3.8 (4.0) V: 3.7 (4.0) S: 3.9 (4.0)   A: 0  V: 0 S: 0 
 
When you change clothes? 

Uncomfortable   Safe 
1 2 3 4 5   Do not know/Cannot decide 237 

A: 4.4 (5.0) V: 4.5 (5.0) S: 3.9 (4.0)   A: 0  V: 0 S: 0 
 
When you are reading, eating, watching TV and so on? 

Uncomfortable   Safe 
1 2 3 4 5   Do not know/Cannot decide 238 

A: 4.0 (4.0) V: 4.1 (4.0) S: 3.9 (4.0)   A: 3  V: 1 S: 1 
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COMPARISONS BETWEEN DRIVERS OF DIFFERENT HEIGHTS 
 
According to Statisiska Centralbyrån (Swedish Central Bureau of Statistics) the average 
height of Swedish men age 16-84 years is 179.0 cm and in the age group 25-45 years, the 
group the drivers in this inquiry belongs to, 180.0 cm. 
The interviewed drivers were divided into two groups: “Short” for those shorter than 180 cm 
and “Tall” for those who are 180 cm or taller. 
 
S=Short, T=Tall 

 
Height:  S: 176.2 (176.0) 
  T: 185.3 (185.0) 
 
Age:  S: 41.1 (41.0) 
  T: 39.7(39.0) 

 
Number of years working as a truck driver:  S: 12.9 (12.0) 
       T: 18.6(20.0) 
 
The judged trucks are:  S: 7 Volvo, 3 Scania and 1 combination of Volvo and Scania. 

T: 9 Volvo, 3 Scania and 1 Mercedes (with sun visors). 
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WINDSHIELD 
 
How does your sun protection block out the sunlight in the windshield?  

Blocks out completely 32 Blocks out partly 33  Does not block out at all 34 

S: 3 (30%)   S: 7 (70%)   S: 0 (0%) 
T: 0 (0%)   T: 12 (100%)   T: 0 (0%) 
 
If the sun protection does not block completely, what is the reason? (Several alternatives 
could be marked.) (Of those that do not block out completely.)  
 
Gaps on the sides 35   S: 2 (29%) 

T: 8 (67%) 
  

Gaps in the middle 36   S: 3 (43%) 
T: 2 (17%) 

 
Sun enters below 37   S: 4 (57%) 

T: 9 (75%) 
 

The material lets light through 38  S: 0 (0%) 
T: 0 (0%) 

 
Other 39    S: 2 (29%) 

T: 2 (17%) 
 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives could be marked.) (Of those that use sun protection.) 
 

Of those that use sun protection.  

Yes, when it is not being used 40    S: 0 (0%) 
T: 0 (0%)   

 
Yes, always when it is folded down/pulled out 41  S: 0 (0%) 

T: 1 (8%) 
 
Yes, in some positions when it is folded down/pulled out 42 S: 3 (30%) 

T: 4 (33%) 
 
No 43        S: 7 (70%) 

T: 7 (58%) 
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SIDE WINDOW 
 
One of the short drivers did not answer any of the questions for the side window section.  
One of the tall drivers does not have sun protection in the side window. 
 
How does your sun protection block out the sunlight in the side window(s)?  

Blocks out completely 66 Blocks out partly 67  Does not block out at all 68 

S: 1 (11%)   S: 8 (89%)   S: 0 (0%) 
T: 3 (27%)   T: 8 (73%)   T: 0 (0%) 
 

If the sun protection does not block completely, what is the reason? (Several alternatives 
could be marked.) (Of those that do not block out completely.) 

 

Gaps on the sides 69   S: 4 (50%) 
T: 2 (25%)  

 
Sun enters below 70    S: 6 (75%) 

T: 7 (88%)  
 
The material lets light through 71  S: 0 (0%) 

T: 1 (13%) 
 
Other 72     S: 2 (25%) 

T: 2 (25%) 
 

If you only have sun protection in one of the side windows, does it occur that you are 
bothered by sun light entering through the unprotected window?  
Yes 73    No 74   No answer   

S: 3 (30%)   S: 6 (60%)  S: 1 (10%) 
T: 6 (60%)   T: 4 (40%)  T: 0 (0%)  
 
Does it occur that the sun protection blocks the view in a way that interferes with the driving? 
(Several alternatives could be marked.) (Of those that use sun protection.) 
 

Yes, when it is not being used 75     S: 0 (0%) 
T: 0 (0%) 

 
Yes, always when it is folded down/pulled out 76   S: 0 (0%) 

T: 0 (0%) 
 
Yes, in some positions when it is folded down/pulled out 77  S: 0 (0%) 

T: 4 (33%)  
 
No 78         S: 9 (90%) 

T: 8 (67%) 
 
No answer        S: 1 (10%) 

T: 0 (0%) 
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Windshield 
 Demand (D) /Wish (W) Limits 
 Geometry  
D Reduce glare in windshield while driving Drivers between 5th and 97,5th percentile 
D Possible to reach in a by Volvo prescribed seating position Drivers between 5th and 97,5th percentile 
D Block out light in windshield while resting Sufficient enough for comfortable sleep 
W Reduce glare and block out light using one product  
W Make space available under radio shelf  
W Adaptable to updates and new cab models  
W Easy to repair or replace  
W Allow to discreetly check area around truck   
   
 Forces  
D Strength for adjustment Drivers between 5th and 97,5th percentile 
D Remain in position  Always 
D Not vibrate Always 
D Possible to adjust with one hand while driving Drivers between 5th and 97,5th percentile 
W Low weight  As low as possible 
   
 Materials  
D Withstand ordinary detergents  
D Endure cab climate  
D Endure normal wear  
D Fire resistant  
W Be comfortable to touch   
W Reduce heat  
W Absorb noise  
W Reject dirt  
   
 Safety  
D Fulfill legal demands  
D Fulfill sight demands  
D Allow handling without risk of personal injuries   
D Be adjustable without loosing attention on the road  
   
 Ergonomics  
W Good mapping   
W Allow comfortable grip  
   
 Manufacture  
W Easy to assemble  
W Easy to install in cab  
W Easy to handle during transportation  
   
 Design and Form  
W Create coziness  
W Adaptable according to driver’s taste  
W Radiate “Volvo-feeling”  
   
 Environment  
D Completely recyclable  
D Only use environmentally approved materials  
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Side Window 
 Demand (D) / Wish (W) Limits 
 Geometry  
D Reduce glare in side window while driving Drivers between 5th and 97,5th percentile 
D Possible to reach in a by Volvo prescribed seating position Drivers between 5th and 97,5th percentile 
D Block out light in side windows while resting Sufficient enough for comfortable sleep 
W Reduce glare and block out light using one product  
W Adaptable to updates and new cab models  
W Easy to repair or replace  
W Allow to discreetly check area around truck   
W Allow entry/exit without readjustment  
   
 Forces  
D Strength for adjustment Drivers between 5th and 97,5th percentile 
D Remain in position  Always 
D Not vibrate Always 
D Possible to adjust with one hand while driving Drivers between 5th and 97,5th percentile 
W Low weight  As low as possible 
   
 Materials  
D Withstand ordinary detergents  
D Endure cab climate  
D Endure normal wear  
D Fire resistant  
W Be comfortable to touch   
W Reduce heat  
W Absorb noise  
W Reject dirt  
   
 Safety  
D Fulfill legal demands  
D Fulfill sight demands  
D Allow handling without risk of personal injuries   
D Allow evacuation through door/side window  
D Be adjustable without loosing attention on the road  
   
 Ergonomics  
W Good mapping   
W Allow comfortable grip  
   
 Manufacture  
W Easy to assemble  
W Easy to install in cab  
W Easy to handle during transportation  
   
 Design and Form  
W Create coziness  
W Adaptable according to driver’s taste  
W Radiate “Volvo-feeling”  
   
 Environment  
D Completely recyclable  
D Only use environmentally approved materials  
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Roof Hatch 
 Demand (D) /Wish (W) Limits 
 Geometry  
D Reduce glare in roof hatch while driving Drivers between 5th and 97,5th percentile 
D Block out light in roof hatch while resting Sufficient enough for comfortable sleep 
W Reduce glare and block out light using one product  
W Adaptable to updates and new cab models  
W Easy to repair or replace  
W Possible to adjust while driving  
   
 Forces  
D Strength for adjustment Drivers between 5th and 97,5th percentile 
D Remain in position  Always 
D Not vibrate Always 
W Low weight  As low as possible 
   
 Materials  
D Withstand ordinary detergents  
D Endure cab climate  
D Endure normal wear  
D Fire resistant  
W Be comfortable to touch   
W Reduce heat/cold  
W Absorb noise  
W Reject dirt  
W Allow ventilation while shutting out insects  
   
 Safety  
D Fulfill legal demands  
D Allow handling without risk of personal injuries   
D Allow escaping through roof hatch in case of emergency  
   
 Ergonomics  
W Good mapping   
W Allow comfortable grip  
   
 Manufacture  
W Easy to assemble  
W Easy to install in cab  
W Easy to handle during transportation  
   
 Design and Form  
W Create coziness  
W Adaptable according to the drivers taste  
W Radiate “Volvo-feeling”  
   
 Environment  
D Completely recyclable  
D Only use environmentally approved materials  
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1. Chromogenic materials 
Smart windows are a new technology on the market. (1) The technology is based on 
chromogenic materials, which can change properties when influenced by an outside energy 
source. (2) Several different chromogenic materials are known today and can be used in smart 
window applications. Some of them are: 
 

• thermochromics  
• photochromics or photochromatics 
• suspended particle devices 
• liquid crystals 
• electrochromics (1) 

 
The basic property of chromogenic materials is that they exhibit a large change in optical 
properties upon a change in electrical field, charge, light intensity, spectral composition, 
temperature and pressure. These optical changes result in a transformation from a high 
transmitting state to a partly reflecting, absorbing or diffusing state either totally or partly over 
the visible spectrum (300-800 nm) and solar spectrum (280-2500 nm).  
 
Non-electrically activated materials are: 
 

• thermochromics  
• photochromics or photochromatics  

 
Electrically activated materials are: 
  

• suspended particle devices 
• liquid crystals 
• electrochromics (1) (2) 

 
User-control is the advantage with electrically activated materials. The non-electrically 
activated materials have self-regulating effects (2) and are therefore impractical as energy 
saving devices because they cannot be manually controlled. (1) 

1.1 Thermochromic and photochromic materials 
Thermochromic materials changes opacity when exposed to a certain temperature threshold 
while photochromics changes its tinting level when exposed to the UV-rays in the sunlight. 
(3) 

1.2 Suspended particle devices (SPD) 
This technology uses small light absorbing microscopic particles known as suspended particle 
devices (SPD), or light valves that go from clear to dark in a matter of seconds. Parts that 
make up a SPD ligth control window are: 
 

• two panels of glass or plastic 
• conductive material – used to coat the panes of glass 
• suspended particle devices – millions of these black particles are placed 

between the two panes of glass 
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• liquid suspension of film – allows the particles to float freely between the 
glass 

• control device – automatic or manual 
 
In a SPD window, millions of SPDs are placed between two panels of glass or plastic, which 
is coated with a transparent conductive material. When electricity comes into contact with the 
SPDs via the conductive coating, they line up in a straight line and allow light to flow 
through. Once the electricity is removed, they move back into a random pattern which blocks 
out the light and the window darkens until it is completely dark. If the amount of voltage is 
diminished the window only darkens slightly.  

1.3 Liquid crystals 
A lot of devices use liquid crystal technology, for example portable computers, calculators 
and digital watches use liquid crystal displays (LCDs). This is therefore not a developing 
technology; instead it is already in use. (1) 
 
Liquid crystals are another state of matter in addition to the most commonly encountered 
phases (gas, liquid, solid); they have greater ordering than normal liquids but less ordering 
than crystalline solids, Figure 1. (4) The intermolecular forces in a crystalline solid are not the 
same in all directions, in some directions the forces are weaker than in other directions. This 
produces a molecular arrangement that is random in some directions and regular in others. (5) 
 

   
 Figure 1. Arrangement of molecules in (from the left): a solid crystal, a liquid and a liquid crystal (from     

Science is Fun in the Lab of Shakhashiri’s homepage) 
 
The molecules have a tendency to align parallel when an electric current is applied. Then it is 
possible to see through the window, which turns slightly hazy but is still transparent. When 
the power is off, the liquid crystals are randomly scattered. Light entering the glazing does not 
have a clear path out and the window has a milky, translucent white color. The switch 
between these two states is nearly instantaneous but (6) with liquid crystals the glass is either 
clear or translucent. There are no intermediate settings. (1) Further this technology requires 
constant energy to maintain its clear state; it cannot provide any energy savings. A 
classification of the types of liquid crystals used in optical switching is presented below: (6) 
 

• Twisted nematic: widely used for electronic displays, not a good choice for large 
glazing application because they require polarizers. 

• Guest host: probably the future best choice for large area glazing, the technology uses 
dichroic dye molecules mixed with liquid crystals. Asulab in Switzerland has 
developed this kind of devices for eyeglasses and car mirrors.  
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• Nematic: nematic liquid crystals distribuited in microcavities are of the type PDLC 
(polymer dispersed liquid crystals) or NCAP (encapsulated liquid crystals). PDLC and 
NCAP materials have very similar characteristics but are defined in the patent 
literature differently according to preparation procedure.  

 
Technologies based on nematic liquid crystals (either PDLC or NCAP) are on the market 
in different procucts. The off-state in these devices is diffusively transmitting so the main 
applications are for privacy and security. Good future perspectives are previewed for 
PDLC-technologies but three points are to be carefully considered: 

 
o The unpowered state is diffuse. 
o Haze remains in the activated state (“milky apparence”). 
o UV stability is poor. (2) 

1.4 Electrochromic windows 
The electrochromic effect has been known scientifically since 1970. (2) Unlike the liquid 
crystal displays, electrochromic windows darken when voltage is added and becomes 
transparent when voltage is removed. (7) Electrochromic windows can (like suspended 
particle devices) be adjusted to allow varying levels of visibility. (1) 
 
Electrochromism is a reversible color change in a material induced by an applied electric field 
or current and can occur in both inorganic and organic materials. (8) The electricity kicks off 
a chemical reaction that changes the properties of the material, i.e. how the material reflects 
and absorbs light. In some electrochromic materials the change is between different colors. 
The material then changes between a colored (reflecting light of some color) and a transparent 
(not reflecting any light) state.  
 
At its most basic level, an electrochromic window needs some sort of electrochromic material 
and an electrode system to change the chemical state from colored to transparent and back 
again. There are several ways of doing this, employing different materials and electrode 
systems. (1) 
 
Generally speaking an electrochromic device consists of certain materials (3-5 layers) 
sandwiched between two panes of glass, in the following order: 
 

• glass or plastic pane 
• transparent conducting oxide 
• electrochromic layer, for example tungsten 
• ion conductor/electrolyte 
• ion storage 
• a second layer of transparent conducting oxide  
• a second glass or plastic pane (1) (2) (8) 
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Figure 2. When switched off, an electrochromic window Figure 3. When switched on, a low volt of electricity 
remains transparent (from How Stuff Works homepage)  makes the electrochromic window translucent (from 
 How Stuff Works homepage) 
 
Electrochromic materials may color cathodically, i.e. when a negative voltage is applied or 
anodically i.e. when a positive voltage is applied. (8) Ions in the electrochromic layer are what 
cause the change from opaque to transparent. If a negative voltage is applied, like in Figure 3, 
the following process occurs: 
 

• The power source is wired to the two conducting layers. 
• A voltage drives the ions from the ion storage layer through the ion 

conducting layer and into the electrochromic layer. This process makes the 
glass opaque/change color.  

• By shutting of the voltage the ions are driven out of the electrochromic layer 
and into the ion storage layer. When the ions leave the electrochromic layer 
the window becomes transparent. (1) 

 
Once an electrochromic device is colored it retains its color even when the original voltage is 
removed. This property is called the device’s memory. It is an advantage in applications such 
as automotive glazing where it will be desirable to leave the glazing colored for prolonged 
periods while the car is parked with the ignition off. (8) 
 
A very small amount of voltage, 1-5 Volts, (2) has to be added to kick off the chemical 
reaction and once the electrical field gets reversed the process is also reversed. (6) If there is a 
power failure the window stays in its existing state. However, similar to a normal battery there 
will always be fault currents, the window will therefore slowly switch back to the transparent 
state. (9) According to Sage Electronics you can run a house full of electrochromic windows 
for about the same amount of money that it takes to power a single 75-watt light bulb. (10) 
 
Another feature of electrochromic technology is variable transmission. The degree of 
coloration of electrochromic materials can be user-controlled by varying the magnitude of the 
applied voltage. (8) 
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About half of the solar energy arrives as visible light; the other half is invisible infrared 
radiation. (11) Electrochromic layers applied to glass allow transmission of visible light 
through it but reflect thermal energy with longer wavelengths. Emissivity varies from 0-1 and 
low emissivity coatings help to keep the heat inside when it is cold outside and keeps the cold 
inside when it is hot outside. Since there are many different materials and electrolytes the 
emissivity varies among these materials.  
 
Another property of interest is the U-value, which indicates the heat flow rate through a given 
glass construction due to the difference between indoor and outdoor temperature. The lower 
the U-value, the less heat transmitted through the glazing material and the more efficient the 
window is at reducing winter heating costs and summer cooling costs. (3) 
 
The lifetime of an electrochromic device is in the first place decided by switching cycles. (9) 
A cycle is counted as when a window goes from transparent to dark and then back to 
transparent. (3) Lifetimes of over 100 000 cycles with no noticeable degradation have been 
shown according to Sage Electronics. If the window is switched two times a day it would last 
137 years. (10) The lifetime also depends on many other things like, for example every step in 
the manufacturing process, which can cause defects on the window. Extreme environments 
like heat and cold also affect the lifetime.  
  
Since the electrochromic device is sandwiched between two panes of glass or plastic the 
window can be as strong as a “normal” window.  
 
The electrochromic device is similar to a battery concerning the temperature operating range. 
When the weather is cold the windows switch more slowly than when it is warm. Since there 
already exits electrochromic sunroofs on prestige cars on the market, for example Maybach 
and Renault, the windows have proven to work properly when exposed to the concerned 
temperatures.  
 

  
 Figure 4. Electrochromic sunroof in Maybach Figure 5. Electrochromic sunroof in Maybach 
 (from Maybach’s homepage) (from Maybach’s homepage) 
 
The switching rate depends in the first place on the conductance in the transparent conducting 
layer on which the electrochromic layer lies. The conductance is better on a glass panel than 
on plastic panel since a higher temperature is required when the electrochromic layer is coated 
on glass. Small electrochromic devices switch faster than large ones, for example large 
windows from Flabeg (see below) switch between 15-50 percent within twelve minutes and 
some goggles switch from light to dark in approximately five seconds.  
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The electrochromic windows can be formed in almost any shape. This requires high demands 
on the coating process (for thin films), laminating process (if an electrolyte is used) and on the 
equipment used to produce these windows. The biggest window ever made and used in tests is 
an electrochromic window made by Flabeg in Germany, it measured 1.2×2 m.  
 
The electrochromic devices absorb or reflect more UV-light than “normal” glass and therefore 
they “protect” better. Furthermore they are stable to UV-light.  
 
The traditional electrochromic devices reflect no more than seven percent of the incoming 
light no matter if they are in a dark or transparent state. They switch between a transparent 
and an absorbing state. This range can be moved if the design of the electrochromic devices is 
changed, for example to shift between 20-50 percent transmittance or 10-30 percent 
transmittance (sunglasses lies normally between 8-18 percent transmittance) and the windows 
can stay in any intermediate state between these two. The range lies unfortunately constant at 
2.5-3 times the lowest transmittance value. But the range can be increased if a solid 
electrolyte is used. This is today only possible if glass panels are used in the manufacturing 
process since it requires a high temperature. Test has been carried out with metal hybrids that 
change between transparent and reflecting states. These hybrids could reflect up to 50 percent 
in one of the states. (9) 
 
The electrochromic technology presents many opportunaties but has challenges as well:  
 

• Size: A front windshield or a rear window is roughly 1.5 m2 in area and is of 
compound curvature. Large areas present challenges for electrochromic devices 
because the electrochromic devices tend to color and bleach somewhat slowly and 
nonuniformly. Coloration to the fully dimmed state for a windshield-sized 
electrochromic device would take several minutes to complete. Fabrication of large 
area laminated windows of compound curvature is difficult.  

• Safety: If smart windows are to be used in a driver-critical application such as the 
front windshield, it is essential that high transmission rapidly returns if the power 
should be lost. Also, transmission through automotive windows must currently be 75 
percent and all automotive windows must be safety glazed. It is important to ensure 
that the optical design allows maximum luminous transmission while achieving 
minimal solar transmission. Some form of safety precaution may also be needed if the 
glass should break. 

• Reliability: Smart windows that are candidates for automobile use must be able to 
withstand prolonged exposure to both high and low temperatures. They must be 
extremely UV resilient. Smart automotive windows will need to be resilient under 
prolonged coloration. Bleach performance must be uniform regardless of how long the 
device has been colored. Coloration efficiency and the window’s ability to modulate 
solar transmission should not decrease as the temperature rises – solar control 
windows are desired to be most solar efficient when the environment is hottest.  

• Battery Drain: Power drain on the vehicle electrical system must be minimal. While 
in motion, the alternator produces sufficient output to supply most needs. While 
parked, the battery is the sole power source. If the battery capacity is not sufficient 
enough to restart a vehicle the consumer views it as a catastrophic event. Automotive 
chromogenic devices must draw minimal power while in their dimmed (solar efficient) 
mode. In this regard, electrochromic devices that have a long memory and thus do not 
draw current once colored are favored. 
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• Cost: From the consumer viewpoint, the greatest attraction will likely be user-control 
over the window transmittance. From the automaker’s point of view the attraction lies 
in the styling options possible and from benefits accompanied with more energy 
efficient glazing such as use of smaller air-conditioning equipment. Other benefits 
may help compensate for the added cost of this new technology. Human comfort in the 
car is influenced by ambient temperature and by how much the occupants are exposed 
to direct sunlight. Also, relative air velocity, humidity, activity level and clothing-
thermal resistance are important parameters. In addition to human comfort, since the 
interior cabin surface temperatures (under static soak) can reach close to 93 °C, 
materials that can withstand this without cracking and degradation are required. 
Decreasing the solar radiation on these surfaces could allow the use of less costly 
materials. Any reduction in UV-transmission through the glazing due to chromogenic 
activity would be beneficial. Together with the cost savings possible from downsizing 
air-conditioning equipment, such factors may help to compensate for the potential 
higher cost of energy-efficient chromogenic windows. (8) 
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Covers the whole window 
1 • Creates a homelike 

atmosphere. 
• The whole blind can be 

adjusted from the driver 
side. 

• Good vertical adjustment 
abilities. 

• Two functions - sun 
protection and blackout.  

• Unstable. 
• Will start to “swing” when 

driving. 
• The material has to be thick to 

work as blackout. 
• There will be gaps. 

3 • Covers the windshield 
completely.  

• Good vertical adjustment 
abilities. 

• Two functions - sun 
protection and blackout. 

• Might be difficult to adjust 
manually from the driver side. 

• Requires space in the A-pillars. 
• Does not create a homelike 

atmosphere. 
• Very difficult to clean the 

backside. 
4 

 

• Two functions - sun 
protection and blackout. 

• Does not require guide 
rails in the A-pillars. 

• Might be difficult to adjust 
manually from the driver side. 

• Does not create a homelike 
atmosphere. 

• Very difficult to clean the 
backside. 

• There will be gaps. 

5 • Covers the windshield 
completely.  

• Good vertical adjustment 
abilities. 

• Two functions - sun 
protection and blackout. 

• Folds might appear on the lower 
edge of the blind. 

• Might be difficult to adjust 
manually from the driver side. 

• Does not create a homelike 
atmosphere. 

• Very difficult to clean the 
backside. 

• Might “jump out of” the guide 
rails if they are to short. 

6 • Three functions - sun 
protection, blackout and a 
projection screen. 

• Might be more expensive. 
• Very difficult to clean the 

backside. 
• Might be difficult to adjust 

manually from the driver side. 
• Does not create a homelike 

atmosphere. 
• Requires space in A-pillars. 
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7 • Two functions - sun 

protection and blackout. 
• Good vertical adjustment 

abilities. 

• Might be difficult to adjust 
manually from the driver side. 

• Must be placed in front of the front 
shelf, near the windshield – 
difficult to reach. 

• Not enough space behind the front 
shelf. 

• Does not create a homelike 
atmosphere. 

• There will be gaps. 
8 

 
 

• Follows the shape of the 
windshield. 

• Takes less space in the 
A-pillars. 

• Light transmission where the 
material is stretched out. 

• Very difficult to clean the 
backside. 

• Might be difficult to adjust 
manually from the driver side. 

• Creates a homelike atmosphere. 

10 
 

• Creates a homelike 
atmosphere. 

• Two functions - sun 
protection and blackout. 

• Good vertical adjustment 
abilities. 

• The decoration at the lower part of 
the curtain might interfere with the 
sight requirements. 

• Might be difficult to clean – must 
be taken down. 

• Might be difficult to adjust 
manually from the driver side. 

11 • Can be placed behind the 
front shelf. 

• Works only as sun protection. 
• Thick, takes up more space. 
• There will be gaps. 
• Difficult to handle if manual. 
• Might be difficult to clean – must 

be taken down. 
• Does not create a homelike 

atmosphere. 
12 • Creates a homelike 

atmosphere. 
• Thick, takes up more space. 
• Thin material, lets light through. 
• Difficult to integrate with the A-

pillars. 
• Might be difficult to clean – must 

be taken down. 
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13 • Recognition from door 

window regulator. 
• Ability to se through. 

• Works only as sun protection. 
• Difficult to follow the shape of the 

windshield – there will be gaps. 
• Not enough space behind the front 

shelf. 
• Might be difficult to clean – must 

be taken down. 
• Does not create a homelike 

atmosphere. 
18 • No gap between the 

dashboard and the blind. 
• Positioned closer to the 

driver – easier to reach. 

• Might conceal lighting in the front 
shelf. 

• Might be difficult to clean – must 
be taken down. 

• Does not create a homelike 
atmosphere. 

19 

 

• Can be placed behind the 
front shelf. 

• Rigid horizontally. 
• Takes up a lot of space. 
• There will be gaps. 
• Does not create a homelike 

atmosphere. 
• Might be difficult to clean – must 

be taken down. 
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Covers part of the window 
Idea Pros Cons 
1 

 

• Able to cover all 
positions. 

• Might require bigger 
length.  

• Could be adaptable to the 
side window on the 
driver side. 

• Difficult to reach on the passenger 
side. 

• Probably has to be electric.  
• There will be gaps. 
• The passenger does not get any 

sun protection.  

2 

 

• Takes up little space. 
• Relatively good 

adjustment ability.  

• Unstable 
• Must be heavy and slow to not 

“vibrate down” when driving. 
Maybe this can be solved using a 
magnet. 

• There will be gaps. 
• Might get too close to the driver 

when folded away from the 
windshield. 

3 

 

• Can be extended into the 
field of vision. 

• Takes up less space 
today.  

• A complicated mechanical 
solution for the adjustment, either 
in different levels or infinitely 
variable. 

• There will be gaps.  

4 

 

• Saves space under the 
front shelf.  

• Takes up storage space inside the 
front shelf. 

• Might be difficult to keep in 
position. Might start to “vibrate 
down” during driving. 

• Might be difficult to accommodate 
in low radio shelves. 

• There will be gaps.  

5 

 

• Takes up less space 
under the front shelf than 
today. 

• Good adjustment 
abilities. 

• There will be gaps above the sun 
visor. 

• Might be difficult to keep in 
position. Might start to “vibrate 
down” during driving. 

• Possible to reach from driver seat 
without getting up? 
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6 
 

   

• Good adjustment 
abilities. 

• A transparent part can be 
allowed to interfere with 
the field of vision.  

• Two different “main” 
positions.  

• The sun visor might take 
up less space than today.  

• There will be gaps. 
• Might be difficult to make the 

joint stable enough. 
• Possible to reach from driver seat 

without getting up? 

7 

  

• Two functions. 
• Takes up less space than 

today? 
• Good adjustment 

abilities.  

• Gets too heavy if CDs are stored 
there. 

• Might be difficult to keep in 
position. The card holder/CD 
holder might start to “vibrate 
down” during driving. 

• There will be gaps. 
8 

 

• Two functions. 
• The interviewed drivers 

wanted a mirror 
(somewhere in the cab).  

• Heavy 
• (A lid has to cover the mirror.) 

9 

 

• The handle facilitates 
reaching the sun visor. 

• The handle can be dangerous (in 
case of a crash) depending on its 
shape. 

• The handle might irritate because 
it is in the field of vision. 

• There will be gaps. 
• Few adjustment abilities in vertical 

direction. 
10 

 

• Good adjustment 
abilities. 

• Takes up less space than 
today. 

• Expensive 
• Complicated design. 
• Might be difficult to keep in 

position. 
• There will be gaps. 
• Might be difficult to reach on the 

passenger side. 
• The passenger does not get any 

sun protection. 
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11 

 

• Two functions. 
• Saves space under the 

front shelf. 

• There will be gaps. 
• Might be difficult to keep in 

position.  
• Requires a net to prevent things 

from falling out of the front shelf. 
• Difficult to achieve sufficient 

length – depends on the lid of the 
front shelf. 

• Not possible to reach from driver 
seat without getting up? 

13 

 

• Easy to reach from driver 
seat. 

• There will be gaps. 
• Not symmetrical around the centre 

point.  
• Takes up the same space under the 

front shelf as today. 
• Few adjustment abilities in vertical 

direction. 

14 • No gap in the middle. 
• Easy to reach from driver 

seat. 

• Heavy and ungainly. 

15 

 

• Good adjustment 
abilities. 

• Takes up less space than 
today. 

• There will be bigger and bigger 
gaps. 

• Might be difficult to keep in 
position. Might start to “vibrate 
down” during driving. 

16 • Good vertical adjustment 
abilities. 

• Takes up storage space inside the 
front shelf. 

• Might be difficult to reach. 
• Might be difficult to keep in 

position. Might start to “vibrate 
down” during driving. 

• Heavy? 
• Gaps will appear. 

17 • Does not take up space 
under the front shelf (if 
the sun visor goes inside 
the front shelf). 

• Good vertical adjustment 
abilities. 

• There will be gaps. 
• Limited maximum length.  
• Might be difficult to reach. 
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19 

 

• No gaps close to the A-
pillars. 

• No need for a side 
window sun protection. 

• Heavy. 
• Ungainly to turn because of the 

length. 

20 

 

• Good vertical adjustment 
abilities. 

• Requires a thick sun visor shell 
and therefore gets heavy. 

• Extendable part might start to 
flapper. 

• Requires an expensive mechanical 
solution? 
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Roof hatch 
1 • Three functions - sun 

protection, blackout and 
bug net. 

• No hooks are needed – 
blind always stretched 
out.  

• Easy to get a functional 
mechanism.  

• Takes up space in the x-direction – 
rollers on both sides of roof hatch. 

• The roof hatch is always covered. 
• Has to be an electrical solution. 
• Scania has a similar design.  

3 

 

• Three functions - sun 
protection, blackout and 
bug net. 

• Takes up little space. 

• Light cannot enter. 
• Does such a material exist? 

4 

 

• Takes up little space. 
• No flutter. 
• Easy to handle since it is 

integrated with the roof 
hatch. 

• Cheap. 

• Not possible to have sun 
protection when roof hatch is 
open. 

• Has to be combined with a bug net 
if that is a desirable function. 

5 • Takes up little space in 
the z-direction. 

• No flutter. 
• Many different materials 

can be used, for example 
insulation, which gives 
two functions.  

• Takes up space in the x-direction. 
• Heavy material – strong engine is 

needed. 

6 • Lets in air but protects 
against rain. 

• Prevents insects from 
entering. 

• Risk of flapper when driving 
depending on the design. 

• Does such a material exist? 

7 

 

• Takes up little space. 
• Cheap. 

• Difficult to direct the fold when 
the roof hatch is open or closed. 

• Risk of flapper when driving 
depending on the design. 

• Has to be combined with sun 
protection/blackout equipment if 
that is a desirable function. 
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8 • Three functions - sun 

protection, blackout and 
bug net. 

• Takes up space in the z-direction. 
• Risk of flapper when driving 

depending on the design. 

9 • Three functions - sun 
protection, blackout and 
bug net. 

• Takes up space in the x-direction. 
• Risk of flapper when driving 

depending on the design. 

10 
 

• Three functions - sun 
protection, blackout and 
bug net. 

• Risk of flapper when driving 
depending on the design. 

• The bug net hangs down in the 
cab. 

11 • Three functions - sun 
protection, blackout and 
bug net. 

• Takes up little space. 

• Risk of flapper when driving 
depending on the design. 

• Sun protection and bug net hangs 
down in the cab when not used. 

• Not possible to have half sun 
protection/blackout and half bug 
net. 

• Has to be manual. 
12 • Takes up little space in z-

direction. 
• Takes up space in the x-direction. 
• Has to be combined with a bug net 

if that is a desirable function. 

13 • - • Has to be combined with sun 
protection/blackout equipment if 
that is a desirable function. 
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15 • Takes up little space. • Risk of flapper when driving 

depending on the design. 
• Only a few fixed positions. 
• Has to be combined with a bug net 

if that is a desirable function. 
• Has to be manual. 

16 • Three functions - sun 
protection, blackout and 
bug net. 

• Takes up space. 
• Risk of flapper when driving 

depending on the design. 
• Only a few fixed positions. 
• Has to be manual – otherwise 

expensive solution. 

17 • - • Risk of flapper when driving 
depending on the design. 

• Has to be combined with a bug net 
if that is a desirable function. 

18 • - • Takes up space – roller with 
electrical engine. 

• Risk of flapper when driving 
depending on the design. 

• Has to be combined with a bug net 
if that is a desirable function. 

19 

 

• Cheap and simple 
solution. 

• - 
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Other 
2 

 

• Creates a homelike 
atmosphere. 

• There will be gaps. 
• Cannot be adjusted. 
• Ungainly – takes up space. 

4 • Lots of functions. 
• Cables are saved. 

• Problems if the remote control is 
lost – there must be a “permanent” 
button as well.  

5 

 

• Takes up little space 
when folded. 

• Functional in corners.  

• Can be difficult to keep in 
position. Might start to “vibrate 
down” during driving. 

• Only two different positions – 
folded out or folded in.  

6 • Prevent insects from 
entering through the side 
window. 

• Takes up space. 
• Risk of burglary. 
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Curtains 
1 
 
 

• Creates a homelike 
atmosphere. 

• Personal.  

• Expensive. 
• Difficult to know what the drivers 

want. 

2 • Easy to attach and 
remove. 

• The two parts might separate when 
pulling the curtain. 

• The upper edge of the curtain 
might get more ungainly. 

4 • Chose between divider 
and curtain. 

• Rail has to be attached in the roof 
panel – otherwise it looks weird.  

5 • Easy to install in cab. 
• Saves material. 
• Curtain rails will be 

easier to manufacture.  

• Might be difficult to fit the curtain 
tight against A-pillar/windshield 
blind.  

6 • Creates a homelike 
atmosphere. 

• Cheap – less and thinner 
material because it does 
not need to work as 
blackout. 

• Superfluous – only creates a 
homelike atmosphere. 

9 
 

• No gaps. • More difficult to attach the curtain 
to the curtain rail. 

• Heavier curtain rail. 
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10 • Velcro: cheap, light. 

 
• Magnets: cheap, durable, 

no gaps, invisible – if 
placed inside fabric. 

 
• Snap fasteners: durable. 
 
• Hooks and hulls: light. 
 
• Zip fastener: durable.  

• Velcro: if dirty – loses attachment 
ability.  

 
• Magnets: heavy, could be too rigid, 

could be difficult to fit to each 
other. 

 
• Snap fasteners: difficult to handle, 

there could be gaps. 
 
• Hooks and hulls: picky, must have 

many otherwise there will be gaps. 
 
• Zip fastener: picky, expensive. 

11 

    

• Two functions – less 
fabric is needed.  

• Creates a homelike 
atmosphere. 

• Requires two different curtain 
rails. 

• Difficult to install in cab.  
• Has to cross the wall panel if not 

installed in roof panel – could look 
weird. 
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Foldable sun visors in the windshield or in the side window 
Idea  
1 • Excluded as a windshield sun protection due to too many 

drawbacks.  
• Might work better in the side window. 

2 

 

• Might work in both the windshield and the side window. The 
function should be tested. 

3 • Might work in both the windshield and the side window. The 
function should be tested. 

6 

      

• Might work in both the windshield and the side window. The 
function should be tested. 

8 

 

• Might work in both the windshield and the side window but 
to have the mirror right in front of the driver is more suitable. 

• A mirror on the sun visor is an extra function, which will be 
evaluated later on when a decision has been made which sun 
protection that is going to be used in the windshield. 

9 

 

• Might work in both the windshield and the side window but 
is more suitable in the windshield.  

• Could be good to fasten a lever on the sun visor on the 
passenger side so a 5th percentile person can reach the sun 
visor. Can be an accessory for “small persons”.  

• The idea was developed to suit the windshield. 
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13 

 

• The idea is suitable for the windshield. The function should 
be tested. 

• Gap closer to the driver can be more disturbing when driving. 
• Might require three attachment points, which might make the 

sun visor less well-functioning as when two attachment 
points. 

15 

 

• Excluded due to the difficulty to make it work properly 
because of the need of friction between the different plates.  

17 
 

• Excluded because there is not enough space for this kind of 
solution in none of the truck models.  

19 

 

• Excluded since it would be ungainly to use in the truck 
because of the required length to provide a sufficient sun 
protection.  
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Blinds in the windshield or in the side window 
3 

 

• Might work in both the windshield and the side window. The 
function should be tested. 

4 • Might work in both the windshield and the side window. 
• It is an alternative if the solution with the guide rail inside the 

A-pillar is not possible. 

5 

 

• Might work in both the windshield and the side window. 
• Blind with foldable bug net/transparent part is an extra 

function, which will be evaluated later on when a decision has 
been made which sun protection that is going to be used in the 
windshield and the side window. 

6 
 

• Might work in both the windshield and the side window but 
for a bigger screen the windshield is more suitable. 

• Projection screen is an extra function, which will be evaluated 
later on when a decision has been made which sun protection 
that is going to be used in the windshield and the side 
window. 

8 • Might work in both the windshield and the side window. 
• Elastic roller blind is an extra function, which will be 

evaluated later on when a decision has been made which sun 
protection that is going to be used in the windshield and the 
side window. 

• Can such a material black out good enough if it is stretched 
out? 
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Roof hatch 
1 • Might work. 

• It is not possible to entirely uncover the roof hatch. 
• If electrical – requires a motor and springs or two engines. 
• The idea was developed to contain a buckle between the two 

different blind materials. 

5 • Might work. 
• Risk of jamming in the guide rails. 
• For an electrical solution a motor has to be added, which has to 

be positioned beside the roof hatch. 

7 • Excluded because the current roof hatch’s mechanism is not 
compatible with this solution. 

8 • Might work. 
• Roller blind is standard and bug net is accessory. 
• Takes up space in the x-direction if the rollers are placed 

behind each other. 

9 • Excluded since it takes up space at both sides of the roof hatch 
(x-direction) where other functions can be placed. 

12 • Excluded since it takes up space at both sides of the roof hatch 
(x-direction) where other functions can be placed. 

15 • The idea was integrated with the solutions for the manual blind 
in the roof hatch. 

17 • Excluded since the guide rails have to be large to allow the 
blind to be pleated. 
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18 • The idea was developed to a motorized roller blind with a 

motor housed inside the roller tube. 
• The idea was combined with idea 19 below. 

19 • Takes up little space. 
• The idea was combined with idea 18 above. 
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Windshield 
Concept A 

 
 
 
 

Concept B 

 
 
 
 

Concept C 

 
 
 
 

Concept D 
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Concept E 
 
 

 
 
 

Concept F 
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Side Window 
 

Concept A 
 

 
 
 

Concept B 
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Roof Hatch 
 

Concept A 
 

 

 

Concept B 
 

 
 

 

Concept C 
 

 

 

Concept D 
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  A B C D E F G H I J K L M ⎯ Pi Ki 

A 0 1 1 2 2 2 2 2 1 1 2 2 2 1 21 0,124

 B -1 1 2 2 2 2 2 1 1 2 2 2 3 21 0,124

  C -2 1 2 2 2 2 1 1 2 2 2 5 20 0,118

   D -5 2 1 1 0 0 1 2 2 2 7 13 0,077

    E -8 1 1 0 0 0 1 2 2 9 8 0,047

     F -8 1 0 0 0 1 2 2 11 9 0,053

      G -9 0 0 1 2 2 2 13 11 0,065

       H -6 0 1 2 2 2 15 16 0,095

        I -3 1 2 2 2 17 21 0,124

         J -7 2 2 2 19 18 0,107

          K -18 2 2 21 7 0,041

           L -22 2 23 3 0,018

            M -24 25 1 0,006

             Sum 169 1,000
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Side Window 
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  A B C D E F G H I J K L M ⎯ Pi Ki 

A 0 1 1 0 2 2 2 2 1 1 2 2 2 1 19 0,112

 B -1 1 1 2 2 2 2 1 1 2 2 2 3 20 0,118

  C -2 1 2 2 2 2 1 1 2 2 2 5 20 0,118

   D -2 2 2 2 2 2 2 2 2 2 7 23 0,136

    E -8 1 1 1 0 1 2 2 2 9 11 0,065

     F -9 1 0 0 1 2 2 2 11 10 0,059

      G -10 1 0 1 2 2 2 13 11 0,065

       H -10 0 1 2 2 2 15 12 0,071

        I -5 1 2 2 2 17 19 0,112

         J -10 2 2 2 19 15 0,089

          K -20 2 2 21 5 0,030

           L -22 2 23 3 0,018

            M -24 25 1 0,006

             Sum 169 1,000

 



Value Analysis  Appendix 12 

Page 3 (3) 

Roof Hatch 
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  A B C D E F G H I ⎯ Pi Ki 

A 0 2 2 2 2 1 2 2 2 1 16 0,198

 B -2 1 1 2 1 2 2 2 3 12 0,148

  C -3 0 1 1 2 2 2 5 10 0,123

   D -3 0 1 2 2 2 7 11 0,136

    E -5 0 1 2 2 9 9 0,111

     F -4 2 2 2 11 13 0,160

      G -11 2 2 13 6 0,074

       H -14 2 15 3 0,037

        I -16 17 1 0,012

         Sum 81 1,000
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Windshield 
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Side Window 
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Roof Hatch 
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