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A B STRACT
Construction equipment and heavy machines for the industry 
are often designed with focus on theindustrial purpose. The 
metal industry in particular, is a heavy and rough industry 
where sometimes worker needs are set aside to prioritize the 
mechanical functions of the machines. As industrial design 
engineers, our role is to combine the needs of human,  
the demands of the industry and the the conditions of the 
producer when designing new products.

This master thesis focuses on designing the driver environment 
in a slag hauler, a machine transporting slag in smelters. The 
slag hauler is produced by the company Kiruna Utility 
Vehicles (KUVAB), on their production site in Kiruna. A slag 
hauler is a low series product, and the manufacturing time is 
about one year. The driver environment on todays slag hauler 
have not been updated for a long time and the objective of this 
project has been to deliver a concept for a new driver cabin 
with improved ergonomics, safety and user experience. The 
goal was to deliver a concept that was implementable in 2017. 
The concept should be delivered as a CAD model and also a 
full size prototype.

The project has been conducted using a human centred design 
approach, meaning that stakeholders have been involved 
throughout the whole process to ensure a design beneficial to 
all stakeholders. Through design methods applied in the right 

stage of the process, we have managed to tackle the design task 
of the complex product in an efficient way.

The result is a cabin designed for the 5th-95th percentile of the 
population that embraces the importance of safety in terms of 
fire. The cabin has not only integrated all equipment in a nice, 
serviceable and producible way. It also enables KUVAB to 
change parts of the interior over time to create business 
possibilities as future customers can update/upgrade parts of 
the interior after delivery.

By designing according to international standards, aspects of 
both ergonomics and safety are well thought through, which 
in the long term likely contribute to reduced levels of injuries 
and sick leave. The user experience has been improved by 
involving stakeholders in the design process to make sure the 
design will meet their needs. The full-scale prototype will be  
an efficient way to communicate the future design to both 
customers as well as designers at KUVAB.

This project shows that it is possible to apply design methods 
in a conservative industry with little experience of such 
methods. The result corresponds to the objective of this project 
and enlarges KUVAB’s understanding of their customers and 
their needs.

KEYWORDS:   Slag Hauler, Driver Environment,  Metal Industry, Industrial Design Engineering,  Ergonomics, Safety,  
  User Experience 



S A M M A N FAT T N I N G
Anläggningsmaskiner och tyngre fordon för större industrier 
är ofta designade med focus på maskinens mekaniska syfte. 
Metallindustrin, är en särskilt tung industri där ibland 
människors behov åsidosätts för att istället prioritera 
maskinernas mekaniska funktioner. Som civilingenjörer inom 
teknisk design är vår roll att kombinera människans behov 
med behoven från industrin samt kraven från producenten för 
att designa bra produkter.

Det här examensarbetet behandlar utformning av förarmiljön 
för en slaggtruck. En slaggtruck är ett stort fordon som 
fraktar flytande slagg mellan masugnen och en tipp-station 
på smältverk. Slaggtrucken produceras av Kiruna Utility 
Vehicles (KUVAB) i deras lokaler i Kiruna. Slaggtrucken är 
en lågserieprodukt och i dagsläget tar det ett år att färdigställa 
en slaggtruck för leverans. Dagens förarmiljö har inte blivit 
uppdaterad under väldigt lång tid, därav uppkom detta 
arbete att ta fram ett koncept för en förarmiljö med fokus på 
ergonomi, säkerhet och användarupplevelse. Målet var att 
leverera ett koncept som skulle kunna vara implementerbart 
till 2017, konceptet skulle presenteras både som en CAD-
modell men även en fullskalig prototyp.

Projektet har genomförts med en människocentrerad design- 
process, intressenter har varit involverade genom designprocessen 
för att kunna säkerställa bra design för samtliga. Genom att 

tillämpa metoder avsedda för att involvera intressenter vid 
rätt stadie i processen har vi lyckats angripa designen av den 
komplexa produkten på ett effektivt sätt. 
Resultatet är en ny förarmiljö anpassad efter världens alla  
förare från 5e-95e percentilen med stort fokus på brand- 
säkerhet. Förarmiljön har noggrant integrerad utrustning som 
är servicevänlig och implementerbar, men även modulbaserad 
på ett sätt så att KUVAB i framtiden kan erbjuda sina kunder 
uppdaterade moduler efter leverans av truck. 

Genom att designa med utgångspunkt i internationella 
standarder garanteras en förarmiljö som är både ergonomiskt 
och säkert utformad, vilket i det långa loppet troligen leder till 
färre arbetsskador. Användarupplevelsen har förbättras genom 
att involvera intressenterna i designprocessen för att säkerställa 
att deras behov möts. Den fullskaliga prototypen är ett 
kommer vara ett effektivt sätt att förmedla designen till både 
KUVABs kunder, men även för deras egna konstruktörer.

Det här arbetet visar att det är möjligt att applicera design- 
metoder i en konservativ industri med liten erfarenhet av 
liknande arbetsprocesser. Samtidigt levererades ett resultat som 
inte bara möter projektets mål, utan dessutom ger företaget ett 
ytterligare värde genom djupare kunskap om sina kunder och 
deras behov.

NYCKELORD: Slaggtruck, Förarmiljö, Metallindustrin, Teknisk Design, Ergonomi, Säkerhet, Användarupplevelse
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2 | INTRODUCTION 

Figure 1. Slag hauler emptying slag at SSAB Raahe, Finland.

# 1  I N T R O D U C T I O N
Construction equipment and heavy machines for the industry are often designed 
with focus on their industrial purpose. Until today, design of slag haulers has been 
done with less consideration of the driver manoeuvring the vehicle. Compared 
to other industrial working places, for example farming equipment and dumpers, 
slag haulers are far behind in terms of operator environment. 

A slag hauler is a big truck transporting slag in smelters (figure 1). There are three 
big actors on the international market, German brands Kirov and Kamag and 
American producer Kress. Some Chinese producers also exist, mainly producing 
cheaper copies of the existing vehicles. Kiruna Utility Vehicles is a realtively small 
Swedish producer, competing with quality and Scandinavian design. Drivers today 
have more influence in the decision-making when buying a new vehicle and their 
experience of the cabin is important. To match higher prices and quality of the 
slag hauler, Kiruna Utility Venicles decided to redesign the driver cabin on the slag 
hauler model SH 60. 

The request for a new design of the driver environment initiated this master thesis. 
Students are carrying out the master thesis during the last semester of the 
Industrial Design Engineer program at Luleå University of Technology (LTU). The 
master thesis course D7014A is 30 Swedish university credits, equal to 20 weeks 
of fulltime work. This project was conducted in Luleå during the spring of 2016.
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1.1 BACKGROUND AND INCENTIVES
Kiruna Utility Vehicles AB (KUVAB), a company within 
the Nybergs Mekaniska Verkstad (NMV) Group, produces 
vehicles for smelters and other big industries within the mine 
and steel sector. During the year of 2012, NMV acquired  
the former Kiruna Trucks vehicles driving above ground from 
Atlas Copco, which resulted in production of the vehicles 
on site in Kiruna. Today KUVAB produces approximately 
one vehicle per year. The vehicles are produced to order, 
meaning there are room for customization on each truck. 
Most KUVAB vehicles are based on the same front wagon 
with replaceable rear wagons (slag hauler, container truck,  
coil carrier & platform trailer) (figure 2) which makes the 
production easier. 

 The KUVAB vehicles are among the most 
expensive on the market, but also among 
the best in terms of lifetime, environment 
requirements for engine, easy service and 
safety. Although the vehicles have been 
updated, the driver cabin for all the vehicles 
has had the same design for over 30 years. 
The interior of the cabin today is very basic 
and little consideration have been put on 
comfort and functionality for the driver 
(figure 3). The vehicle is operated in two 
directions, the driver sits forward when 
driving the vehicle between smelter and 
dumping station, and backwards when 
handling the slag pot. 

To secure future customers and be more 
attractive on the market, KUVAB wants 
to produce a new driver cabin for their 
vehicles that meets the user and customer 
needs. As the vehicles are getting better  
even among competitors, the drivers 
environment is becoming an important 
competitive factor. 

The slag hauler will be the focus vehicle for the new cabin 
design since it has the most functions among the vehicles 
with the same front wagon. During the fall of 2015, a group 
of students developed a concept for a new driver cabin for 
the slag hauler SH60 in the course Advanced Product Design 
(D7006A) at LTU (Brorsson-Pierre et al, 2016). This concept 
focused on the exterior and the result was highly appreciated 
among the people involved from the NMV group (Appendix 
A). It was proposed to continue the development of the con-
cept, that was named SH60 ASIO (figure 4) and this master 
thesis focuses on the interior of the new cabin. 

Figure 3. Front and rear position of the driver environment in SH 60.

Figure 2. Kiruna Utility Vehicles truck system with replacable rear wagons
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Figure 4. Todays drivers cabin on slag hauler SH 60 to the left and the new cabin concept ASIO to the right.

1.2 PROJECT OBJECTIVES AND AIMS
The project objective is to design a new drivers’ environment 
for SH60 that is more ergonomic, safer and has a better user 
experience than todays slag hauler. The project aim is to en-
hance the experience for the driver by improving their work-
ing environment, but also improve the situation for other 
stakeholders that are related to the slag hauler. On behalf 
of the company, the aim is also to deliver a new design that 
makes their products attractive on a global market. Driver 
environment is a heavy sales point and an improved driver 
cabin will strengthen KUVAB among competitors.

The concept will be built in a full size prototype and 
complemented with a CAD-model of the design. The 
prototype will enable to physically experience the new cabin 
in a way that is not possible in a computer model. The 
CAD-model on the other hand will be basis for the future 
construction of a new cabin interior, therefore it is also an 
important outcome of the project. Other deliverables will 
be visual posters that describes the result from different 
stages and this project report. The visual material are key 
components for communicating thoughts and design choices 
to the company.

1.3 RESEARCH QUESTIONS
Three research questions have been stated to define the area of 
research for this project. The research questions are: 

• How can we improve the physical and cognitive ergonomics?
• How can we improve the safety? 
• How can we improve the user experience? 

1.4 PROJECT SCOPE 
The design task will be tackled with a human centred 
design approach. Three factors determine the project scope; 
ergonomics, safety and user experience. The drivers are 

operating the vehicle most of their working time, so the 
ergonomic factor play a central role in the design, both 
physical and cognitive. Physically, we will primarily look at 
physical load, but also consider climate, lights and acoustics. 
Cognitively, we will focus on the interaction with the controls 
and instruments and the layout of the interior. The safety 
aspect concerns fire, escape and visibility. 

The human centred approach in this project means that 
stakeholders are involved in the design process. Both drivers, 
service mechanics and managers have influence when 
purchasing a new vehicle. The opinions among these groups 
of stakeholders are basis for improving the user experience in 
the new cabin. 

One limitation in the project is that the new design should 
be producible with todays manufacturing methods. KUVAB 
expects to have a new drivers cabin on the market within a 
year from the end of this project. The new interior concept 
will be a combination of existing components from suppliers 
KUVAB has today but also completely new designs for some 
features when motivated.

1.5 THESIS OUTLINE
The theoretical framework for this project will cover areas 
about industrial design engineering, human centred design 
and user experience. It will also present research about specific 
design aspects regarding safety and ergonomics for the slag 
hauler. This is followed by a section describing the human 
centred design process used in the project; including the 
stages inspiration, ideation and implementation.  
The approaches for each stage have been a mix of practices 
that were developed by the project team and known 
methodologies. The methodology section ends with a 
reflection about the approaches and their reliability. 

Next follows the results from all the different stages in the 
process as well as a presentation of the final design and the 

prototype. The last two 
sections are; discussion and 
conclusions. These sections 
will cover reflections about 
the result and the 
contribution of this project 
as well as answering the 
research questions stated in 
the beginning of the 
report. 

Posters have been used  
for communication and 
presentation during the 
process and these will be 
presented in the appendices 
section at the end of this 
report. 
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2.1 INDUSTRIAL DESIGN ENGINEERING
Industrial design engineering is the combination of the 
two traditional fields; industrial design and mechanical 
engineering (Smets & Overbeeke, 1994). Industrial design is 
defined by Industrial Designers Society of America (IDSA) as; 
“The professional service of creating and developing concepts 
and specifications that optimize the function, value, and 
appearance of products and systems for the mutual benefit  
of both user and manufacturer” (IDSA, n.d.). 

Traditionally, machines where designed by mechanical 
engineers and not designers, sometimes resulting in products 
that were not made for human, but perfectly working for 
their industrial purpose. Norman (2013) describes engineers 
as extremely logical thinkers, designing their machines 
correspondingly. The problem is that not all people are 
logical; resulting in products that are not made for people. 
An industrial design engineer needs to have both great 
technological knowledge as well as understanding aesthetics 
and cognitive aspects of a product (Glomann, 2015; Norman, 
2013; Smets & Overbeeke, 1994). Industrial design engineers 
design for human, therefore they also need to understand the 
human, its abilities and limits. Norman (2013) reasons the 
difference between engineers and designers as being the ability 
to understand and admit human behaviour; “We have to 
accept human behaviour the way it is, not the way we would 
wish it to be” (p. 13). 
 

The first, and probably the most critical step of design is 
understanding the right problem (Cain, 1998; Glomann, 
2015; Norman 2013). The design process is rarely straight 
forward, the stages in the process are iterated to continuously 
improve the design. The different stages of design work are 
often iterated in a way that may seem chaotic, but there are 
well thought methodologies for design work (Friedman, 
2000). The British design council (BDC) (2005) developed a 
model called the double-diamond model (figure 5) describing 
the divergent and convergent activities in the design process. 
The BDC model is a good model to illustrate the work in 
this project, alternately diverging and converging ideas and 
solutions.

It might not be possible to learn the art of design; the only 
sure thing is that design is about constantly learning. This 
includes exploring and combining different fields of research 
to fully understand the design context (Buchanan, 2001). 
Bad design of industrial machines without considering 
human characteristics and needs could in worst case lead to 
serious accidents. A well established approach to avoid this 
problem of bad design is called Human Centred Design 
(HCD) (IDEO, n.d; ISO 9241-210:2010; Norman, 2013). 
This project will be conducted using a human centred design 
approach.

# 2  T H E O R E T I C A L  F R A M E W O R K
This chapter presents research about design engineering, human centred design and ergonomics, topics that 
are the framework for the project. The chapter also contains theory about design aspects and standards that 
are basis for implementing the new design later on in the project. 

Figure 5. Illustration of double-diamond model, based on BDC (2005).
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2.2 HUMAN CENTRED DESIGN
Human centred design (HCD) is a term widely used in the 
practice of design today. ISO 9241-210:2010 defines HCD 
as follows: “approach to systems design and development that 
aims to make interactive systems more usable by focusing on 
the use of the system and applying human factors/ergonomics 
and usability knowledge and techniques” (p.2).

The term human-centred design has its origin in Donald 
Normans research laboratory at the University of California 
San Diego in the 1980s, and was widely spread after the 
release of his co-authored book User centered system design: 
new perspectives on human-computer interaction (Norman 
& Draper, 1986). HCD is sometimes used synonymously 
with the term user-centred design, but there is a point in 
addressing the human instead of user, because human is a 
wider term including all stakeholders (ISO 9241-210:2010).

The idea of HCD is to design objects and systems with 
involvement of stakeholders to better understand their needs 
(Abras, Maloney-Krichmar & Preece, 2004; IDEO, 2015; 
Norman, 2013;). There are a wide range of methods for 
implementation of HCD, involving stakeholders in different 
stages of the design process, the essential thing is that they are 
involved (Abras et.al., 2004). 

One could ask if it is possible to consider all these aspects of 
stakeholder involvement and measuring user experience in a 
project with limited budget and time? The answer is probably 
no; but there is a point in considering the aspects of HCD as 
far as possible;

The design practices described by the double-diamond 
and the human-centred design process are the ideal.  
Even though the ideal can seldom be met in practice,  
it is always good to aim for the ideal, but to be realistic 
about the time and budgetary challenges.  
(Norman, 2013, p.239) 

2.3 ERGONOMICS
In accordance to designing with a HCD approach, the well-
being of the human is the common goal for the designers. One 
way to work towards that goal is to apply the theories of ergo-
nomics. The International Ergonomic 
Association (IEA) is defining ergonom-
ics (or human factors) as following:

The scientific discipline con-
cerned with the understanding of 
interactions among humans and 
other elements of a system, and 
the profession that applies theory, 
principles, data and methods 
to design in order to optimize 
human well-being and overall 
system performance. (IEA, 2016)

Within ergonomics there are three 
main domains; physical, cognitive  
and organizational (Figure 6). Physical 
ergonomics focuses on physical  

activity, cognitive ergonomics focuses on mental processes and 
organisational ergonomics focuses on sociotechnical systems 
(IEA, 2016). For this project it will be central to consider both 
physical and cognitive ergonomics. 

2.3.1 HMS
In ergonomics there is a subarea, Human Machine System 
(HMS), that focuses on the cognitive ergonomics. HMS is 
central for this project since a slag hauler can be classified as a 
machinery. The HMS-system can be described as two parts, 
the human and the machine. In between them is the interface 
which act as the link between the two parts (figure 7). On one 
side, the human perception interprets the machine signals 
and performs an action, this process is called cognition. On 
the other side, the controls of the machine convert the human 
action to a mechanical or electrical function. The machine 
needs to display that the action have happened so the human 
understand that the action have been completed.

Figure 6. Domains of ergonomics, illustration based on Bligård (2011)

Figure 7. Human machine interface, illustration based on Chapanis (1965).
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Norman (2013) describes the interface information flow as 
part of ‘the gulf of evaluation’ (from display to human sensory) 
and “the gulf of execution” (from human action to control) 
which has to be bridged for a system to work. He means that 
when building this bridge, it is important to have a good 
interface to make the human-machine system usable. A lot of 
human errors are linked to low usability in products, where as 
high usability is directly linked to good cognitive ergonomics 
(Bligård & Osvalder, 2014). Since the safety is one of the top 
priorities in the project, the design has to reduce human errors 
to a minimum. Through Swedish Work Environment Author-
ity knowledge compilation (Karlsson, Classon & Rönnberg, 
2014) there are several studies listed that show the importance 
of good interface and the link between cognitive abilities and 
life quality. The document says that although a human with 
lower cognitive abilities get an interface for the purpose of 
better cognitive ergonomics, a person with normal cognitive 
abilities is also benefitted from this. Thus a good interface 
equals high usability which means good cognitive ergonom-
ics. Which subsequently creates higher quality of life for the 
workers.

2.3.2 Anthropometrics
The widest spread work related injuries are musculoskeletal 
disorders, representing one third of all work injuries (Pun-
nett and Wegman, 2004). The problem especially appears in 
industrial countries (Buckle and Devereux, 2002) and is often 
caused by monotonous repetitions, application of excessive 
force (Punnett and Wegman, 2004), vibration or awkward 
postures (Magnusson and Pope, 1998).  By applying physical 
ergonomics in the design of new products, work injuries like 
musculoskeletal disorder may be reduced (Silverstein and 
Clark, 2004).

To prevent injuries when designing new products or work sta-
tions, it is important to consider data of the user’s body meas-
urements, the anthropometrics. In anthropometrics there are 
two common approaches; design for all and design for average. 
Design for all means that there are adjustable parameters in the 
design to ensure good ergonomics for ’all’ users, while design 
for average is design for the average human anthropometrics 
(Bohgard et al, 2011). Considering anthropometrics in the 
design is crucial to ensure good ergonomics for the user  
(ISO 7250-1:2008). The user population is often consisting  
of both men and women, with varying anthropometrics.  
By designing with adjustability, the design is likely to fit most 
users. Anthropometrics for the 5th-95th percentile of operators 
(ISO 3411:2007) will be considered for the design of the 
driver environment in this project. 

2.3.3 Physical factors
Except anthropometrics, there are many other physical factors 
to consider in the field of ergonomics. With ergonomics applied 
to physical factors like climate, sound, vibrations, radiation 
and light, it is possible to prevent injury while at the same time 
increase work performance (Bohgard et al, 2011).

2.4 USER EXPERIENCE
Human centred design is about understanding human 
behaviour and human needs by involving stakeholders in the 
design process. A designer can listen to what people say about 
a product or a situation and observe what users do in a given 
situation, but how do designers understand what the users 
really feel about a product? The idea of understanding the users 
experience of a product was born in the mid 90s at Apple, and 
the term User Experience was invented (Henderson, Miller 
& Norman, 1995). Since then, the term has been widely 
spread and is used in almost every design process. ISO 9241-
210:2010 formulates user experience as; “person’s perceptions 
and responses resulting from the use and/or anticipated use of a 
product, system or service” (p.3).

To be able to understand the user needs in terms of opinions, 
behaviour and emotions, we need to understand the difference 
between these perspectives and find appropriate methods for 
each of them (Sanders, 2002). Sanders points out that we can 
not really design an experience, as the experience is highly sub-
jective, but we can learn from people’s experiences and use it as 
source for inspiration when designing. The author illustrates 
the levels of how we can learn about user experience with a 
triangle (figure 8). By interviewing people, we learn what they 
say, and by observing them we can see what they do, but if we 
want to reach a deeper level of their emotions and attitudes we 
need to involve them in the design process, something that is 
called co-creation. 

Many products today aim for a global market, and so does 
the slag hauler in this project. When designing for the global 
market, there is a challenge in satisfying diverse user needs in 
different countries. Norman (2013) means that if focusing on 
the activity when using a product rather than tasks, designers 
are more likely to enhance the user experience (the activity is 
a wider term of action, e.g. empty slag in the steel production, 
while tasks are all the small actions conducted during the activity). 

Experiences are subjective and non physical. Regardless of 
their abstract form they can be considered the core value of a 
product (Cain, 1998). Cain discusses two arenas of experience 

Figure 8. Different levels of user experience, based on Sanders (2002).
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based design; The company’s emotions, values and attitudes 
towards a product as well as the user’s experience of it. 
Furthermore, he argues the embodiment of a product as just a 
part of the design result. The designer should ask him/herself 
weather it is possible to explain the design in broader terms 
than just the physical product. That kind of result can be really 
useful for the company on a longer basis, and the key for the 
company to understand its customers. 

2.5 SUSTAINABILITY AND SAFETY
The term sustainability has spread widely and most companies 
wants to be identified with this term. The definition of being 
‘sustainable’ has shifted over the last years, from the meaning 
of something that was easy to maintain or likely to endure 
to the meaning of reduced consumption and protecting 
the environment (Haslam & Waterson, 2013). Reduced 
consumption and protecting the environment is closely 
related to human behaviour and human actions, something 
that should be considered early in the design process. Demirel 
and Duffy (2013) argues the importance of implementing a 
sustainable approach throughout the complete design process.

This project is mostly focused on sustainability in relation to 
ergonomics, areas where our results have potential to generate 
most impact. Other important factors are of course the use 
of energy, fuel consumption and emissions, these factors 
are outside of the scope for this thesis but yet important for 
KUVAB. The main purpose of addressing this topic is to settle 
that sustainability should be a natural part of design work 
already from the early stages of the product development cycle. 
Sustainable thinking is deployed in this project when choosing 
suppliers of components, trying to use Swedish suppliers if 
possible, and European suppliers if no Swedish 
providers exist. Another reason for using European 
suppliers is to ensure that all components in the 
end product follows European standards for safety 
and performance. 

Bolis, Brunoro & Sznelwar (2014) studied the 
relation between sustainability and ergonomics and concluded 
that the two factors are closely related, a company’s investment 
in these factors yields organizational performance and health 
of the workers. Health in a broader perspective than just the 
absence of illness, but in the sense of building health and 
long-term well being. Demirel & Duffy (2013) means that 
integration of ergonomics engineering in the design process  
is essential for long-term sustainability.  

Investment in work environment and the health of workers 
increase their productivity. A study of the 150 largest 
companies on the Australian stock market, showed that there 
is a correlation between corporate safety management and 
share value (Larsson, Mather & Dell, 2007). Ichniowski, Shaw 
& Prennushi (1997) conducted another study involving  
36 steel production lines, the results showed that innovative 
human resource management had large effects on the workers’ 
performance. The results imply that involvement of workers  
in decisions and problem solving will positively affect  
the motivation of workers and thereby their performance. 
Involving stakeholders in the design process by methods of 

HCD is thus proved to be a winning concept in terms of both 
health of workers, productivity and economical pay-off.

2.6 THE BENEFITS OF PROTOTYPING
Prototyping is commonly used during several stages of a 
design process to test ideas and making them tangible. There 
are different ways of prototyping, both physical prototyping 
and digital prototyping using computer aided design 
(CAD). The two approaches have different benefits and 
can complement each other throughout the design process 
(Horton & Radcliffe, 1995). This project has a big focus on 
physical prototyping, a physical model of the design is one 
of the goals of this thesis work. Inevitably, CAD is also used 
during the process of designing the interior for the drivers’ 
cabin. Physical prototyping might be more expensive than 
computer modeling in terms of time and material costs but the 
investment is likely to be profitable in the long run. Testing 
ideas physically can help avoiding future re-designs caused 
by problems that could have been discovered early during the 
development process. 

Youmans (2011) conducted a study of prototyping among 
120 students, whereof 80 were design students. The finding 
was that physical prototyping as a design method facilitates 
designers to avoid fixations in existing solutions. Even 
simple prototypes created in paper, wood or metal helps the 
designer communicate and investigate solutions, leading to 
better performing designs (Youmans, 2011). The study also 
showed that physical interaction with materials enhanced the 
originality, functionality and creativity of the design. 
A big challenge in design and engineering lies in 
communication between team members, especially in a cross 

functional team with people from different fields  
(Will, 1991). Horton & Radcliffe (1995) argues the benefits 
of physical prototypes as communication tools to be one of 
the great advantages of the method. They call it prototyping 
for sharing, prototyping as a tool for sharing ideas and creating 
understanding within a group of people from different fields 
to communicate on equal grounds. “There is no assumption 
of special knowledge, such as the interpretation of engineering 
drawings or specifications…” (Horton & Radcliffe, 1995, 
p.). This benefit of physical prototyping is vital in this project. 
The result will be shared among designers, manufacturers and 
CEO of the company. KUVAB in their turn, wishes to use 
the prototype for sharing the result with their customers, slag 
hauler drivers and selling agents to show the new design of the 
driver cabin before production of a first real cabin.

“...physical interaction with materials enhanced the 
originality, functionality and creativity of the design.”

(Youmans, 2011)
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2.7 DESIGN ASPECTS
This section describes aspects that are of importance for the 
design of a driver cabin with focus on ergonomics and safety. 
Restrictions and recommendations have primarily been 
obtained from The European Parliament and the Council 
directive 2006/42/EC and international standards. Some 
recommendations have also been acquired from Swedish  
Association of Mines, Mineral and Metal Producers.

2.7.1 Physical comfort
Comfort is a wide term including many factors of 
well-being for the user. In this section we focus on 
comfort for the operator with respect to ergonomic 
factors such as the operator seat, working position 
and reach of controls. Ergonomic conditions for 
service mechanics are also important as they are 
secondary users of the product. 

ISO 11112:1995 describes general requirements 
for the operators’ seat in earth-moving machinery. 
There are no standards for slag haulers in particular, 
earth-moving machinery is considered being the 
most similar vehicle type and thereby applicable 
in this project. The document defines the 
minimum and maximum measurements for the 
operators’ seat as well as general requirements for 
the seat, information which is base for the choice 
of a suitable driver’s seat. Seat dimensions and 
requirements in the documentation are based on 
the dimensions of the 5th-95th percentile  
(ISO 3411:2007).

Seat index point (SIP) is a standardised point  
(ISO 5353:1998) in the operators’ seat. 
Measurements to surrounding controls and devices 
are generally defined with reference to the SIP. The 
SIP is a characteristic of the seat and often specified 
by the seat manufacturer. 

ISO 6682:2008 defines zones of comfort and reach 
of controls for earth-moving machinery. Zone of 
comfort is where primary hand and foot controls 
should be located to be in reach for the operator 
(figure 9). Controls should be located within these 
zones for both small and large operators while 
seated. Small operators are approximately the 5th 
percentile measurement and large operators are 
approximately the 95th percentile measurement 
(ISO 3411:2007). 

Minimum operator space envelope is the minimum 
space around the operator in a sitting working 
position (figure 10) (ISO 3411:2007). The 
minimum operator space envelope is based on a 
large operator as defined in the standard. Both 
standards; ISO 3411:2007 and ISO 6682:2008,  
are being considered while placing the operators’ 
chair and surrounding equipment.

Design for maintenance and service is of importance for the 
performance of a product (Swedish Association of Mines, 
Mineral and Metal Producers, 2015). The association states 
that products should be designed with respect to both 
planned and unexpected maintenance. Service points should 
be designed with ergonomic principles in mind and be easily 
accessed. Frequently maintained components should be 
placed so that they can be changed with minimal dismantling 
of surrounding equipment. It is recommended to separate 
components, if possible, into modules for easier management. 

Figure 9. Zones of comfort and reach. (Image from ISO 6682:2008).

Figure 10. Normal minimum interior space envelope for enclosure, seated operator, 
(Image from ISO 3411:2007).
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2.7.2 Displays & controls
Location and selection of displays and controls are important 
parts of designing a driver environment that is comfortable, 
ergonomic, safe and efficient. “The location and arrangement 
of displays and control actuators are intended to ensure the 
general reliability, safety and efficiency of the human-machine 
system.” (EN 894-4:2010, p.6). A procedure for designing 
controls and displays to ensure that they fulfil all relevant 
requirements is presented below. 

The procedure consists of six steps as following  
(EN 894-4:2010): 

1.  Information collection about the activities for the specific  
 product. This includes defining task and functions as well  
 as evaluating the operators relevant physical and cognitive  
 characteristics. 
2. The designer should thereafter analyse and evaluate  
 requirements and constraints for the selection and location  
 of controls and displays. This includes listing all necessary  
 displays and controls, prioritise them, define the operators  
 working posture, space constraints and information flows. 
3.  Displays and controls can thereafter be placed in suitable  
 areas according to given constraints and fields of vision  
 (monitoring area) (figure 11). The field of vision is  
 divided into zone A, B and C. Where A is the  
 recommended area; all controls and displays for primary  
 tasks should be located in this area. Area B is acceptable,  
 displays and controls for secondary tasks could be placed  
 in this zone if it is not possible to place them in zone A.  
 Zone C is not recommended, seldom used controls/ 
 displays can sometimes be placed here if no other options  
 are available. An examples of such monitor could be   
 temperature regulation in a room. 
4.  The fourth step treats internal grouping and arrangement  
 of elements for each control or display unit.  This is done  
 according to basic structures for grouping such as: order,  
 simplicity, clarity, uniformity etc. 
5.  The final step is to implement and evaluate the new design  
 in order to ensure comfort, safety and functionality for  
 the operator. 

The procedure in EN 894-4:2010 have been considered 
in this project to ensure ergonomic placement of controls 
and displays while planning layout of objects in the drivers’ 
environment. In particular, the first three steps, dealing with 
information collection, analyse and placement of controls 
and displays. Detail construction of devices and following 
evaluation of the result is outside of the scope for this master 
thesis. Awareness of these two steps are however important 
for getting a general picture of the design task and achieving 
a good and sustainable result. Even though design of controls 
is outside of the scope of this thesis work, selection of suitable 
controls is part of the process. 

Selection of controls should be done with consideration of the 
requirements for the controls, such as operator capabilities, 
control task and other circumstances of their use. The task 
requirements that are of most importance for choosing 
controls are broken into two groups: general and specific 
requirements. The general requirements are as follows; 
required accuracy, speed of setting, force requirements. 
Specific requirements are; need for visual check, need for 
tactile check, need to avoid inadvertent operation, need to 
avoid hand slipping, need for operator to wear gloves and ease 
of cleaning (EN 894-3:2008).

2.7.3 Climate
The biggest challenge when it comes to the climate in a 
driver’s cabin are the big window areas for good visibility.  
The large window areas can create great heat in the summer 
and great heat loss in the winter (CEN TR 614-3).

According to CEN TR 614-3, it is recommended to keep 
the change of mean temperature within 3 degrees from the 
floor to the drivers’ head to ensure good climate. It is also 
recommended to prevent condensation and frost from the 
windows to make sure the driver have good visibility. This 
makes it important to have a good air flow and sufficient air 
outlets on different places in the cabin.

Figure 11.Vertical and horizontal fields of vision for the operator. (Image from IEN 894-2:2008).
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CEN TR 614-3 also recommends to reduce the direct sun 
radiation without the cost of the drivers’ visibility, which 
makes it important to have optional sunscreens for the driver 
in the cabin.

When handling slag it is important to make sure the drivers 
have a fresh air supply since there might be pollution in the 
air around the vehicle when tipping the slag. If filters, and 
other techniques used to keep a fresh air supply, may fail or 
not withhold the levels of air quality, a device for alarming the 
driver should be placed within the driver cabin (AFS 1997:5).

2.7.4 Internal l ight
The lights inside the cabin have to be placed with 
consideration of tasks that the driver conducts when not 
driving. When designing the internal light, it is important to 
avoid glare (EN 1837:1999+A1:2009). Therefore, the choice 
of material and surface structure of the material is of great 
importance to a keep the reflection low. The placement of 
the internal light is also important since shadows of the light 
might cause disturbing contrasts (EN 1837:1999+A1:2009).

2.7.5 Acoustics
Noise is a common problem in industry vehicles. Many times 
the sound levels exceed the minimum levels defined in the 
directive 2003/10/EC of the European Parliament and of 
the Council on the minimum health and safety requirements 
regarding the exposure of workers to the risks arising from 
physical agents (noise) [2003] OJ L 42/38. If so, the operator 
has to wear sound dampening device like ear plugs to 
compensate. To make the slag haulers cabin as comfortable 
as possible it is important to make sure levels are below the 
European minimum requirements, but also implement sound 
dampening material to reduce sound levels as far as possible.

2.7.6 Safety
Since the slag haulers carry and tip very hot slag and the fire 
hazard is high. The directive 2006/42/EC of the European 
Parliament and of the Council on machinery, and amending 
Directive 95/16/EC (recast) [2006] OJ L 157/24 require 
that there are fire extinguishers easy accessible or that the 
truck is provided with a built in extinguisher system. The 
documentation about safety in these documents refers to 
working machines in general, and some risks are particularly 
severe for slag haulers in comparison to other machines. Fire 
and explosions are recurring dangers and drivers’ safety it is 
of big importance in the design.  The least is to make sure the 
design can hold a fire extinguisher and that there is room in 
the truck for installing an in built fire extinguisher system. 

It is crucial that the driver can escape safely from the 
vehicle in case of emergency and especially fire. The 
European Parliament and the Council directive 2006/42/
EC recommends that there is an emergency exit in a 
different direction than the normal entrance and that the 
exit must allow rapid evacuation. Therefore, the placement 
of glass hammer and emergency exit sign must be taken into 
consideration in the design.

When operating the vehicle and direct vision is impossible 
to achieve, vision of the “dead-zones” can be improved 
by adding video units (The European Parliament and the 
Council directive 2006/42/EC). Since the visibility when 
driving the slag hauler is limited, visibility aid has to be taken 
into consideration in the design.

In a situation where the machines system fails, there should 
be emergency lights to provide the driver with enough 
visual perception to be able to evacuate the machine safely 
(EN 1838:2013). Except backup system with batteries for 
permanent mounted lights, the machine is recommended to 
hold a mobile light to help the driver further.

The European Parliament and the Council directive 
2006/42/EC require at least one emergency stop device on 
the machine. An emergency stop device should be easily 
identified by anyone who could be in need of such function. 
The actuator may be one of the following types; pushbuttons 
activated with the palm of the hand, wires, handles or 
foot-pedals. The actuator should be located at each operator 
station. Additional actuators may be placed at other locations 
if necessary, eg. entrance or exit locations. The devices should 
be placed so that they are directly accessible by the operator or 
others who could need to actuate them. (ISO 13850:2015)

The European Parliament and the Council directive 2006/42/
EC requires that instructions for handling the machine must 
be on board. In the design there must be a place for keeping 
the manual of the truck.

“It is crucial that the driver can 
escape safely from the vehicle in case 

of emergency and especially fire.“
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3.1 PROCESS
Norman (2013) summarizes the overall process of HCD in 
four activities; observation, ideation, prototyping and testing. 
The author means that by iterating these four activities, the 
designer will gain more insight about the problem and finally 
approach a successful design. The design organization IDEO 
(n.d.) suggests the process of HCD to concern three stages 
instead of four; Inspiration, Ideation and Implementation. 
IDEO (2015) include prototyping as a natural part of all 
stages instead of addressing it as a separate stage. The process 
in this project have been performed according to the three-
stage model of IDEO. Each main stage has consisted of a 
micro process (figure 12). The methods and micro processes 
will be further described later in this chapter. 

The first stage, inspiration, focused on learning and gathering 
information about everything that could be of interest when 
designing the new driver environment. This step was crucial 
to be able to design something that would make sense to 

the stakeholders, since our knowledge about slag haulers 
were limited when we started the project. The second stage, 
ideation, is where we created ideas and solutions to improve 
todays drivers cabin. The ideas were based on the inspiration 
and insights that we gained in the first step. The third and 
final stage, implementation, is when we made reality  
of the ideas we believed in to form a concept of the new 
driver cabin. 

We were based at the university during the first two steps of 
the process, inspiration and ideation. The third step of imple-
mentation was spent at the company office to have easy access 
to the workshop and production when building the proto-
type. Meetings with supervisors and the CEO at KUVAB was 
held continuously throughout the project to get feedback on 
the work in each process stage, (figure 13). The process stages 
and the activities conducted during each phase are further 
described later in this chapter. 

# 3  M E T H O D  A N D  
I M P L E M E N TAT I O N
This chapter describes the methodology used in this project. The project has been carried out through a three 
stage process inspired by the Human Centred Design process by IDEO. Different methods have been used 
during each project stage, these methods are further described in this chapter.

Figure 12. Design process with micro processes under each stage.
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3.1.1 Posters
In academics and research, it is common to use 
posters to show research findings, it is also a 
common tool within design to illustrate concepts 
(Wikberg et.al., 2015). Posters are a visual and 
communicative way to show the progress and 
results in the project. Posters have been used as a 
method for documentation and communication, 
especially in the inspiration stage where a lot of data 
was analysed and presented to the stakeholders. The 
posters will be referred to continuously throughout 
the result chapter and they can bee seen in the 
appendices section. An example of the use for 
posters can be seen below (figure 14), the post-it 
notes are comments and feedback from a meeting 
with supervisors at the end of the inspiration stage.

The layout for the posters varies depending on its 
purpose but the same fonts have been used for all 
posters to give a uniform impression. The posters 
act as a complement to the project report and a 
more effective way to show results to NMV and 
KUVAB, but also for people that are not familiar 
with the project without having to read the full report.

Figure 13. Visual communication during meetings with supervisors at different stages of the process.

Figure 14. Posters with comments on Post-It Notes. 
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3.2 PROJECT PLANNING
The two first weeks of the project were dedicated to planning. 
First of all, a time plan was made in form of a Gantt-chart. 
The planning process aims to understand the project purpose, 
the scope and how the project is going to be conducted 
from a-z. This was defined in a project analysis according to 
the model presented in the book Design: process och metod 
(Wikberg et.al., 2015). A set of questions regarding the 
project mission, aims and goals were answered. The project 
analysis was used as the basis for the project plan, which 
was approved by all supervisors before continuing to the 
inspiration stage.

The project planning also included a brainstorming about 
important aspects for the design of a  new driver cabin.  
The topics where divided into two main areas; functional 
and emotional aspects. The functional area represents topics 
that are of more concrete nature, things that can be measured 
or evaluated in hard values. The area of emotional aspects 
represents values that are of softer character, things that are 
experienced by human and will be subjectively evaluated. 
Both areas are important to get a result that is both functional 
and have a good user experience.

The topics were put together in a mind-map (figure 15) which 
have been used as a framework throughout the project. The 
mind map is flexible and it has been changed and reorganized 
during the project to fit the current situation. The main 

purpose of the mind map is to gain a common understanding 
for the project scope. It has also been used as a support to 
make sure we do not forget important aspects during all the 
process stages, from initial research and literature study, to 
ideation and final concept.

3.3 LITERATURE STUDY
A literature study initiated the project, the study gave us 
insight in how to approach the design task and a deeper 
understanding for the process of HCD. The literature 
study also aimed to give support for answering the research 
questions. Even though a big part of the literature was 
obtained early in the project, complementary research 
has been done regularly when needed. The main areas for 
the literature study were; design methodology, physical 
ergonomics, cognitive ergonomics and user experience. 
Literature was obtained from the online university search 
engine provided by the library, google scholar and books on 
the topic of design methodology. The literature study was 
complemented with a more focused research later in the 
project, see more under “Secondary research”. 

Keywords that were used are: ‘human centred design’ (HCD), 
‘ergonomics’, anthropometrics’, ‘cognitive ergonomics’, 
‘human-machine-system’ (HMS), ‘usability’, ‘user experience’ 
and ‘occupational safety and health’ (OHS). 

Figure 15. Mind map of important design aspects in the project.



METHOD AND IMPLEMENTATION | 17

3.4 EXTERIOR – PRODUCTION 
ADAPTATION
To be able to start our design with the interior, the exterior 
had to be modified to fit future production needs. From the 
project during the fall of 2015, the concept had some features 
that was to expensive to implement. We had to adjust the  
design of the exterior to create a realistic base in which we 
could design the interior. 

The two main issues regarding the design was the curved glass 
and the non-vertical pillars that would hold the door. With 
information from the local glass dealer up in Kiruna about 
prices and possibilities with the windows and with some 

quick CAD models, we discussed the design with our super- 
visor at NMV.

To try the new exterior design, we staged the pillars position 
with some wooden planks (figure 16) and adapted the CAD 
model from the measurements we found suitable to get the 
best possible vision for the driver.

To further design the emergency escape mechanism the 
choice between hardened or laminated glass was discussed. 
The pro’s and con’s was concluded in a poster (Appendix B) 
and during a meeting with the supervisor from KUVAB we 
discussed the best scenario for the truck.

Figure 16. Testing placement of pillars using simple material. 

“We had to adjust the design  
of the exterior to create a realistic base in  

which we could design the interior.”
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3.5 INSPIRATION
The inspiration stage aims to understand the situation and 
context of the product and relevant stakeholders. To do 
this, different methods have been used for understanding 
the stakeholders as well as identifying problems with the 
existing design in order to be able to make improvements. 
The methods used in the inspiration stage (figure 17) 
are stakeholder mapping, benchmarking, interviews, 
observations, secondary research, stakeholder profiles, need 
analysis and problem analysis. The methods follow the micro 
process: define, learn and analyse. Each method and the 
implementation of them will be further described in the 
coming section.

3.5.1 Stakeholder mapping
Since using a HCD approach in this project it is important 
to understand and involve the people that are affected by 
the product or have impact on the design, the stakeholders. 
To do this, we first had to identify the stakeholders and how 
they were related to the project. The stakeholder mapping 
started with a brief discussion/brainstorm and all suggested 
stakeholders were written on post-its and clustered together in 
different groups (figure 18).

The stakeholders were defined as all the people that are of 
importance for this project from our perspective as designers. 
This includes both stakeholders that are obvious for the 
product such as the users, but we also other stakeholders that 
affect the project like the company (KUVAB) and laws and 
regulations. When the stakeholders were identified, they were 
grouped into a stakeholder map showing their relation to 

the project. Icons were made for each group of stakeholders 
and these icons have been used in the project to illustrate the 
different stakeholders. This method was inspired by a method 
called ‘Audience’ from The Field Guide to Human Centred 
Design (IDEO org., 2015). 

3.5.2 Benchmarking
To investigate state of practice in working machines and 
vehicles a benchmarking was conducted. When exploring 
similar products, it is possible find out pros and cons with 
existing solutions and in that way find potential for future 
development. “Benchmarking can reveal existing concepts 
that have been implemented to solve a particular problem, 
as well as information on the strengths and weaknesses of 
competition.”  
(Ulrich and Eppinger, 2012, p.127). 

Figure 17. Workflow for the Inspiration stage according to the three phases; define, learn and analyze.

Figure 18. Stakeholder mapping using post-it notes. 
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Regarding machines for mines and smelters, particularly slag 
haulers, the market is limited and the design of such vehicles 
is far behind other types of working machines. We chose to 
study vehicles from the farming and construction equipment 
sector, because the working situation for these operators is 
similar to that of a slag hauler driver. Similar to a slag hauler 
operator, they work long shift in their vehicles. 

Crucial aspects of the cockpit are sight, comfort, safety and 
climate. In contradiction to other vehicles, the main task of 
both a slag hauler and tractors/loaders is to manage different 
tools and operations in a stationary position, and the driver 
does not drive longer distances in high speed. What is also 
similar is that each machine is customized to the buyers’ 
preferences and needs, meaning the sellers have good relations 
with their customers and deep understanding of customer 
needs. The interior of new farming machines and loaders are 
carefully designed with the driver in mind, with aspects such 
as ergonomics and safety in core. 

We visited three resellers of 
tractors and loaders. Two in 
Luleå; Lantmännen Machines 
AB and Norrmaskiner AB and 
GT Center located in Skellefteå. 
The visits gave chance to see 
different models of brand new 
machines, sitting in the cockpit 
and taking photos of interesting 
details (figure 19). After the 
visits, further benchmarking 
was conducted online, studying 
websites of tractor producers such 
as; Valtra, John Deere, Fendt and 
loaders from JCB. Photo collages 
was made to visualise information 
from the online benchmarking. 

Other slag hauler brands and models 
have also been looked at, but none of the 
existing slag haulers on the market are 
well developed in terms of ergonomics 
and user experience. Therefore, this gave 
limited inspiration for innovative thinking, 
although it gave insights regarding existing 
interior designs and mapping of controls 
and displays.

3.5.3 Observation
To get a good knowledge of how people 
handle ordinary events in life or need to un-
derstand how they react naturally in specific 
situations, a practical method is observa-
tion. The method is especially useful when 
the purpose of the study is to get a natural 
behaviour, as Love (2005) describes it. To 
be able to understand the slag hauler as a 
vehicle, how it works and how the drivers 
interact with the vehicle, we did three field 

trips to three different smelter plants, two in Sweden and 
one in Finland. All plants had different slag haulers, were as 
one of the smelter plant had the newest delivered model SH 
60. We joined the drivers in their truck and observed them 
working in the slag haulers during both collection of pots and 
dumping of slag (figure 20). This gave a better understanding 
of their working procedures and opportunity to notice poten-
tial problems. This is called participant observation and the 
features of it is described by Jorgensen (1989, p. 1):

“Through participant observation, it is possible to describe 
what goes on, who or what is involved, when and where 
things happen, how they occur, and why – at least from 
the standpoint of participants – things happen as they do 
in particular situations.” 

Figure 19. Checking out a JCB loader at Lantmännen Machines in Luleå.

Figure 20. Participant observation together with a slag hauelr driver in Raahe, Finland.
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Video recording with GoPro cameras was used to document 
the observations. This enabled us to return to the material 
several times after the actual visit and study details that we 
missed when sitting in the slag hauler. The videos were also 
important for letting both of us see all material as we could 
only ride one at a time at each plant. 

Observation is beneficial in situations when it can be hard 
for a user to describe or explain a behaviour as Preece, Rogers 
and Sharp (2002) states. We also got time to look at the slag 
haulers while standing still to inspect interior, try out the 
driver’s position and take pictures of the interior.

During the visits we also measured the balanced sound level 
in the vehicles during operation using sound level meter 2238 
Mediator from Brüel & Kjaer. We did several measurements 
to ensure the data was correct, the longest measurement 
was 45 minutes and included the noisiest steps of the slag 
handling process. The measurements were performed in 
order to control if the sound levels in the vehicle are within 
the accepted value according to Directive 2002/49/EC of 
the European Parliament and of the Council. If the the value 
would be higher that recommended 
levels, the design has to focus further 
on sound dampening actions. 

3.5.4 Interview
In order to get an insight of other 
people’s feelings, attitudes, ambitions 
and values, interviews are effective. Interview is a good 
method to use in the beginning of a project to get an 
understanding of the stakeholders and how they relate to or 
use the product (Wikberg-Nilsson, et al. 2015). Unstructured 
interviews are often based on topics rather than specific 
questions, where the answers can be widely explained. By 
an unstructured form, the interviewer can build a relation 
throughout the interview and get qualitative results, 
(Cicourel, 1964). 

Unstructured interviews 
have been conducted with 
all stakeholders in order to 
understand their attitudes 
and opinions regarding the 
product and the project. The 
interviews were recorded 
to enable returning to the 
material afterwards. In this 
way we could focus more on 
the interview itself, rather than 
writing down all the answers 
during the interview.

Interviews with the managing 
seller were conducted during 
the benchmarking visits to 
resellers of loaders and tractors. 
We had some written topics 
(Appendix C) that were basis 
for discussion during the visits. 

The thoughts and answers were written down on paper during 
the showing of the vehicles.

During our field trips, we conducted semi-structured 
interviews with drivers, the managers and mechanics to get 
a better understanding of what the situation of todays slag 
haulers is, but also an understanding for what functions 
future slag haulers may/must hold. The interviews were based 
on a pre-set of questions (Appendix D) and conducted in a 
way so that the interviewee could explain the answers further. 
The interviews with the drivers were conducted in their lunch 
room, with the boss present, and took about 45 minutes 
(figure 21). Interviews with the managers were conducted 
in a car following the slag haulers around the smelter plant, 
these interviews took around 15 minutes. Interviews with 
mechanics were conducted in their office/work shop and took 
around 15 minutes. Interviews with driver and mechanics  
in Finland were conducted with the manager as a translator 
from Finnish to English and vice versa.

To  understand the vision of NMV as the owning company 
and KUVAB as the producing company we conducted phone 

interviews with CEO from each 
company based on a pre-set of 
questions (Appendix E). The interviews 
took about 20 minutes to conduct.

To get information of how to 
approach laws and regulations 
regarding the cabin design we 

did an unstructured interview with an employee at NMV 
who is responsible for CE marking of their products. She 
has previously worked at the Swedish work environment 
authority meaning she has a good understanding of the 
regulations and how to relate to them. We only had one topic 
to discuss; what laws and regulations apply for the slag hauler? 
The thoughts and answers were written down on paper during 
the 10-minute interview conducted at NMV Luleå.

Figure 21. Interview with a driver in the lunch room in Raahe, Finland.

“In order to get an insight of 
other people’s feelings,  

attitudes, ambitions and values, 
interviews are effective.”
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3.5.5 Secondary research
While HCD mostly focuses on talking to people and 
understanding their behaviour, there are some areas of 
information that can not be obtained by just using methods 
such as interviews and observations. Understanding the 
context also contains areas such as applicable laws, regulations 
and previous research within the area of the project (IDEO, 
2015). To learn more about such topics a secondary research 
was conducted. The areas for the study were based on the 
mind map that was made during the project planning, see 3.2 
Project Planning.

The slag hauler as a product is defined as a machine and 
have to follow the European Parliament and the Council 
directive 2006/42/EC in order to be CE-marked. Since 
the directive is describing some requirements in a non-
quantified way, we chose to look at harmonised standards, 
which often contains quantified requirements. There are no 
harmonised B-standards today that applies specifically for a 
slag hauler, but Swedish Association of Mines, Mineral and 
Metal producers (2015) implies all the important design 
aspects and harmonised standards for vehicles in the mining 
and mineral industry, based on the Swedish Regulation AFS 
2008:3. The slag hauler can be seen as a similar vehicle to 
those in the mining industry and the document is therefore 
a good source of information. To find other requirements for 
the ergonomics we looked at the technical report CEN/TR 
614-3:2012 which contains both quantified requirements and 
references to standards for certain topics within ergonomics 
for mobile machinery.

In order to double check if we missed any harmonised 
standards central to our project we used the document 
Guidance on the application of the essential health and safety 
requirements on ergonomics set out in section 1.1.6 of Annex 
I to the Machinery Directive 2006/42/EC (EU Machinery 
Legislation, 2009) and the Swedish version of it (Swedish 
Standards Institute, 2016).

3.5.6 Stakeholder profi les
To summarize the findings from the interviews and obser-
vations we created something we call stakeholder profiles 
(figure 22). These are posters where data and analyses are put 
together in a synthesis for each stakeholder group. Sym-
bols on the poster show whether the text is ‘information’ or 

‘analysed data’, to clarify for the observer. Different topics are 
presented on the different posters depending on what was 
most interesting for that specific stakeholder. The stakeholder 
profiles are visual posters that present the information in a 
format that is easy to understand for any observer. The posters 
were put on the wall in our project room and worked as a 
reminder to consider all stakeholders through the process. 
The posters were also effective for communicating the findings 
from the inspiration stage to people outside the project and 
well as supervisors and people at KUVAB. 

Portraits of representatatives from each group of stakeholders 
were also taken. We let the persons hold a poster which was 
edited in photoshop so that the poster shows a key quote 
from that stakeholder. In this way we give the stakeholders 
a face and it is easier for the observer to relate to the diffrent 
stakehodlers as they get ‘real’. 

A related method within design work is personas, fictive persons 
that are representative for the intended users (van Boijen 
et.al., 2014; Wikberg et.al., 2015). Unlike the personas, we 
did not make up fictive persons for each group of stakeholders. 
But similar to the use of personas, the stakeholder profiles 
have been utilised as a tool to ensure that different needs and 
preferences are considered through all stages of the project. 

3.5.7 Need analysis
A needs analysis was used a tool to summarize the findings 
from the user studies (interviews and observations) and translate 
findings into needs and requirements for the product. A need 
analysis is suggested to be one of the early stages of a  
human-centered-design process to confirm that the design 
team understand needs from different stakeholders and 
consider these in the process (Smith, 2011). Smith further 
empathizes that requirements are important to define in order 
to ensure the team working towards the same goal and with 
the same vision of what the product is supposed to achieve. 
Unlike a requirements specification, which is often technical, 
describing the functional needs of a product from the designer 
perspective, the needs analysis focuses on findings of how the 
users/stakeholders think the system should work. 

The purpose of the needs analysis was to clarify the needs  
expressed by different stakeholders so that the final result 
could strive to satisfy those needs as far as possible. Smith 
(2011) states that requirements are complex and often  
conflicting, and that the challenge lies in meeting those needs 
in the best possible way. A needs analysis can also help iden-
tify trade-offs that need to happen in a development project. 

3.5.8 Problem analysis
A problem analysis was defined as a complement to the needs 
analysis. The problem analysis highlights problems that were 
identified in the existing drivers cabin. The problems that 
we identified were both detected through comments in the 
interviews, but also details that we observed while watching 
the drivers at work. The problems were listed in a two sided-
poster with images illustrating each problem. 

“While HCD mostly focuses  
on talking to people and  

understanding their behaviour,  
there are some areas of information  

that can not be obtained  
by just using methods such  

as interviews and observations.”
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Figure 22. Stakeholder profile. 
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“The posters were put on the wall in our project room  
and worked as a reminder to consider all stakeholders  

through the process. It was also an effective way to  
communicate the findings from the inspiration stage  
to people outside the project as well as supervisors  

and people at KUVAB.”
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3.6 IDEATION
The ideation stage is where we processed the findings from 
the inspiration and translated this information into ideas for 
the new design. The aim of this process stage was to create 
a broad variety of ideas that could be tested and refined to 
finally become the final design. The methods in this stage 
followed the micro process: arrange, explore and create (figure 
23). The arranging methods were component mapping and 
electronic system mapping. The explorative methods were 
early sketching, how might we?, style board, inspiration 
board and cardboard crap up. The final creative methods were 
co-creation, workshop and brain sketching. Stakeholders 
participated in the co-creation session and people outside the 
project were invited to join the workshop. The methods in 
this stage have been iterated, and the arranging documents 
have been refined continuously during the process.

3.6.1 Electronic system mapping
To sort out how to link different kinds of information we 
did an electronic system map. With information we mean 
all the different data that the driver sees in todays driver 
environment, like motor status, slag handling indications, 
driving indications etcetera. 

The mapping was made as a visual representation of how 
the different systems should be linked together. By mapping 
the systems, we decided which systems should be integrated 
and what kind of systems that should be held separate. We 
did research on what kind of components that were possible 
to implement and if it would be beneficial or not to link 

them into one system. The purpose of integrating different 
information into a Central Information System (CIS) is 
to minimize the need for different analogue displays and 
controls in the cabin, and thereby help the driver cognitively. 

We wrote all the different information systems that are 
necessary to have in the slag hauler on an A3 paper that 
we brought to a meeting with KUVAB. Together with 
representatives from KUVAB we discussed whether different 
systems could fit into the CIS or not. 

3.6.2 Component mapping
Component mapping is a tool to define the placement of 
different components in the cabin. With components we 
mean all the different devices that are mounted inside the 
cabin, such as steering wheel, drivers seat and so on. The 
cabin was divided into seven zones and components were 
mapped to the different zones depending on their functions. 
In this way we tried to create a logical, ergonomic and safe 
working environment for the driver. In the beginning of the 
ideation stage we used cut out pictures of the components 
which we moved in between the different zone papers to 
quickly get a grip of different solutions (figure 24). The 
mapping can be considered a list of requirements for where 
in the cabin the different components are going to be placed. 
For more complex products that are dealing with a lot of 
different aspects, it is a tool for structuring the requirements 
(Annemiek Van Boeijen, Jaap Daalhuizen & Jelle Zijlstra, 
2014).

Figure 23. Workflow for the Ideation stage according to the three phases; arrange, explore and create.
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To link the components to functions in the environment 
we also defined the electronic displays and controls that was 
necessary and structured them in a document where the 
different functions were mapped with different components 
(Appendix F). As an example the function could be steering 
in front position and the component could be steering wheel. 
The choice of components for the prototype was then 
based on the list of electronic displays and controls and the 
mapping. In this way we ensured that the components we 
were looking at implementing could hold these functions. 
During the process we considered different options for most 
of the components to finally choose the most suitable one 
on the market. We had a close dialogue with many different 
suppliers, where we explained our needs and they tried to 
offer suitable solutions. Since our design is supposed to be 
implementable during 2017 it was important to choose 
relevant components that exist on the market today. We had 
a document for all the components that were needed, and 
the list were filled with suitable components and suppliers 
continuously. The components were then ordered via the 
managing purchaser in Kiruna to be placed in the final 
prototype.

3.6.3 Early sketching session
The first thing that was done in the ideation stage was to 
sketch individually on different ideas that we had to get a 
starting point for the ideation. The sketching was done for  
15 minutes at a time, whereon we discussed the sketches  
and built on each others ideas. 

This early sketching session was made to let initial ideas be 
visualized before too many restrictions and definitions were 
set. Perspective views of the cabin were printed in low opacity 
and used as sketching templates. Sketching on printouts 
let the designer sketch freely and spontaneous but with a 
guidance of size and perspective (Eissen & Steur, 2007). 

All sketches from the ideation stage have been drawn with 
soft blue pens to get a uniform expression. This makes it 
easier to assess the ideas on a more equal ground since all 
ideas are made with a similar level of detail. If some of the 
sketches are further developed and sketched with markers and 
fine liners, while others are simple pencil drawings, there is 
a risk that the more refined sketches are perceived as better 
ideas. The point of these early sketches is to generate and 
communicate ideas, so there is no need to refine the ideas 
further with details such as materials and colors in this stage 
(Eissen & Steur, 2007; Greenberg, Carpendale, Marquardt & 
Buxton, 2012). All sketches were put on a piece of cardboard 
to get an overview of the result from this stage.

Figure 24. Mapping of components with cut out images. 

“This early sketching session was 
made to let initial ideas be visualized 

before too many restrictions and 
definitions were set.” 
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3.6.4 How might we?
This is a method that was achieved from The Field Guide to 
Human centered design by IDEO org. (2015). The point is to 
formulate problems that have been identified into questions 
asking: How might we solve this problem? As an example; 
if it was discovered that the drivers don’t feel safe in the slag 
hauler cabin, a question could be; how might we improve the 
feeling of safety in the slag hauler cabin? The questions can be 
answered in many ways and allow different solutions to the 
same problem. A benefit with the method is that the design 
task gets defined in simple questions which can stimulate the 
creativity in a complex situation (IDEO org., 2015). This 
is helpful when the scope is wide and the design challenge 
consists of many different aspects as it does in this project. 

A bunch of how-might-we questions were stated to translate 
the insights from the inspiration stage of the project into 
possibilities for design (figure 25). The questions were written 
on paper cards so that they could be picked randomly. 
The how-might-we cards have been used during different 
brainstorming sessions and in the co-creation with staff at 
NMV Kiruna. 

3.6.5 Style board
Images are good to create a visual representation of a design, 
and to create an understanding of what we want the final 
design to communicate (Wikberg et.al., 2015). A style board 
is a kind of collage of images that represent the design that is 
aiming to be achieved. A style board was created (Appendix G)  
to define the visual design criteria of the new slag hauler 
SH60 ASIO and give inspiration for the aesthetics of the 
interior design. 

The style board shows the exterior design and details of the 
slag hauler that are characteristic for the design expression. It 
also shows examples of materials for the interior. The point of 
the style board is to get a common understanding for what we 
aim to create in terms of looks and feeling of the driver cabin. 

3.6.6 Inspiration boards
The inspiration boards are visual collages to inspire and trig-
ger ideas during the ideation process. Inspiration boards were 
made primarily for the workshop (Appendix H), but they 
have also been used within the project team while brainstorm-
ing. The boards were divided into two topics, one was inspira-
tion for different ways of compact storage, and the other was 
inspiration for compact chair design. The images can give 
ideas to other areas too, even though the boards are clustered 
among two main topics.

Figure 25 . How might we-questions for brainstorming sessions. 

“ A benefit with the method is  
that the design task gets defined  

in simple questions which  
can stimulate the creativity in  

a complex situation.” 



METHOD AND IMPLEMENTATION | 27

3.6.7 Crap up prototype
A crap up is an early mock up, a full scale model made of 
simple material. Physical models are helpful early in a project 
to demonstrate function, ergonomics and reach etc., it can 
also help the designers to test ideas and to optimize solutions 
(Buchenau & Fulton Suri, 2000; Wikberg et.al., 2015). Crap 
ups (or mock ups) let designers test physical interaction in full 
scale and are useful tools to understand the human interaction 
with the future product. A crap up model made of card-
board (figure 26) was used during different ideation sessions 
(both within the design team but also in a workshop with 
other students) as a reference for the size and shape of the 
driver cabin. The model helped the team to 
understand the feeling of sitting in the cabin 
and test reach of different zones in the driver 
environment. Modules for the interior was 
built with cardboard and hot melt adhesive. 
Two regular chairs were used to represent the 
drivers seat and the passenger seat. Pedals 
and pillars were made of wood. 

3.6.8 Brain sketching
Brain sketching sessions were held to create 
a broad variation of ideas to some problem 
areas (figure 27). Brain sketching is a form 
of brainstorming but with focus on draw-
ing. The aim is to create a broad variety 
of ideas and criticism is banned, instead 
combinations and associating further on 
ideas is encouraged (van Boeijen et.al., 2014; 
Wikberg, et.al., 2015). Topics were picked 
randomly from the how might we-cards and 

the sketching were done in sessions of 15 minutes at a time. 
The sessions were held in the model lab at university where 
we also had the crap up model next to us. We could at any 
time sit in the crap up which helped imagine the size, reach of 
the driver and different views in the cabin. A clock was used 
to stick to the time and when the alarm went after 15 minutes 
a sum up was made. We presented our sketches for each other 
and discussed the different ideas, this lead to new ideas as we 
built further on some ideas and added details to some of the 
sketches. Like the first sketching session, we used soft blue 
pens to get the same look on all sketched ideas so they could 
be equally evaluated further on in the project. 

Figure 26 . Crap up prototype made of cardboard and wood.

Figure 27 . Sketching ideas on different topics. 
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3.6.9 Co-creation
About mid time in the project a meeting was held with the 
staff at KUVAB in Kiruna. This gave the opportunity to hold 
a co-creation session with some of the stakeholders in the 
projects. The idea with co-creation is to involve some of the 
people you are designing for in the process and let them be 
part of the ideation. This method is a good way to get feed-
back on early ideas and bring the stakeholders deeper into the 
process (IDEO org., 2015). The participants were the CEO 
of KUVAB, the foreman of the special vehicles production 
and a senior purchaser. 

We started the session with letting the participants look at 
all our sketches from the first sketching session and the brain 
drawing sessions. The sketches were put on a wall and the 
participants were encouraged to out post-it notes with com-
ments on ideas that they reacted to (figure 28). The purpose 
was to inspire them for the coming brainstorming session 
but also to get valuable feedback on our ideas this far in the 
project. Following we held three brainstorming sessions based 
on three questions that we had prepared;

•  What are the strengths of Kiruna Utility Vehicles   
 compared to competitors? 
•  How might we design the cabin in order to satisfy   
 both service mechanics at the smelters and assembly  
 staff in the production?
•  How might we create added value to the slag hauler  
 by providing optional add-ons?

All ideas during the brainstorming were written down on 
post-its and later documented. Comments or ideas that came 
up but were outside of the topic were put in a ‘parking zone’ 
to be saved for later. The co-creation session ended with a 
feedback-method called I wish I like. The point of this meth-
od is to let the participants’ give feedback in a positive way by 
commenting ideas that they think needs further development 
(I wish) and things that the find positive (I like). 

3.6.10 Workshop at university
A workshop with students and teachers at the university were 
held to get input from people with little or no insight in 
the project. This opens for ideas that are not limited by the 
restrictions of the the situation for the design. Such ideas can 
inspire and trigger solutions that would not be thought of by 
the design team. We decided to limit the workshop to one 
specific how might we question, to avoid being to abstract or 
complicated for the workshop participants. The topic for the 
brainstorm was; how might we design the passenger seat? 

The workshop was held at the university in the multi-studio, 
a big open room that enables flexible arrangement of chairs 
and tables. We set up the cardboard mockup in the middle 
of the room and arranged the tables in two groups, one on 
each side of the crap-up. Additionally, we put the style board 
and inspiration boards on the walls next to each group of 
tables. The participants were given a short introduction to the 
project whereon they were asked to generate ideas and sketch 
solutions to the how might we-question. The sketching was 
split into two sessions, where the participants got to present 
their ideas for the group after each session (figure 29). 

Figure 28. Co-creation in Kiruna with participants from KUVAB. 



METHOD AND IMPLEMENTATION | 29

Figure 29 . Workshop at the university, a participant explains his ideas and thoughts to the group. 

“A workshop with  
students and teachers  

at the university  
were held to get input  

from people with  
little or no insight  

 in the project.”
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“The development of the final concept started with  
exploring shapes and layout of the interior.”

3.7 IMPLEMENTATION
The final step of the design process was to develop a full 
concept for the new interior of the drivers’ cabin. Different 
versions of the interior were first drafted in CAD, whereon 
we decided on a final design that was produced in a full scale 
prototype built in steel. The workflow for this stage consisted 
of the micro process: design, refine and produce (figure 30). 

The stages were iterated as the design and the prototype 
developed into the final concept, meaning that parts of the 
design where still developing at the design stage while other 
were already produced in steel. All work in this process stage 
was done at the NMV workshop in Luleå. The development 
and build of the prototype was done in close cooperation with 
our supervisor at NMV, Hannes Wikström, and production 
employees at NMV. 

3.7.1 CAD modell ing
All Cad modelling have been done in Autodesk Inventor. 
The development of the final concept started with exploring 
shapes and layout of the interior. This was done by quick 
modelling of solid modules to explore shapes and different 
possibilities to form the whole interior. Two manikins 
called iMan and iMandy were used, these are based on 
the Military Handbook, Anthropometry of US. Military 
Personnel (1991). The physical dimensions of the manikins 
were compared to the 5th to 95th percentile from ISO 
3411:2007 and assessed to give a good representation of these 
measurements for a visual evaluation of the interior shape and 
size. The manikins were used to control that the chair could 
be rotated without collision to other objects, and to see that 
there was enough space for one additional passenger (figure 31). 

Vital objects such as the steering wheel, the drivers seat and 
pedals were placed in the CAD assembly to se that everything 
could fit.  The conceptual modules were showed continuously 
to our supervisor and we discussed if and how they could 
be produced. The modules were further developed until we 
had one final shape that we all liked and that were realistic to 
produce with existing techniques in NMVs metal workshop. 

3.7.2 Detail design
When the main design of the interior was chosen, the detail 
design started. This was done using the sheet metal plug-in 
for Autodesk Inventor. We had several meetings with our 
supervisor to discuss different alternatives for production of 
the modules that we had designed. The meetings took place 
in the conference room at NMV where we could project the 
CAD scene on a white board and discuss how we could form 
the sheet metal to create the design we wanted to achieve 
(figure 32). Different alternatives were sketched on top of  
the projected image until we had found a solution that we  
all agreed on.

The design was thereafter refined and drawings were made for 
all parts that we needed to produce. Most of the components, 
such as steering wheel, drivers chair, arm controls and safety 
equipment were ordered from suppliers since the final 
prototype was supposed to look realistic. NMV reasoned that 
all these components could be used in a future slag hauler and 
that the investment therefor was motivated. 

Figure 30. Workflow for the Ideation stage according to the three phases; arrange, explore and create.
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Figure 32. Discussion about production possibilities.

“The development of the final concept started with  
exploring shapes and layout of the interior.”

Figure 31. Manikins used to control minimum space envelope and reach of controls.
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3.7.3 Production
We had a close dialogue with the production workers when 
refining the shape of the modules and trying to find out what 
possibilities we had for working with the sheet metal (figure 
33). The production methods we had at our disposal in the 
workshop were laser cutting with CO2 laser, laser etching, 
bending and welding. Some features that we could not 
produce with these methods were manufactured with rapid 
prototyping using a Ultimaker2. 

During this last part of the project we shifted between 
sitting at the computer designing components and being in 
the workshop assembling our prototype, this stage of the 
project was a very iterative stage. An example of how details 
were refined during the production is when the body of the 
interior was already designed and built in metal while we still 
developed the placement of instrument using cardboard for 
prototyping the dashboard (figure 34). 

Drawings were sent to the production continuously  
and parts were produced as the protoype developed.  
We got help from welders at NMV to assemble the 
parts, and we also got to try welding ourselves. The  
build started with assembling the frame for the whole 
cabin, the prototype was thereafter gradually filled with 
our interior (figure 35). Many design decisions were 
taken along with the building process, as the prototype 
took shape. 

Figure 34. Design of dashboard in a late stage of the production.

Figure 33. Discussion with sheet metal bending operator.

“We had a close dialogue  
with the production workers when 
refining the shape of the modules 

and trying to find out what 
possibilities we had for working 

with the sheet metal”
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Figure 35. A collage of pictures from the production of the prototype.
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3.8 PROCESS AND METHOD  
DISCUSSION
The process of human centred design requires that the people 
that are affected by the product are involved in the process. 
Important stakeholders were defined early and their relation 
to the project were discussed thoroughly before the final 
stakeholder map was set. This human centred process has 
given a lot of insights, not only about different stakeholder 
needs, the stakeholders have also contributed to the final 
result of the project. A key for communicating with the 
stakeholders has been the use of visual material. Posters have 
been a tool throughout the whole process and proved to work 
well for communicating with stakeholders. Images seam to 
trigger reactions and by encouraging comments on post-it 
notes we obtained written feedback during our meetings with 
the company and supervisors. The human centred approach 
and involvement of stakeholders (both user and company) 
has assured that the final product is designed “for the mutual 
benefit of both user and manufacturer” as formulated by 
IDSA (n.d).

Most data in the inspiration stage was obtained by learning 
from the stakeholders, by meeting people, hear what they 
have to say and observe what they do. Like Abras et.al. 
(2004) says it is important to involve stakeholders in all 
stages of the process of user centred design. But instead of 
settling with only addressing users (in our case, drivers and 
mechanics) we chose to involve additional stakeholders (the 
company, managers of the drivers, external sellers, and laws 
and regulation) like suggested by ISO 9241-210:2010 in the 
definition of ‘human centred design’. 

The interviews gave a lot of answers about basic information 
that we needed to know initially, it also gave a hint about 
what the stakeholders thought of todays product. The 
advantage of unstructured interviews is the chance to ask 
additional questions and thereby get a conversation about the 
topic. The disadvantage on the other hand is that not much 
other than those questions are being answered. It is crucial 
to know what you want to know, and to ask the right things. 
Managers were present on all interviews with drivers, which 
probably affected the data. Especially in Finland, where the 
manager was the interpreter and translated all the answers 
from the driver and mechanics. What was advantageous with 
having the manager present on the other hand, was that the 
interview became an open conversation where we had chance 
to get input from more than one person. 

The complementation of observations along with the 
interviews gave a more complete image of the situation. 
The observations both revealed things that weren’t said in 
the interviews, and also gave time to discuss the work more 
naturally with the drivers. Video recording of the observations 
gave chances to realize details even after we returned from 
the visits, and had time to incubate our experiences. This 
was important to be able to compare insights from visits at 
different plants. It would have been impossible to remember 
every detail without the video material. 

What we could not learn from only talking to the 
stakeholders was laws and regulations regarding slag haulers. 
Information that is important in order ensure that the new 
design can get a future CE-marking. This information was 
obtained from international standards regarding ergonomics 
and safety for machines. An assumption had to be made: 

“The complementation of observations 
along with the inteviews gave a more 

complete image of the situation.“
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that standards for ergonomics in earth moving machinery, 
and safety guidelines from the European Council Directive 
2006/42/EC together with recommendations from Swedish 
Association of Mines and Metal producers (2015) are 
applicable for the slag hauler as a machine and off highway 
vehicle. Further guidance about safety concerns in a slag 
hauler specifically woul have been useful, and  might have 
improved the result further.

Stakeholders were not only involved in the inspiration 
stage, but also later on during ideation and implementation. 
Thoughts and ideas from both purchasers, producers and 
CEO of KUVAB were obtained through a co-creation session. 
By involving them, we got their contribution with experience 
and deep technical knowledge about the product. They 
are also more likely to accept and appreciate the end result 
when have been part of the design process. Manufacturers 
at KUVAB were also involved during the whole process 
of building the prototype, which contributed with input 
regarding the design.

A challenge with this kind of product is to think innovatively, it 
was hard to find inspiration from other slag hauler producers. 
The benchmarking of tractors and loaders gave a lot of insight 
in ‘state of practice’ in other kinds of modern mobile working 
places. There seems to be some kind of acceptance within the 
metal industry of using rough and outdated machines. Why 
would not a slag hauler driver deserve a nice and modern 
working place just like any other profession? Like Norman 
(2013) states, a product is much more likely to success on 
a global market if thinking of the activity rather than the 
action. The activity here could in a broad perspective be as 
simple as ‘working’. Not many other professions would accept 
such an uncomfortable workplace. By looking outside of the 

industry we have helped KUVAB to improve their product 
considerably in comparison to competitors. 

The build of the prototype was a big part of the 
implementation stage. With help from production workers 
the prototype was built step by step. We were part of the 
whole building process, from cutting the metal profiles to 
lining the interior and assembling the last screws. The close 
cooperation with production and involvement of different 
professionals such as welders, benders, electrician and painter 
etc. gave a lot of valuable experience for us as designers. 

The involvement of different professionals in the building 
process also meant that we got a lot of questions about the 
design, all with their respective area of interest in mind. Even 
though the design is not finalized in terms of production 
adaption, hydraulics, electricity and so on, that kind of input 
challenged our thinking and gave insights that improved the 
design. The challenge for us as designers, and leaders of the 
project, was to manage the building process and try to take 
into account the different aspects of the design within the 
time frame of the project. 

The extensive use of both methods out in the field like 
interviews and observations complemented by secondary 
research indicates that the data collection in this project is 
solid and covers many different aspects of the design. The 
fact that stakeholders have been continuously involved 
throughout the process indicates that our findings are both 
valid and reliable from a human centred design perspective. 

“A challenge with this kind of product is to 
think innovatively. It was hard to find  

inspiration from other slag hauler producers.”
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4.1 INSPIRATION
This section presents the results from the inspiration 
stage. The result includes descriptions of all the identified 
stakeholders and analyses of how their thoughts and 
opinions affect the project. Results from the interviews 
and observations are summarized in ’stakeholder profiles’. 
The stakeholder profiles are the most central end result of 
the ideation stage and they have been used throughout the 
two coming stages of the project. The inspiration stage also 
resulted in a problem analysis and a needs analysis. 

4.1.1 Stakeholder mapping
The stakeholders were clustered into three different areas, 
showing how they are related to the project in different ways 
(figure 36). The three areas are vision, design and practice. 

Each stakeholder and their relation to the project are also 
explained in an overview (figure 37). 

The stakeholders connected to vision are KUVAB and NMV, 
the producing and owning company. They have impact in the 
project because the result has to be in line with the company 
vision. The area of design concerns physical aspects of the 
product, how the cabin is going to be designed. Stakeholders 
that have impact and interest in the design are the drivers, 
purchasers, external sellers and service mechanics. The third 
area is defined as practice; this represent the factors that 
are of importance to produce the product in reality, as an 
example what manufacturing methods we could use and what 
regulations we had to follow. Stakeholders connected to this 
area are law & regulations, and the manufacturers at KUVAB 
as well as external manufacturers. 

# 4  R E S U LT S
This chapter presents the result of different stages in the project. The results are presented under each process 
stage; inspiration, ideation and implementation. An important part of the result from this project are visual posters 
that were made to summarize the findings. Some posters are shown in this chapter but the majority are found in the 
appendices section and will be referred to continuously under each chapter. 

Figure 36. Stakeholder map.
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Figure 37. All stakeholders with short explanations.
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Figure 39. Slag hauler driver.  

Figure 41. Manager.  

Figure 43. CEO of Nybergs Mekaniska Verkstad.  

4.1.2 Benchmarking 
Investigating state of practice in farming machines gave input 
and inspiration to the design of the interior in the SH60 
ASIO. We found that the cockpit of new tractors gave a 
homely feeling and that the interior felt almost like inside 
a car. The main upgrading in tractor cockpits over the last 
years are bigger windows (better sight), more space in the 
cabin, and improved comfort in terms of climate, vibration 
and noise reduction. One observation was that the interior in 
the newest tractors on the market looks similar to what was 
modern in the automotive industry about ten years ago. The 
main conclusion is that rounder shapes, soft lines and different 
materials is what makes the cabin look and feel appealing 
according to us. A visual difference from older tractors (e.g. 
model 2000) is that shapes now are curvier, and a technological 
improvement is the possibility to install monitors and touch 
screens. 

The visits to Lantmännen Machines, Norrmaskiner AB and 
GT Center are summarized in a short report (Appendix I) 
and in visual posters showing interesting details (Appendix J). 
The online benchmarking is summarised in styling boards 
(Appendix K).

4.1.3 Stakeholder profi les
The stakeholder profiles summarize the data retrieved from 
the interviews and the observations (Appendix L). They also 
present analyses based on the data. The portraits of each 
stakeholder with key quotes are shown below and to the right 
(figure 38-44). 

Figure 38. CEO of Kiruna Utility Vehicles. 
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Figure 39. Slag hauler driver.  Figure 40. Service mechanics.  

Figure 41. Manager.  Figure 42. Manufacturer.  

Figure 43. CEO of Nybergs Mekaniska Verkstad.  Figure 44. Laws and regulations.  
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4.1.4 Problem analysis
The problems that were identified during the observation and 
interviews are summarized in two problem analysis posters 
(figure 45 & 46). From the problems we also identified 
opportunities for improvement in the design (figure 47). 

Regarding the sound level of todays drivers cabin, the results 
of our sound measurements were as follows; the biggest values 
from the different sound measurements were  LAT = 70,3dB, 
LASmax=85,2dB, LCpk=112,8dB (Figure 44). 

The levels are below the maximum value of the Directive 
2002/49/EC of the European Parliament and of the Council, 
meaning sound dampening actions are not crucial for the 
driver environment. The drivers can work in the slag hauler 
without using ear protection. Anyhow, it is important to 
minimize the noise level as much as possible to further 
improve the comfort for the driver.

Figure 44. Result of sound level measurement.

“The drivers can work in the 
slag hauler without using ear 

protection. Anyhow, it is important 
to minimize the noise level as much 
as possible to further improve the 

comfort for the driver.”
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PROBLEM ANALYSIS
SOME OF THE BIGGEST PROBLEMS THAT WAS IDENTIFIED IN TODAYS SLAG HAULER CABIN

IN

CLIMATE
The drivers complain about cold 
temperatures in the winter and 
boiling hot in the summer. We 

have seen extra cab heaters in 
most slag haulers. Beeing blinded 

by the sun is also a problem.

EXTERNAL DEVICES
All smelter plants use different 
communication tools and extra 

devices. There is no space 
prepared for such equipment 
and cables are hanging loose.

REACH OF CONTROLS
The controls are placed in such way that 
the driver have to use both hands on one 

side of their body. They also need to reach 
for, and look at controls placed in the roof. 

ANALYSED DATA

COMMUNICATION TOOLS 
Many plants use cell phones or two way 

radio and the drivers have to let go 
with one hand to reach for the device. 
There are no good place to mount the 

communication devices.

Figure 45. Problem analysis poster 1(2).
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IN

NO ROOM FOR PASSENGER
The cabin is made for one driver and there 
is no seat for an extra passenger. When 
teaching a new driver, he/she needs to 

stand in the cabin or sit uncomfortably on 
the side panels in the cabin. 

DOCUMENTATION
No prepared space to store 
documentation. Holders were 
mounted afterwards, giving a 

messy impression. It is also stated 
in european standards that 

instruction manuals must be on 
board. None of the drivers we 
talked to had read the manual.

CHAIR ADJUSTMENT
The armrest hits the steering wheel 
when turning the chair. To turn the 

chair, a pedal has to be pressed with 
the foot. It is difficult to press the 
pedal when turning back to driving 

position. 

ANALYSED DATA

STORAGE
There are no place to store loose items. 
We notices that things are spread around 

in the cabin. Things such as helmets, 
jackets, cell phones, tools, paper for 

cleaning the windows and documents are 
just some examples of items that we saw 

in the cabin.

Figure 46. Problem analysis poster 2(2).
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Figure 47. Design opportunities. 
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Design that is producible with todays 
manufacturing situation
Good documentation about design 
choices that we have made
Good documentation for future 
implementation (CAD and drawings)

MANUFACTURER NEEDS

NEEDS ANALYSIS
Requirements that were identified from the different stakeholders

DRIVERS NEEDS

Sit comfortably in both driving directions
Reach all instruments 
Communicate with production
Have good vision
Know the status of the machine
Store equipment
Control the inner climate
Control the slag dumping procedure
Immediately stop the machine in case of 
emergency
Easy escape from the cabin in case of 
emergency
Fight fire
Warn others in case of emergency
Draw attention when transporting hot slag
Feel safe
Feel in control
Feel independent
Feel satisfied with work 

Possibility to offer customization and 
additional options for the customer
Knowledge about customer needs (buyers)
Good customer relations

EXTERNAL SELLERS NEEDS

Minimize accidents with employees 
involved
A slag hauler that is appreciated by the 
drivers
Affordable product in relation to quality
Functional machine with minimum need of 
unexpected maintenance
Possibility to educate new drivers
Provide good conditions in terms of, 
sound, vibration, safety  and ergonomics.
Adjust the machine to the specific 
requirements for the production 
(customization)
A slag hauler that fit all different drivers 

MANAGER NEEDS

An upgraded attractive product that stand 
out from competition 
A profitable product
A new design that is producible with 
todays manufacturing techniques
A high quality product that meet customer 
expectations
Possibilities for additional business 
opportunities

KUVAB & NMV NEEDS

Easy maintenance of components
Good documentation of spare 
components
Quick delivery of spare components
Ergonomic access of service points
Sufficient information about machine status 
and need for service
Possibility to install extra devices in a 
practical way

SERVICE MECHANICS NEEDS

The product needs to follow applicable 
laws to be sold on a global market

LAWS AND REGULATIONS

4.1.5 Need analysis
The needs analysis states different stakeholders need and 
expectations from this project (figure 48). It is a supplement 
to the stakeholder profiles, and focuses only on the 
stakeholders’ different needs. It primarily addresses what 
stakeholders expect of the new design, but also what they 

expect as a result from this project. The manufacturers as 
an example needs good documentation of our findings and 
design decisions in order to implement the new drivers cabin 
and launch it on the market. The drivers on the other hand 
are not interested in how the new cabin is produced, they just 
request a better performing product.

Figure 48. Needs analysis.
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Figure 49. Mapping of different information systems into one central information system (CIS).

4.2 IDEATION
This section presents the results from the ideation stage. The 
first step and a big part of the ideation stage was to organize 
the data from the inspiration stage. Especially to structure 
the information regarding all components in the cabin. The 
cabin was divided into different ’zones’ and mapping of all 
components were made to get an overview of the situation. 
The findings and conclusions can be seen below. 

4.2.1 Information system
Our first wish was to combine all information into this 
system, but after some research and thought we concluded 
that some information was better to be presented in separate 
systems (figure 49 ). The grey area shows what information 
that we concluded was best to implement in a central 
information system (CIS). 

Things that are easy to implement in the CIS are; engine 
information, pot handling indications, driving indications, 
hydraulic indications and warnings. The engine information 
is already implemented in a digital system in one of KUVAB’s 
trucks in Rönnskär. Pot handling indications are today 
showed with light indications in connection to the slag 
handling panel. This could instead be implemented in the 
CIS on a screen and become a better interface. The driving 
indications, typically information that is shown in a car 
dashboard, could be implemented in the system. 

The customers’ slag order system may vary a lot between 
customers, and even if it is implementable in the CIS 
it would probably be too expensive and complicated to 
customize the CIS for every customer individually. Moreover, 
this system is often installed after the truck is delivered. Gate 
openers are another control that all smelters use, but these 

are also different from customer to customer. It would mean 
modification of the CIS every time KUVAB sell a new truck 
or when the customer might change type of gate opener 
system. Therefore, it would not be beneficial to implement in 
the CIS. Cameras and associated displays are also something 
that will be more expensive to integrate in the CIS rather than 
buying a separate set ready to install. These type of things are 
often ready for simply ’plug and play’, which makes it easier 
and cheaper for the customer to choose a system they like. 
Or to offer a set camera system for the customer, but not 
implement it into the CIS.

The communication radio is something that is individually 
installed after the truck is delivered and vary in models and 
brand depending on other communication equipment on 
each specific plant, therefore it should be kept separately. 
Music is also something that could possibly be implemented 
in a CIS, but the cost of integrating it to the system would 
probably be high. It might be better to offer the customer a 
stereo but keep it separate, in this way it is easy to change or 
upgrade the stereo when demands change. All stereos on the 
market stick to a standards measurement (DIN standard) and 
therefore it is easy to change stereo whenever the customer 
wishes. The stereo and the communication radio though, 
can be integrated in a way so that the music is turning down 
when having a conversation in the radio. This is something 
we suggest to implement, because it helps the driver focus on 
the working task while still being able to communicate in the 
radio through a microphone and the speakers. 

A weighting system for the slag handling is something we 
suggest to offer the customers as optional. This system is 
relatively advanced and expensive; it is mainly used by 
customers who are transporting consultants at a plant. 
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4.2.2 Components
The result of the component mapping is presented in this 
section. The components are mapped to the different zones of 
the cabin (figure 50).

ZONE 1 
This zone includes the components connected to driving 
forward. These components are the steering wheel, foot pedals 
and control units connected to driving forward such as lights, 
windshield vipers and adjustments of mirrors.

ZONE 2
This zone is in the middle of the cabin where the drivers seat 
is located. The chair is mounted on a turning plate so that 
the chair can be in both front and rear position. The armrests 
of the drivers’ seat are equipped with all controls needed for 
driving and working in the rear position. The right armrest 
has a control for the slag handling and the left armrest has a 
control for steering in rear position. We found from the inter-
views that many the drivers prefer joystick handling. 

ZONE 3 
This zone is the right A-pillar. A glass hammer for break-
ing the glass is located here to be visible when entering the 
cabin. In this way the driver will recognize the hammer and 
understand that the windows are an alternative escape route. 
Other components placed on the pillar are a gate opener, and 
a display for the the central information system (CIS). The 
screen is mounted on an adjustable arm so it can be placed in 
the field of vision for the driver. This screen can show basic 
dashboard information such as speed, engine speed, fuel 
level etcetera in the start mode. From there the driver can 
choose to see more information available in the CIS. It is also 
possible to mount a holder for cell phones on this pillar if 
desirable. 

ZONE 4
This zone is the side panel next to the driver, it has fea-
tures for communication, entertainment, and basic vehicle 
controls. The controls in this zone are ignition, buttons for 
overriding the steering system and turn of the hydraulics, and 
emergency stop button. There are also a panel for controlling 
the climate, a stereo and a communication radio. This area 
is reachable in both driving directions but is not in the best 
zone of comfort for the driver. For this reason, we have only 
placed seldom used panels here. The area also has outputs for 
power and USB ports. 

ZONE 4 
This zone is dedicated for customer needs of order systems 
and is also possible to utilise for other information screens or 
equipment. The zone also has an emergency button for easy 
access when sitting in rear position. 
 
ZONE 5 
This is the zone in front of the driver when sitting in rear 
position. This area contains a display for the CIS showing slag 
pot handling information in the start view. The area can also 
hold displays for camera monitors. 

ZONE 6 
This zone is in the corner of the cabin, this area has space for 
storage and seat for a passenger. The storage cabinet can also 
be used or rebuilt to a refrigerator if the customer wants. The 
area has other kinds of storage such as a net and a hook for 
clothes. 
 
ZONE 7 
This zone is the left A-pillar. Here we have placed most 
features for safety and emergency situations, this zone is 
highly visible for the driver, meaning that the equipment is 
easy to locate in case of emergency. It is also close to the door 
for quick access if coming from the outside or escaping the 
cabin. The safety equipment here is a fire blanket, a panel for 
the central fore system, an emergency LED light and a fire 
extinguisher.

4.2.3 Early sketching
The early sketching generated random ideas with no given 
topic (figure 51). This was the first session where ideas were 
visualised on a piece of paper. 

4.2.4 Brain sketching
The result of the brain sketching can be seen on the next 
spread (figure 52). These sketches together with the first 
sketches were brought to Kiruna and the meeting with 
KUVAB. The sketches were basis for discussion and generated 
comments and new ideas during the meeting. 

Figure 50. Seven zones  of the cabin for mapping of components.
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Figure 51. A selection of the first ideas from the early sketching session. 
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Figure 52. Skecthes and ideas from the brain sketching sessions. 
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4.2.5 Co-creation
The result from the co-creation session with CEO, the 
foreman of special vehicles and the senior purchaser of 
KUVAB can be seen below. The participants also got 
to comment ideas and sketches that we had done so 
far (figure 53). The result from the I-wish I-like session 
can also be seen below. The answers to the questions are 
direct translations of what was written on post-it notes 
in Swedish.

1. What are the strengths of KUVAB compared  
 to competition?
• The customer can feel safe choosing KUVAB 
• We are good at safety
• We have a broad competence (mechanic design,  

hydraulics, production and workshop/maintenance)
• We work with customization and listen to the  

customer wishes
• “All other slag haulers have been in fire”, no  

KUVAB haluer has burned
• Our haulers make their way through on most  grounds
• Everything is built and constructed “in-house”
• Modularity, the haulers are based on three modules,  

rear wagon, front wagon and drivers cabin
• You get answers in time
• We use modern tools (digital) and are up-to-date with  

drawings and documentation
• We have a good spare parts handling
• We have a slicker truck than the competitors
• We are available

2. How can we design the interior to facilitate for both  
 assembly/production personnel and service mechanics?
• Think modular
• Ensure that the design is adapted for production
• Make sure that the design is up to date, and easy to 

adjust to new demands. Remove unnecessary features if 
not used.

• Everything should be easy accessible for maintenance,  
either from the inside of the cabin or through a service  
hatch. The only thing that has to be mounted under the  
cabin is the steering system.

• Try to standardize the design, “all holes fit-thinking”
• Simple interface for electronics and hydraulics when the  

cabin has to be tilted. Everything at one point for simple  
plugging/un-plugging.

• Digital maintenance schedule. Automated system for ser-
vice like in a car, code for mechanics to reset after service.  
The drivers should not be able to turn off the service lamp.

• Up-to-date documentation

3. What features would be possible to sell as extra choices,  
 something that the customer pay extra to get? 
• Weighting system for the slag pot
• Extra storage on the outside for special demands
• Diesel heater (not necessary in warm countries)
• The chair, different levels of exclusiveness. But important  

that the most basic choice still is a good and Ergonomic chair
• Cameras

• Central lubrication
• Stereo
• Extra lights on outside
• Microwave
• Coffee machine
• Refrigerator
• Extra holders for tools
• Extra outputs, a basic range in all haulers, but possibility  

to chose extra USB, AC, HDMI, AUX etc.

Comments that we parked, outside of the given themes:
• Electrical steering of the chair turning plate
• Interior lights go on when the doors open, like in a car. 

Notes from the I wish/I like:
I wish: 
• That you look more at sun protection and blinds. Look 

at other vehicles and see what they use.
• Consider the color choices for the interior
• Integrate the flashing light in the FOPS roof
• Design a sleek side board
• A small and functional vacuum cleaner
I like:
• The idea with giving the customer optional choices and  

the possibility to sell extras
• Power outputs and USB etc.
• Locking of the drivers chair In three positions, front, side  

and back
• More cameras in different views
• We like black
• Modules of bigger parts
• Safety details close to the driver (in sight and reach)
• Storage for documents and instructions
• Drink/cup holder
• Storage net
• Storage of clothes and helmet
• Storage of tools
• Insulation in the floor, thick rubber mat

Figure 53. Participants study the ideas and sketches during the Co-creation. 
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4.2.6 Workshop at university
The workshop at the university gave insight in the importance 
of how the opening of the storage is designed. If the passen-
ger seat has a foldable lid on top, the compartment might be 
over filled and the lid wont shut or the lid cannot be opened 
because of the things put on top of it. The conclusion from 
the workshop was therefore that the opening should be on the 
side of the cabinet. 

The passenger seat area should also offer the passenger a handle 
to hold on to besides the door handle.

If hanging jackets on a hook on the back pillar, there should 
be some function for holding the bottom of the jacket in 
place so that it wont bounce around. Some sketches from the 
workshop can be seen below (figure 54). 

Figure 54. Some of the sketches from the workshop. 
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4.3 IMPLEMENTATION
The implementation stage focused on creating a design for 
the new cabin and building a prototype of it. This was done 
in three steps; design, refine and production. The results from 
these steps can be followed in this coming section. 

4.3.1 CAD-modeling
During the CAD-modeling we generated the first concepts in 
form of solids to shape the interior (figure 55). Starting with 
only straight lines and hard shapes, we soon realized that the 
design looked kind of boring and outdated. 

We felt constrained by the sheet metal and unsure of what 
possibilities we had to create rounder shapes. After some 
experimenting we realized that if we could create curved 
corners instead of sharp edges we got smoother transitions 
and a slicker design. We went down to the workshop and 
asked the production workers if it was possible to bend the 
metal into a bigger radius. 

They gave us a sample (figure 56) of how a facet bended metal 
plate would look like. Realizing that we could shape the metal 
this way was sort of a ‘brake through’ for us and we changed 

the design from straight corners to smooth radius transitions. 
This decision also gave us some challenges to face in the detail 
design and production of the prototype. 

Figure 55. Different concepts from the early CAD modelling with manikins. 

Figure 56. Sample of facet bended metal with big radius. 
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4.3.2 Detail design
After discussions with our supervisors we managed to solve 
most of the design with bended sheet metal. Some small 
corners remained, that we could not figure how to produce 
with metal and the tools available at the NMV workshop 
(figure 57). After some thinking we found that the best way 
to build the corners would be with rapid prototyping. This 
is of course not a solution for the real product but works fine 

in the prototype to show what this kind of shape would look 
like. It is possible to create this shape with metal, but the 
methods and time we had available made us take the decision 
to produce the details in plastic for the prototype. 

All drawings from the detail design will be handed over to 
KUVAB in digital format and is not attached to this report. 
An example of how the drawing looks like can be seen below 
(figure 58).

Figure 58. Example of a drawing that we sent to production.  

Figure 57. The corners that we could not produce in sheet metal at NMV are highlighted in the CAD model. 
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5.1 FINAL RESULT INTERIOR DESIGN
The design of the interior has been done with consideration 
of modularity. The interior is divided into different modules 
(figure 59) for easy access of components, giving room for 
changes over time and customization. The side panels are 
separate parts (figure 60), making it easy to customize them 
for the exact customer needs. If something is updated or 
changed, the top plate can be redesigned with holes that fit 
the new devices, avoiding modification of the main interior. 

A normal run time for a slag hauler is around 30 years, 
customer demands regarding the interior will likely change 
over this period. Thinking in modules enables KUVAB to 
offer the customer updated interior modules, changing the 
interior over time. It is also possible to offer a completely new 
drivers cabin to existing customers. To get a perspective of the 
over all design change that this project has resulted in follows 
a comparison of todays drivers cabin and the new interior 
design (figure 61, 62, 63 & 64) on next page spread.

The old cabin can be seen to the left and the new cabin to 
the right. The new cabin has improved vision with a large 
front window. Darker colours for the interior creates a more 
modern look, while at the same time beeing practical and 
durable. The old cabin has the same yellow colour on the 
inside as the outside.  The new spacious design creates a better 
comfort for the driver with plenty of room to put loose stuff. 
The interior is well-planned with different storage features 
such as a cabinet under the passenger seat, a rear shelf with 
document holder and two storage boxes in the front. Another 
example is the rubber coated shelf with USB outputs next 
to the driver on the right side panel, perfect for charging the 
phone. A hook for jacket and a flexible net for gloves or  
other small things are placed in the rear right corner close  
to the door. 

All controls for steering and working in rear position have 
been moved to the armrests of the chair. A yellow decorative 
line accentuates the shape of the interior, picking up the 
colour from the vechicle.  

# 5  F I N A L  D E S I G N
The final result of this project is a new design for the driver environment in SH60 ASIO and a full scale prototype 
of the concept. The driver environment and interior have been designed with main focus in three areas; 
ergonomics, safety and user experience. This section will describe the final design in accordance with those 
three focus areas. 

“A normal run time for a slag 
hauler is around 30 years, 

customer demands regarding 
the interior will likely change 

over this period.”
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Figure 60. Removable side panels. 

Figure 59. The interior is divided into modules for easier service and customization. 
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Figure 62. Front view of the old cabin. 

Figure 61. Front view of the new cabin. 
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Figure 63. Rear view of the new cabin. 

Figure 64. Rear view of the old cabin. 
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5.1.2 Ergonomics
An overview of the ergonomic features can be seen above 
(figure 65). The new drivers’ environment is designed to fit a 
wide range of users all over the world. Interior components 
are adjustable to fit most users (5th to 95th percentile, ISO 
3411:2007) and provide an ergonomic working environment 
for different sized drivers. The new drivers cabin is spacious 
and gives a lot of room for the driver plus an additional  
passenger without compromising with comfort and reach  
of controls. The space around the driver exceeds the  
recommendations of minimum interior space envelope  
in ISO 3411:2007.

Control units for the slag handling process have been moved 
from a separate panel on the side to a unit placed on the right 
armrest of the drivers’ seat. In this way we ensure that controls 
are within good reach and zone of comfort for all drivers (ISO 
6682:2008). An adjustable steering wheel is placed in the 
front zone for driving forwards. The left armrest is equipped 
with a steering device for joystick steering and gear selection. 
This is primarily designed for steering in rear position when 
working with the slag pot, but it is also possible to use the 
joystick steering when in front position. 

A dashboard is placed on the right side of the drivers’ cabin. 
This area is reachable from both operator directions and 
contains control units such as stereo, com radio, climate 
panel, ignition, and override buttons for the hydraulic system. 
The dashboard is removable with screws for easy access to 
electrical components and maintenance, providing ergo-

nomic working conditions for service mechanics. A second 
removable panel is located behind the side panel; this area is 
dedicated for customer specific needs such as extra cameras 
or order handling systems. Thanks to the modularity of the 
panels, it is easy to change the set up of devices by switching 
the panel plate. 

To enhance the cognitive ergonomics for the driver it is 
important to provide a good overview of needed information. 
Information about slag handling process, and cameras show-
ing the slag pot as well as rear sides of the vehicle are placed 
in front of the operator when in rear position. A display for 
order handling and weighting system is to be placed on the 
side rear panel. The display on the right A-pillar will show basic 
driving information such a speed and engine information. 
The driver can also view more specific information about the 
machine via menus in the display. Warnings will appear on 
the display if something deviate from the normal.

The big windows of the cabin provide good visibility for the 
driver. To improve the vision further, cameras are suggested  
to be mounted as a complement. Air exhaust channels have 
been placed along the windows all around the drivers’ cabin. 
These will help keep the windows clear from frost and ice  
during cold periods. The leaning angle of the front glass will 
also circulate the air into the cabin. Additional air vents have  
been placed near to the feet of the driver and the passenger. 

Figure 65. Ergonomic features of the new interior. 
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5.1.3 Safety
The main safety features are shown above (figure 66). Safety 
equipment have been placed with thought of functionality 
and high visibility for the operator. Fire is one of the biggest 
safety concerns for the slag hauler, so focus has been put 
on equipment for fire fighting. A fire blanket and a fire 
extinguisher are placed right inside of the door to be easily 
accessible and visible for the driver. Both items are easy to 
grab and bring in case the driver has to escape the cabin 
because of fire. A central fire fighting system should be 
mounted on the vehicle, the system will go off automatically 
in case of fire. A panel for this system is placed on the left 
A-pillar, highly visible for the driver. The panel has a test 
button that should be controlled before every shift starts. 

Below the fire panel on the same A-pillar, an emergency flash-
light is located to help the driver in case the normal system 
fails and the driver needs to leave the vehicle in darkness. On 
the opposite A-pillar, on the right side, a gas detector can be 
found. Under the gas detector a glass hammer is mounted. 
The hammer helps the driver to break the side window and 
escape through this side of the vehicle if the other side should 
be blocked by fire or other hazards. There are steps on the side 
of the vehicle outside this window helping the driver to climb 
down from the platform. 

Two two emergency stop buttons are placed on the side panels, 
one in each working zone. Cameras help the driver see the 
areas around the vehicle and increase the safety for both the 
driver and other workers that might be close to the slag hauler.

Figure 66.Safety features of the new interior. 
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5.1.4 User experience
The new drivers’ environment has been designed to enhance 
the experience for the user and provide a nice working en-
vironment. Features designed with extra thought of the user 
experience are presented above (figure 67).

An extra seat is placed in the cabin to provide a comfort-
able seat for an additional passenger. The seat is designed for 
bringing new operators during the training period. The driv-
ers are working alone most of the time, and the passenger seat 
is also a storage cabinet for extra things that the drivers bring 
in the vehicle. The cabinet is opened with a door on the side 
so that the driver can put things on top of the surface without 
having trouble opening the storage. If desired, this area can be 
changed for a refrigerator, still providing space for a passenger 
seat on top. Other storage features in the cabin are; a flexible 
net between two pillars over the passenger seta, and a hook 
for hanging a jacket. Two boxes are put in the front of the 
cabin, these have room for tools and other loose items that 
the workers might want to bring. The boxes can be removed  
if the driver wishes extra space for the feet instead. 

The front area and the rear ‘shelf ’ are covered in rubber. The 
rubber provides high friction so that small items can be put 
on top of the surfaces without sliding around. The matte 
structure of the surface also prevents reflections from the large 
windows. Two cup holders are mounted next to driver, this 
simple feature enhances the quality for the worker, especially 
during hot periods, being able to bring and reach water or 
soft drinks during the working shift.  

Cell phones are today a necessity and something most people 
bring everywhere. A rubber coated shelf in the side panel 
gives room for putting the cell phone away while working. 
Outputs for USB, and power enables the driver to connect  
or charge the phone during a shift.   

To improve the working situation for service mechanics, 
the side panels are removable so that electronic components 
underneath can be reached. A service hatch for electrical fuses 
is placed on the wall under the side panel. To keep the cabin 
clean and tidy, a small vacuum cleaner has been mounted 
under the side panel, which is rechargeable by 12V.

Colours and materials for the drivers’ environment have 
been chosen with respect to functionality and experience. 
The modules are matte black to minimize reflections, they 
are easy to clean and durable. The walls are lined in a lighter 
grey fabric to brighten/soften up some parts of the interior, 
still being practical and not showing to much of the dirt and 
dust that will be brought into the cabin. The fabric is resistant 
and easy to clean; it is not sensitive to scratches like synthetic 
leather or vinyl. Lining the walls improves the insulation to 
sound and cold, additionally it improves the experience of 
the cabin. The side panel is made of brushed steel to give 
contrast to the otherwise black interior, the lighter colour 
also enhances the visibility of the instruments in the panel. 
Brushed steel is durable and will withstand a tough everyday 
use. A yellow decorative line runs around the edge of the 
interior, highlighting the shape. The yellow line connects the 
interior to the rest of the machine by picking up the colour of 
the vehicle.

Figure 67. features of the interior for improved user experience. 
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5.5 THE PROTOTYPE
The prototype enables testing and demonstration of different 
features of the new driver cabin. This is means that KUVAB 
can test end evaluate the design and layout with stakeholders 
such as drivers, mechanics and their own designers. A physical 
prototype enables anyone to understand the design and it 
is easy to get feedback from customers by inviting them 
to see the model. The prototype can also serve as selling 
material to future customers. The result and the prototype 
were appriciated by the company and Kenth Mukka CEO of 
KUVAB stated; “The result is above expectations, it will be a 
product, and in 2017 so customers will get a cabin with this 
appearance.”

Hannes Wikström, designer at NMV, commented the 
advantage of producing a realistic prototype; “I think it’s so 
good to do it, you learn so much about why things look the way 
it does, it normally depends on how it is manufactured. They 
get an understanding of how to design for manufacturing.“ 

In this section follow some pictures of the prototype (figure 
68-79) . The large windows provide a wide field of vision for 
the driver without intrerferrence of the A-pillars. The new 
design also has room for an extra passenger, who can easily 
watch the work procedures both in front and rear position. 
The area under the side panel is equipped with a mini vacuum 
cleaner that runs on 12V. There is also outputs for both 
12&24V as well as 240V. A hatch covers electrical fuses for 
easy access from the inside.Ambient lighting under the side 
and back panel provides an internal lighting when working 
during night shift.

The new driver environment is designed to fit most users 
with different anthropometrics, seat and steering wheel are 
adjustable so any driver can sit comfortably. The front storage 
boxes provide space for extra equipment such as tools or 
anything the drivers might want to bring. A simple thing such 
as drink holders enhance the comfort for the driver letting 
them bring water or soft drings during a shift. 

Figure 68. Large windows provide good vision and a spacious feeling.

Figure 70. The passenger can also follow the slag handeling process.Figure 69. The design has room for an extra passenger.
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Figure 71. Presentation of prototype at NMV. 

Figure 72. A shelf in the rear with built in storage and a handle for the passenger. 

Figure 74. The dashboard in the right side panel, removable with screws. Figure 75. Passenger seat with storage and safety equipment.

Figure 73. Drink  holders.

“The result is above 
expectations,  

it will be a product, 
and in 2017, so 

customers will get 
a cabin with this 

appearance.”
(Kenth Mukka, CEO of KUVAB)
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Figure 76. Vacuum and power outputs in the back under the side panel. Figure 78. Storage boxes in the front. 

Figure 79. Night mode in the cabin. An ambient light illuminates the cabin when working in darkness. 

Figure 77. The design fit most users thanks to adjustability. 
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5.6 EXTERIOR 
It was concluded that the curved glass from the first exterior 
concept would be too expensive to implement. In addition 
to the change of the glass, the pillars had to be modified. The 
leaning pillars makes it hard to design the door mechanism, 
the exterior design was therefore changed from leaning curved 
pillars to straight vertical pillars (figure 80). 

With flat windows, the truck looks a little more square, but 
it was concluded that it does not effect the overall value too 
much (Appendix M ). The main functions of easy and safe 
access to the cabin, good visibility and possibility of having a 
passenger in the truck are still maintained. The flat windows 
are easier changed by the customers’ local dealer of glass if a 
window is cracked. The front window will be laminated to 
withstand stone chipping. The side window on the opposite 
side of the entrance will be made in hardened glass, making 
it possible to grab a gall hammer and quickly smash the 
window. It was found from the interviews that many drivers 
did not know about the function of pulling a rubber strip to 
remove the window. Therefore, it is safer to use hardened glass 
and a hammer for emergency situations.

The cabin is placed on the front of the platform, this maxi-
mizes the field of vision for the driver and also creates extra 
space behind the cabin. This space can be utilized for placing 
bulky devices, like the air conditioning unit or electrical units 
that does not fit in the cabin. The area is accessible from the 
side of the truck by climbing the steps that are already part 
of the design. On the same side of the cabin we have placed 
a service hatch, which gives access to the inside of the cabin 
and possibility to do maintenance work from the outside. 
The steps that were previously used for climbing up to the 

platform can now be used for maintenance and access to 
service points (figure 81), which is good from a practical and 
economic perspective. 

The new design compared to todays slag hauler can be seen in 
pictures on next page (figure 82 & 83) where the prototype 
is lifted to show a realistic angle of the cabin seen from the 
ground. The new cabin will enhance the look on the whole 
vehicle, by moving external devices to the back of the cabin 
the truck gets a cleaner look. 

Figure 80. The new cabin design with straight vertical pillars.

Figure 81. The stairs on the side can be used for reaching the service hatch.
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Figure 82. The final prototype of the new design, lifted with a loader to show the right perspective to compare with the old cabin below.

Figure 83. Existing slag hauler design, this is the latest produced slag hauler that was built during 2015 and delivered to Raahe, Finland.
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5.1 RESULT
The result is a design based on the needs and preferences of 
the stakeholders. The work in the project show the benefits 
of combining the fields of industrial design and mechanical 
engineering as argued by Smets and Overbeeke (1994). As 
designers we have been the bridge between the company, 
with deep technological and mechanical knowledge, and their 
users. One of the employees said something close to; ‘We 
knew that we needed to update the trucks, and we replaced 
the engines to start with. But then we realized that we needed 
to do something about the driver cabin. It looks like an old 
metal phone booth’. 

The companies Kiruna Utility Vehicles and NMV have lots 
of competence in mechanical engineering, hydraulics and 
other important fields of their product, but they have less 
knowledge about user needs and design thinking. Involving 
us as industrial design engineers in the process has helped 
KUVAB reach a result based on the needs of the users and 
improving some of the real problems with todays driver 
environment. Our competence within both mechanics and 
design thinking have been key to be able to communicate 
with different stakeholders 
and combine different fields 
of research for understanding 
the context as Buchanan 
(2001) emphasizes.

The critical step of design 
work is to understand the 
real problem before even 
starting the design of a 
new concept (Cain, 1998; 
Glomann, 2015; Norman, 
2013). The company came to us with a request of a new and 
better looking product, addressing the ‘outdated look’ of 
the old cabin. They were asking for a more modern driver 
environment to show their customers. The result does not 
only have a modern look, more importantly; it is designed 
with stakeholders in mind. But above all, ergonomics and 
usability has been applied. Even if we knew very little about 
slag haulers in the beginning of the process, the project shows 
that it is possible to achieve a good result as industrial design 
engineers if using a design process adapted for the specific 
situation with well though methods. As exploring the context 
was a big part of the project, we ensured to find the “real 
problems” and made design decisions based on that exploring.

Like Friedman (2000) states; even if the design process 
may seem chaotic, this project includes well thought 
methodologies that are adapted to the situation to ensure the 
best result. And by understanding the theory behind methods 

and processes, we as designers, can adapt the methods and 
even tweak them to an extent so that they differ completely 
from the original. Some of our methods has grown to become 
completely new methods that we therefore named ourselves.

5.2 CONTRIBUTION
By designing a more ergonomic work environment, both 
physically and cognitively, this project will contribute 
to a better work situation for the users, both drivers and 
mechanics. Improving the physical ergonomics will likely 
result in reduced level of injuries and sick leave (Silverstein 
and Clark, 2004). By implementing ergonomics into the 
cabin design, our design will likely increase organizational 
performance and health of the workers in a long term 
perspective (Demirel & Duffy, 2013). This is something 
that not only benefits the users, but also in a broader sense 
contributes to society with potentially reduced costs for health 
care and rehabilitation. 

As research shows (Bohgard et. al. 2011; Larson et.al., 2007; 
Ichinowski et.al., 1997); improved work conditions for 
employees also increases work performance and productivity. 

A better driver environment is not 
only a selling argument because it 
looks better, it can also be argued 
to actually contribute to better 
economical pay-off in the long 
run. We heard stories of trucks 
that were not used because the 
drivers did not like them, this is 
evidence for the powerful influence 
of drivers opinions. Having trucks 
standing still, out of production 

is not sustainable from neither an economical nor an 
environmental perspective. 

A more attractive work environment in the slag hauler 
could potentially enhance the status of the profession of 
driving slag haulers. A design that is adjusted to all kinds 
of users could also contribute to a better gender equality 
within the profession. We met several female drivers but 
they were minority and the cabins were not adapted to their 
anthropometrics. Improved driver environment could raise 
the demands among employees in other areas. As mentioned 
earlier there seems to be an acceptance of working in a rough 
and dirty environment within the metal industry. By natural 
reasons it is not possible to avoid dirt and dust completely 
and pretending it is not process industry. Much can be 
changed to the better in terms of organization of items, 
possibilities to clean the cabin, and functionality and comfort 
for both driver and mechanics. In the high-tech world of 
today, and with Swedish tradition of good design and high 

# 6  D I S C U S S I O N
This chapter will discuss the result in relation to the theory. We will also discuss the contribution of this project 
towards users, society, KUVAB and the field of industrial design engineering. Finally, some recommendations 
and suggestions are given regarding continued work after this thesis.

“Involving us as industrial  
design engineers in the process  

has helped KUVAB reach  
a result based on  

the needs of the users...“



DISCUSSION | 73

quality, it is time to provide a modern and attractive vehicle 
for the metal producing industry. 

Cain (1998) talks about experience based design; the purpose 
of understanding the company’s emotions and attitudes 
towards the product and relating it to the users’ experience 
of it. The contribution of design is broader than just the 
physical embodiment of the product. Behind the product 
in our result lies a solid work of understanding the users. By 
the stakeholder profiles we provide KUVAB with knowledge 
about their customers, bringing the company closer to 
the users. Important knowledge for the company lies in 
the source of their customers and users. If they manage to 
obtain knowledge, opinions and first hand experiences from 
the users, they have the possibility to develop a successful 
product. Our work has hopefully helped KUVAB to learn 
from their customers. 

In the perspective of industrial design engineering, this 
work has proven that design methods can advantageously 
be applied in a conservative industry with little experience 
of such methods. Managing a design process requires good 
understanding of both methodology, objectives and the 
context in which the process takes place. It also requires 
that the methodology is adapted to the context to ensure a 
good result and these are skills that the designer constantly 
develops. The people involved in the process are part of the 
learning, by cooperating across fields we show that design 
thinking has positive impact on on peoples’ attitudes. One 
person from the company did not first understand why the 
cabin needed to be redesigned, and thought that it would be 
sufficient to use the ‘stretch-tool’ in CAD to create a larger 
cabin. After the co-creation session, this attitude was changed 
and the person was enthusiastic towards improving the design 
in more sophisticated ways. Drivers and mechanics at the 
steel plants were also positive to the redesign of the slag hauler 
and appreciated that we took time to ask them about their 
working situation. As one driver said “driving the slag hauler is 
my life”, this person had worked 30 years with transporting slag.  

The work in this project has shown that prototyping 
methods like rapid prototyping and cardboard modelling 
advantageously can be mixed with production methods 
for metalworking. The purpose of the prototype is to show 
both company (KUVAB) and their customers what a new 
slag hauler cabin could look like. The result proved to be 
an effective tool for communicating ideas like Horton & 
Radcliffe (1995) empathizes. The physical model helps 
any observer understand the design, without requiring 
technological skills or ability to interpret an engineering 
drawing.

Furthermore, we have used visual presentation as a tool for 
communication among people from different background 
with diverse perspectives. The use of posters has been effective 
to show results as recommended by Wikberg et.al. (2015). 

5.3 FURTHER DEVELOPMENT
The next step for the company is adjust and refine the design 
of the cabin to adapt it to production. Some technical 

challenges lie in solving details such as the door mechanism, 
the hydraulics and the electronics for all the functions and 
controls in the design. The climate system also needs to be 
developed according to the conditions of the vehicle and the 
size of the driver cabin. The digital interface for the central 
information system has not been developed in this project 
and needs to be designed for the new cabin. 

To complete the concept of the drivers’ cabin, an inner roof 
‘headliner’ needs to be designed. It is suggested that the 
headliner has a curved shape and is lined with soft fabric 
for both sound insulation and the enhanced experience it 
provides. The curved headliners that were seen during the 
benchmarking was identified as one of the key aspects for 
creating a nice feeling in the cabin. Functions that we suggest 
to implement in the headliner are speakers, air vents and 
some kind of sun blocking equipment. We recommend to 
avoid displays and instruments in the headliner and instead 
try to place them closer to the driver in the zones of reach and 
fields of vision. 

Sun blocking was one of the problem that were identified 
during the visits and an important feature to develop. The 
sun is a problem both because of blinding, but also because it 
heats up the cabin during summer. Alternatives that we have 
discussed are blinders, shaded glass and sun protecting films 
that can be put on the windows. The different solutions need 
to be evaluated and developed to fit the new drivers cabin. 
If using blinders, one challenge is that the front window is 
leaning and the glass has an angular transition.

The cabin should also be adapted to fit other vehicles in the 
KUVAB range. The modularity of the design eases the process 
of adapting the driver environment for the different vehicles. 
Even though the vehicles have different applications, the 
same ergonomic aspects apply for all vehicles. What KUVAB 
need to evaluate and develop is the mapping of functions 
and placing of instruments in the other vehicles. This could 
be done with inspiration from the approach in this project, 
we suggest that users are involved in the process in order to 
design the other driver cabins with respect to user needs.  

“The physical model helps  
any observer understand the 

design, without requiring 
technological skills or ability  
to interpret an engineering 

drawing.”
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5.4 RECOMMENDATIONS
We recommend the company to continue to utilize the 
knowledge and experience of users in the development of 
their vehicles. The contact with users of the slag haulers have 
already been established and we recommend that KUVAB 
continues the dialogue for the finalization of a new driver 
cabin. 

Furthermore, we recommend that KUVAB maintain contact 
with their customers after a new vehicle has been delivered. 
Comments from the customers are important input for 
improving the product further. As the CEO of NMV said; 
“The best selling technique, is to deliver good products to 
existing customers”. NMV and KUVAB have a tradition of 
listening to customer requests when delivering a product. 
Continuing this dialogue with customers even after delivery is 
beneficial for both parts. 

There has been some discussion during the process whether 
the interior should be produced in plastic or metal. Plastic 
is the most common material for vehicle interior today and 
might seem like the obvious choice, but we see potential in 
using metal instead. First of all, the process of producing 
molds for forming the plastic panels is a big investment, 
when working with such low series as lag haulers, it might 
not be worth it. Secondly, the life time of a slag hauler is long 
and the environment is though, metal is more robust and 
sustainable over time compared to plastic. We saw a concept 
cabin of a slag hauler where the interior was made of plastic, 
lined with leather imitation. The interior looked worn and 

had lots of damages after some time in the steel production. 
A third motivation for using metal instead of plastic is that 
NMV and KUVAB have many years of experience from 
working with metal. With our concept cabin we want to show 
the company that it is possible to design a nice and modern 
interior using production methods and material that they are 
experts in using.  

 We see potential in thinking newly about how to sell this 
product. Referring to good customer relations and a dialogue 
with the customers, it would be possible to sell a separate 
driver cabin to existing customers that already has a slag 
hauler from KUVAB. This would give the customers (steel 
plants) a chance to update the working conditions for their 
drivers without having to invest in a completely new vehicle. 

We also encourage KUVAB to evaluate possibilities for 
providing the customers with optional features in the driver 
cabin. We found that many of the systems are mounted by 
the customer after delivery of the vehicle. Requirements of 
systems such as camera monitors, order handling systems 
and weighting systems differs between customers why these 
options are not standard and included in the delivery. Thanks 
to the long production time (around one-year delivery 
time) there are possibilities to have a dialogue about system 
requirements with the customer. If the customers are offered 
choices and have a range of alternatives to choose from, it 
is more likely that they will add those extra features. The 
customer will feel that they get a more complete product and 
KUVAB will have better insight in customers needs, which 
is important to be able to design the entirety of the vehicle. 
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6.1 HOW CAN WE IMPROVE 
THE PHYSICAL AND COGNITIVE 
ERGONOMICS? 
The ergonomic aspects for the drivers’ environment have been 
treated by first identifying ergonomic problems in todays 
cabin and thereon make changes for improvement in the new 
design. The main ergonomic problems that we identified was 
the placement of controls and displays. The drivers had to 
cross both arms to perform some actions, and displays were 
placed in the headliner, outside of the field of vision for the 
driver. The placement of chair, pedals and steering wheel in 
the new design have been done according to zones of comfort 
(ISO 6682:2008). The placement of displays has been done 
in accordance with fields of vision (EN 894-2:2008). And 
with component mapping we could place controls and other 
components in a logical way.

The field of vision have been extended thanks to the bigger 
windows in the new design. Camera monitors help the driver 
further to get a good vision of parts of the vehicle that are not 
seen from the driver cabin. Steering wheel and drivers seat are 
adjustable to suit different sized drivers, continuous controls 
with manikins in CAD have confirmed that the wheel and 
pedals are in recommended distances in relation to the SIP for 
all considered drivers. 

Sound levels proved to be within accepted values, and minor 
focus have been put on sound dampening actions. The lining 
with soft fabric and a thick rubber mat will likely reduce the 
sound levels further. 

By identifying ergonomic problems and applying a 
comprehensive set of standards and frameworks, we have 
created a work environment suitable for 5th-95th percentile of 
operators, but also easier service access for mechanics. This 
indicates that the ergonomics in the new design have been 
improved in comparison to todays slag hauler. 

6.2 HOW CAN WE IMPROVE THE 
SAFETY?
Driving a slag hauler is a risky profession. Handling of hot 
melted metal slag could mean a major hazard if something 
goes wrong. Many important safety actions are connected to 
the machine as a whole and not just the drivers cabin. But the 
cabin is, after all the working environment for the driver and 
equipment and actions to improve the safety, and the felling 
of safety, are crucial here.

Safety equipment that we added to the drivers’ cabin are 
primarily chosen with respect to fire and dangers connected 
to fire. Safety requirements and guidelines have been 

maintained from international standards and the European 
Parliament and the Council directive 2006/42/EC. Basis 
for needs of safety features have also been obtained through 
observations and interviews, identifying the biggest risks and 
concerns. Todays drivers cabin do not have a fire extinguisher 
inside and fire blankets were only noticed in some of the 
many slag haulers we have seen. A fire extinguisher and a fire 
blanket are now highly visible and mounted close to the exit, 
this will help the driver evacuate the cabin more safely in case 
of fire on the vehicle. Many of the safety details inside of the 
cabin seem like small details in the big picture, but increasing 
the awareness of risks and the feeling of safety is important 
enough to motivate these small changes. 

Placing safety equipment so that it is noticed by the driver 
also increases the awareness of actions in case of emergency. 
An example is the glass hammer, which is now mounted 
on the front A-pillar, visible directly when entering the 
cabin. This helps the driver understand that it is possible to 
break the side window and escape this way if the entrance 
is blocked. The windows of the existing cabin are instead 
removable by pulling a rubber strip around the window, but 
only a few of the requested drivers knew about this functions 
when we asked during the interviews. 

It is not possible to emphasize the dangerous nature of slag 
handling enough. Consideration and evaluation of the whole 
process for the slag handling should be performed in order 
to reduce the many risks that are connected to the job. But 
within the scope for this thesis we have done our best to 
improve the safety situation for the driver with changes inside 
the drivers’ cabin.

6.3 HOW CAN WE IMPROVE THE USER 
EXPERIENCE? 
To design for good user experience, one needs to understand 
the users as Sanders (2002) states. By involving stakeholders 
throughout the design process we have tried to identify and 
satisfy different needs from different stakeholders. Involving 
stakeholders in the process is essential to achieve good design 
and satisfying user needs (Abras, Maloney-Kirchmar & 
Preece, 2005; IDEO, 2015, Norman, 2013). Support for 
design choices regarding user experience have been collected 
through observations and interviews with drivers, mechanics 
and other stakeholders for the slag hauler. 
To verify that the design provides a good user experience, 
further user tests have to be conducted with the new design. 
The physical prototype that we built plays a vital role for this 
type of work. The prototype can be used for evaluating the 
user experience of the new driver environment together with 
drivers, mechanics and other stakeholders. This is something 

# 6  C O N C L U S I O N S
The project objective was to design a new driver environment with improved ergonomics, safety and user 
experience. This section will answer the research questions based on our objective with support from relevant 
theory. Furthermore, we will verify and confirm that we have achieved the objectives and aims of the project.
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that we encourage KUVAB to do before producing the next 
slag hauler cabin. Although we did not have time for follow 
up user tests of the prototype we got some indications of 
success when presenting the prototype at the university and at 
NMV. Some spontaneous reactions from the audience when 
testing the prototype were: 

“This is very comfortable”
“Wow, the windows are huge”

“Oh I would like this to be my new office”

The contribution of a physical prototype is obvious here, if 
these people wouldn’t have physically experienced the new 
design, they would probably not have said those things. It was 
most likely the first time any of these people sat inside a slag 
hauler drivers cabin. Only seeing images of the same result 
instead of experiencing it would probably not have triggered 
the same reactions.

6.4 PROJECT OBJECTIVES AND AIMS 
The project objective was to design a new driver environment 
with improved ergonomics, safety and user experience. As 
argued under the previous three headings the delivered design 
fulfils the objective on all three points. Furthermore, the 
expected result was a full scale prototype of the design. 

The prototype that has been delivered to the company do 
not only give a realistic appearance but also has several 
electrical functions, and preparation for further installation 
of electronic components. As an extra feature, the prototype 
has room for adjustment of some details to evaluate the best 
placement of chair, pedals, steering wheel and displays. The 
prototype today is sufficient for conducting user tests, but 
can also be further developed and used for trying alternative 
solutions in the design. 

The project aim was to improve the working environment 
for slag haulers drivers as well as mechanics and other 
stakeholders. It was also to contribute to making KUVAB 
more attractive among completion on a global market. 

The new design takes both drivers and mechanics needs into 
consideration. By being adjustable and flexible it fits most 
users, and varying customer needs around the globe. The 
modularity facilitates reach for mechanics while at the same 
time giving opportunities for customization. The new interior 
design gives a characteristic look to the SH60 that will 
strengthen the identity of Kiruna Utility Vehicles. 

The modern and ergonomic new interior for SH60 will 
distinguish KUVAB from competitors by being the first slag 
hauler producer providing a modern and attractive driver 
environment. In combination with a high quality machine 
and cost efficient engine, this will make Kiruna Utility 
Vehicles the natural choice for customers that request a 
reliable and high performance product. 

“The modern and ergonomic new interior 
for SH60 will distinguish KUVAB 

from competitors by being the first slag hauler 
producer providing a modern and attractive 

driver environment.“
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SH60 ASIO har en helt ny grundform som delvis tagits fram genom att flytta de bakre servi-
cepunkterna på gnistskyddet till samma sida Den nya grundformen ger SH60 ASIO en helt 
ny planlösning med större ytor. Detta öppnar för möjligheten att vidareutveckla en mer  
ergonomisk arbetsplats åt föraren. Planlösningen medför även att det  finns plats för att införa 
en passagerarstol, som med fördel kan användas vid upplärning av nya förare.
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SH60 ASIO är erbjuder en modern och attraktiv design som  
kombinerar funktionalitet med spännande estetik. SH60 ASIO  

lägger stort fokus vid att skapa ett enhetligt uttryck mellan hytt 
och resterande slaggtruck, samtidigt som den svarar mot KUV’s 

slogan ”Wise and strong”.
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Most tractors and loaders today have 
a laminated glass in the front to reduce 
the risk of smashing the whole window 
(tempered/hardened glass) by a small stone. 
While they are handling a lot of earth and 
are exposed to the risk, a slag hauler has its 
cabin very high and does not expose it self 
to small objects flying in great speed. The 
chance of having the front window crushed 
is stilll there with harded glas, but it also 
gives the driver the option to escape from 
an emergancy through it.

WINDOW OPTIONS

Window option 1:
Laminated glass mounted with rubber seal

+ Laminated glas is resistent against minor things hitting it.
+ Easy mounting and manufacturing of sheet metal holding it in place.
+ Escapable by pulling the rubber list from inside.

- Has to have at least a 30mm radius in each corner and a transition 
with rubber seal from window to bady. Not modern design!

Window option 3:
Hardened glass mo3nted with glue

+ Easy escape by diamond hammer
+ Really strong glas
+ Sharp corners are possible for the design aspects

- Longer delivery time from current supplier
- If there is a “stenskott”, the window might crack, and 
that will lead to the whole window breaking down.

Window option 2:
Laminated glass mounted with glue

+ Laminated glas is resistent against minor things hitting it.
+ Sharp corners are possible for the design aspects

- Nonescapable
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I N T E R V I E W  S C R I P T  
This is the script that was used when visiting resellers of tractors. These questions acted as a base for the 
conversations with the selling managers. 

1 . 1  I N T E R V I E W  Q U E S T I O N S  T O  S E L L E R S  

• What is it that makes a customer buy a tractor here? What are the best things about your products?  
• What are the trends that you can see regarding farmin machines or tractors? 
• What are the hottest brands on the market right now? Who does the best cabins and interior? 
• How is the climate in the vehicles? Do they manage to keep warm and cold when needed? 
• What kind of systems are there for communication and log of work? 
• What can you say about electronic gauges/digital displays and analogue systems? Any trends or pros 

and cons? 
• How is the noise reductions and vibration in the cabin? 
• What do you think is the most important factors for the customer when they buy a tractor? 
• Do the customers ask for special features inside the cabin? 
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I N T E R V I E W  S C R I P T  
This is the script that was used for the interviews with drivers, managers and mechanics when visiting the 
smelter plants. The interviews were unstructured and supplementary questions were asked if necessary.  

1 . 1  I N T E R V I E W  W I T H  S L A G  H A U L E R  D R I V E R  

The interviews with the drivers were conducted in their lunch rooms. The interview took about 30-40 
min. 

1 . 1 . 1  i n t r o d u c t i o n  

• Start with explaining about the project, what was done in the previous project (the past fall) and 
why we are here.  

• What is your name? 
• Can we use your answers in our project? Is it okay if we record the interview to be able to go back 

and review all answers? 
• Can we take a photo of you, and use in our report and presentations? (Was only asked to one 

driver, manager and mechanic) 
• How old are you and how long have you been working here? 
• Have you driven different types of slag haulers? If yes, what models? 
• Can you tell us what you think is the best thing about your job? 
• And the opposite, what is the worst thing about your job? 

1 . 1 . 2  A b o u t  s a f e t y  a n d  r i s k s  

• Have you had any education for the slag handling? If yes, what kind of education? 
• Have you read the safety manual for the vehicle? 
• Have you ever felt unsecure at work? What happened and why did you fell that way? 
• What do you think are the biggest risks in your job? 
• What mistakes are most likely to happen? 
• Have you been involved in any accident with the slag hauler? Or anyone else during the time you 

have been working here? 
• What would you do in case of fire? 

1 . 1 . 3  C o m f o r t  a n d  e r g o n o m i c s  

• What is comfort for you? 
• Do you consider todays drivers cabin as comfortable? Why/why not? 
• Do you or any of your work mates experience pain in the back/shoulders/neck or other injuries 

from your work? 
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1 . 1 . 4  C o n t r o l s  a n d  d i s p l a y s  

• What do you think of the displays and controls in the slag hauler? Are they easy to understand?  
• What information do you look at the most? 
• Do you remember if there was something that was hard to understand or learn when you started 

working here? 
• Do you have any opinions on pros and cons with digital displays? 

1 . 1 . 5  A b o u t  p u r c h a s e  o f  n e w  s l a g  h a u l e r s  

• What do you think are the most important factors when buying a new slag hauler? 
• Do you know why you bought the model that you have today? 

1 . 1 . 6  O t h e r  q u e s t i o n s  

• Is there anything annoying about the cabin today? What and why? 
• Is there anything that is good with todays cabin? 
• What do you bring into the cabin? Where do you put loose stuff? 
• Is there anything that you miss in the cabin? Something you would like to bring but cant?  
• If you had free hands to change the interior of the cabin and unlimited amount of money, what 

would you do? How would the perfect cabin be? 
• If you only could change one thing, what would that be?  

1 . 2   Q U E S T I O N S  T O  M A N A G E R  

Interviews with the managers were conducted in their cars while driving around in the plant and watching 
the slag hauler work. The interviews took about 20-30min. 

1 . 2 . 1  I n t r o d u c t i o n  

• Start with explaining the project, what was done in the previous project (the past fall) and why we 
are here.  

• What is your name? 
• Can we use your answers in our project? Is it okay if we record the interview to be able to go back 

and review all answers? 
• Can we take a photo of you, and use in our report and presentations? (Was only asked to one 

driver, manager and mechanic) 
• How old are you? How long have you been working here? 
• Have you been driving the slag hauler?  
• What is the best thing about your job? 
• How many drivers are there? How many slag haulers? How many shifts? 
• Can you say that the slag hauler drivers distinguish themselves in any way compared to other 

drivers? 
• How do you consider the safety in todays slag haulers? 
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• What do you think the biggest risks are? 
• What are the most important aspects when buying a new slag hauler? 
• What do you think are the biggest potential for improvement in the drivers cabin? 
• What are the unique needs for your slag haulers here at this plant? Did you install anything after the 

hauler was delivered? 

1 . 2 . 2  Q u e s t i o n s  f o r  m e c h a n i c s  

The mechanics were interviewed in their work shops. The interviews took about 15 minutes.  

• Start with explaining the project, what was done in the previous project (the past fall) and why we 
are here.  

• What is your name? 
• Can we use your answers in our project? Is it okay if we record the interview to be able to go back 

and review all answers? 
• Can we take a photo of you, and use in our report and presentations? (Was only asked to one 

driver, manager and mechanic) 
• How old are you? How long have you been working here? 
• Have you been driving the slag hauler?  
• What is the best thing about your job? 
• What do you think are the most important factors when buying a new slag hauler? 
• What kind of maintenance is most common in the cabin? What has been changed or fixed? 
• What kind of slag haulers have you been working with? What was good and bad about the different 

models from your perspective? 
• What is the best and worst thing about the slag haulers you have today? 
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I N T E R V I E W  S C R I P T  
1 . 1  I N T E R V I E W S  W I T H  C E O  O F  N M V  A N D  C E O  O F  K U V A B  

These are the questions that were base for interviews with the CEOs of KUVAB and NMV.  

• What are the core values for the company? 
• Can you describe the company’s sustainability profile? 
• What are your visions for the company’s future? 
• Why do you think the customers choose NMV/KUVAB? 
• How do you build new customer relations? 
• How come you bought the haulers part from Atlas Copco? 
• Why should the customer choose KUVAB haulers insted of competitors? 
• What markets are you primarily aiming for? 
• What are your expectations on this thesis? 
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Electronic                                   
CONTROLS & DISPLAYS

This list is used to map/list all the 
controls and displays that we think 
is necessary to have in the cabin.

The list can be modified as we go, 
perfect tool for KUVAB to use in the 
future to map what function there is 
and how the interface between it and 
the driver.

The list is based 
upon control/
display ”units”. A 
row in this list=a 
control /display 
”unit” in the 
cabin. 
Exceptions in 
comments.

All controls should preferably be lit up (like in a car)

FUNCTION CONTROL DISPLAY

placement type placement type Comments
Driving

Gear selection F/N/R ExciControll WS rocker switch CIS indication

steering forward Right/Left Steering column wheel ———— ————

Accelerate forward High/Low Front right pedal momentary plate ———— ————

Break forward Much/Little Front left pedal momentary plate ———— ————

steering backward Right/Left ExciControll WS momentary joystick switch ———— ————

Accelerate backward High/Low Back right pedal momentary plate ———— ————

Break backward Much/Little Back left pedal momentary plate ———— ————

parking break? On/Off rocker switch CIS indication

Slag Handling

slag pot arms Up/Down Excidor Joystick? momentary joystick switch CIS animation

leg support right Up/Down Excidor Joystick? momentary rocker switch CIS animation + indication

leg support left Up/Down Excidor Joystick? momentary rocker switch CIS animation + indication

pin locks Open/Close Excidor Joystick? momentary rocker switch CIS indication Made into one button. Warning indication if lock is opening during tipping?

spark protection Open/Close Excidor Joystick? momentary rocker switch CIS indication Good to have indication when driving forward?!

greasing system on? ExciControll WS momentary pushbutton? CIS indication

greasing ears on? ExciControll WS momentary pushbutton? CIS indication

speed of slag handling functions High/Low Right pedals momentary plate ———— ————

Lights

Hazard light On/Off ExciControll WS pushbutton switch Steering column display and/or? CIS indication

Warning blinkers On/Off Steering column rocker switch/pushbutton switch Steering column display and/or? CIS indication

Light selection Driving/Parking/Off Steering column rotary selector switch? Steering column display? and/or? 
CIS?

Same controll unit (1)

Full light On/Off Steering column stalk switch Steering column display and/or? CIS indication Same controll unit (1)

Blinker right On/Off Steering column (momentary) stalk switch Steering column display and/or? CIS 
and/or? Sound

flashing indication Same controll unit (1)

Blinker left On/Off Steering column (momentary) stalk switch Steering column display and/or? CIS 
and/or? Sound

flashing indication Same controll unit (1)

working light front On/Off Steering column rocker switch/pushbutton switch Steering column display and/or? CIS indication

working light back On/Off ExciControll WS pushbutton switch Steering column display and/or? CIS indication

internal light ? ? ———— ————

platform light? On/Off ? ———— ———— Test all lamps stood here before, but that is not necessary?

Others

Mirror adjustment right Up/Down/Left/Right Steering column? momentary joystick switch ———— ———— Same controll unit (2)

Mirror adjustment left Up/Down/Left/Right Steering column? momentary joystick switch ———— ———— Same controll unit (2)

Mirror heating On/Off Steering column? rotary selector switch CIS? indication Same controll unit (2)

Windshield viper front Fast/Slow?/Off Steering column (momentary?) stalk switch ———— ————

Windshield cleaner front On/Off Steering column (momentary) stalk switch ———— ————

Windshield viper back On/Off? ExciControll WS pushbutton switch ———— ————

Windshield cleaner back On/Off ExciControll WS momentary pushbutton ———— ————

Horn On/Off Steering column? momentary pushbutton ———— ————

Towing steering On/Off ? rocker switch/pushbutton 
switch?

CIS indication

Seat heating On/Off Chair back rocker switch CIS? Do we need to have this one here?

Central fire system On/Off Zone 3 pushbutton CIS and/or Sound? flashing indication

Emergency stop On/Off Zone 3 pushbutton CIS and/or Sound? flashing indication

Information

Pot weight unit ———— ———— CIS? scalar indication

fuel level unit ———— ———— CIS? scalar indication Todays cabins settingd, but the type of function can be changed if put in CIS

Engine hours unit ———— ———— CIS and/or analog meter? scalar indication Todays cabins settingd, but the type of function can be changed if put in CIS

oil pressure gearbox unit ———— ———— CIS? scalar indication Todays cabins settingd, but the type of function can be changed if put in CIS

oil temp converter unit ———— ———— CIS? scalar indication Todays cabins settingd, but the type of function can be changed if put in CIS

hydraulic oil temperature warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

hydraulic oil level warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

hydraulic oil filter warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

pressure break system warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

gear box filter warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

shifting error (gearbox) warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

low air pressure warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

Hydraulic oil ”return filter 
warning”

warning ———— ———— CIS and/or Sound? indication Todays cabins settingd, but the type of function can be changed if put in CIS

1
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Electronic                                   
CONTROLS & DISPLAYS

FUNCTION CONTROL DISPLAY

placement type placement type Comments
Engine

Ignition Ignition/Start/Off Scania panel key switch? Scania panel or CIS? ?

Fixed Speed Up/Down Scania panel Scania panel or CIS? ? Varför har man olika lägen?

Limp Home Throttle On/Off Scania panel Scania panel or CIS? ?

Engine information everything ———— ———— Scania panel or CIS? ? We could later on define this are in details if needed…

Climate

Temperature High/Low Climate panel and/or? CIS ? Climate panel and/or? CIS indication

Fan High/Low/Auto/Off Climate panel and/or? CIS ? Climate panel and/or? CIS indication

Recirculation On/Off Climate panel and/or? CIS ? Climate panel and/or? CIS indication

Music

System On/Off Stereo panel/CIS? ? Stereo panel and/or CIS? indication

Mode AUX/Radio/CD Stereo panel/CIS? ? Stereo panel and/or CIS? indication

Volume High/Low Stereo panel/CIS/Zone 2? ? Stereo panel and/or CIS? indication Can we integrate somewhere on armrest units?

”Seek" Next/Previous Stereo panel/CIS/Zone 2? ? Stereo panel and/or CIS? indication Can we integrate somewhere on armrest units?

Mute/Pause On/Off Stereo panel/CIS/
ExcidorControll WS/Zone 2?

? Stereo panel and/or CIS? indication Can we integrate somewhere on armrest units?

Com-radio

System On/Off Com-radio panel/CIS? ? Com-radio panel and/or CIS? indication

Frekvency High/Low Com-radio panel/CIS? ? Com-radio panel and/or CIS? indication

Chanel? Next/Previous Com-radio panel/CIS? ? Com-radio panel and/or CIS? indication Are there channels on radios? :P

Talk On/Off Com-radio panel/CIS/
Excicontrol WS/Zone2?

? Com-radio panel and/or CIS? indication Can we integrate somewhere on armrest units? When talking, music is muting!?

Gate opener

Gate On/Off Gate panel ? Com-radio panel and/or CIS? indication

Order handling

Gate On/Off Order panel ? Com-radio panel and/or CIS? indication

Cameras

live video On/Off Camera display/CIS? ? Camera display indication

2
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Visit to Norrmaskiner AB

On a f  all kinds of machines for farming. The main brand 
here is John Deere and it is obvious that the sellers here 
are very proud of the main brand. “John Deere is the 
biggest, oldest and best brand in this segment” states Claes 
Årbro, site manager. “they are also leeding the “trademark 
league”, bigger than Ferrari and others in the US according 
to Claes. We are interested in bigger machines that have 
rotatable drivers seat and unfortunately they don’t have any 
new machines with such features in the store today. Claes 
shows us pictures of different models on the computer and 
gives his views of these kind of machines. He states that 
the backhoe loaders that we are asking about represent a 
very small part of the market today, not more than 0,3-0,5 
vehicles are sold every year. All of the machines that we see 
on the screen have rotatable chair solutions from Grammer. 
Grammer seems to be the biggest supplier of seat comfort 

for the industry, all tractors that we have seen during the 
visits have had Grammer chairs. Claes tells us that many 
customers return (about 50-60%) to buy more than one 
machine at Norrmaskiner. They have good relations with 
their customers, selling anew machine always starts with 
an interview about the specific needs of the customer.  We 
ask about escape routs in a tractor, and Claes says that it is 
possible to escape through all windows by opening them. 
It is not common to have tempered glass and a hammer. In 
Germany for some reason it is a must to be able to open the 
front window. But that is more of a comfort idea according 
to Claes, they want to drive with the front window open 
in the summer, which is weird because all the dirt and heat 
then goes into the cab he states. When asking about the 
most important factors for the customer when choosing a 
tractor, Claes replies; vibrations, noise reduction, sight and 
climate.

Images from top left: 1. Carl making his way throught the snow to reach the tractors, 2. Carl inside a new John Deere tractor, 3. Interior of a 
John Deere tractor (image from web)
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Visit to Lantmännen Machines AB
e are welcomed by seller Richard Andersson in the shop. 
Richard has worked as a tractor seller for 15 years, he is a 
farmer himself and has been driving forestry machines as 
long as he remembers.  Richard shows us the new Valtra 
2015 N-series Tractor that he brought into the machine hall 
for us to examine. He says that what is special about this 
brand is that it is “Nordic Quality” and the customers can be 
assured that it will last in the cold climate here in the north. 
Following, we ask about the climate system in the cabin and 
he says that “it is better than in my car”, once you turn on 
the heat you get really nice and arm climate in the cabin, 
warm enough to sit in t-shirt within a couple of minutes. In 
the summer on the other hand, the tractor gets very warm in 
the sun, to get a nice climate you need to put the AC on full, 
sometimes resulting in getting a bit of a cold. Richard talks 
about the most important changes in tractor development 
during his years in the business, first and foremost the view 
for the driver that has been improved. Todays tractors have 
much more glass than they used to have. The size of the 
cabin has also increased. Today many tractors have mostly 
electrical systems between actuators and mechanisms, 
hydraulics for servo is barely the only thing that is still by 
tubes. We ask about the most exclusive and innovative 
tractor of today, and Richard says that Fendt is one of the 
more exclusive brands, he says that Fendt can be compared 
with Mercedes in the automobile industry. As an comparison 
the Valtra costs around 1,2 million SEK (ex VAT), and 
a corresponding Fendt goes for about 2,4 million SEK. 
Richard says that what characterizes a more exclusive driver 

cabin is that more controls are placed in the arm support of 
the chair. Of course it is also possible to get a lot of fancy 
displays and big screens with multiple information. Not all 
customers prefer screens and touch devices though, there 
are pros and cons with that type of technology according to 
Richard. When we sit in the tractor we conclude that Valtra 
succeeded to make a homely feeling, the soft and curved 
roof sweeps over your head and gives a nice feeling. The 

chair is rotatable 
but there is not 
much space for the 
legs when turning, 
seems that lack of 
space is a problem 
wherever you 
look. The tractor 
is not made to 
drive with the 
chair backwards, 
the purpose of 
having the chair 
backwards is solely 
to see what you 
do while working 
with the rear 
functions. 

Images from top: 1. Interior of Valtra N-series, 2: interior of Fendt 800 Vario. (Both pictures are from the resellers web pages)
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Visit to GT Center
Right after our visit to Rönnskär smeling plant we head to 
GT Center in Skellefteå, resellers of JCB loaders. We are met 
by Janne Nyman, managing seller of JCB machines. Janne 
tells us that the customers are becoming more concerned 
about the interior in the machines, as the design improves 
the expectations rise. Like the other tractor resellers, every 
machine is customised to every unique customer and its 
preferences. He mentions one customer that had very 
specific requirements for the interior, GT.center worked two 
weeks with the exterior parts of the tractor while they spent 
3 weeks on finalizing the interior. Janne thinnks that small 
details such as cup holders are important, thos little things 
can make a big difference in the experience for the driver he 
says. Janne has a theory that customers start to care more 
about the interior and features in the cabin because most 
machines are so well developed on the ”outer parts”.

The JCB machines have a 20mm 
thick rubber carpet on the 
floors, Janne tells us that this has 
improved the environment in two 
ways; it helps insulating the cabin 
from both cold and noise. It is very 
hard to get a good climate if the 
floor gets cold so it is smart with a 
well inluating carpet. Apparently 
some models of tractors from 
the manufacturer Ljungby even 
have floor heating istalled. The 
newest JCB machine have buttons 
integrated in the A pillar, Janne 
says that he and the other sellers are 
sceptical towards this because they 
think it can distract the visibility 
forwards. But they doont have 
any experiecne from customers 
opinions on this because the 
machine has not been released yet. 

We ask about what parts in the 
cabin that break most oftenly 
and Janne responds  that the 
door handles are one of the most 
frequent to be replaced. If the 
driver is a bit rough and its cold 
outside, the handles break.  

One smart feature on the JCB machine is a service point 
for the ari conditioning system that is placed on one of the 
side doors. This facilitates easy and fast service of the AC, 
something that previously has been quite tricky do reach for 
service. 

Images from top: 1.Carl inside the JCB loader 2. Service point in the side door for air conditioning 
system 3. Interior of JCB machine (from product brochure 3000 SERIES XTRA FASTRAC)
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KUVAB

IN
Data retrieved from:
Interview with Kenth Mukka, CEO Kiruna Uthility Vehicles INFORMATION

ANALYSED DATA

CUSTOMERS
The customers choose KUVAB because of the 
quality. It might not be the cheapest one initial, 
but it is cheap when looking at the lifetime cost. 
KUVAB is doing some search for new customers, 
but most often there are returning customers, 
since there are not a lot of producers on the 
market. KUVAB is trying to get customers in the 
Chinese market. Kenth has been there three times 
and KUVAB has a agent there as well. But the 
local producers have so much cheaper products 
right now. Australia is one area where KUVAB tries 
to expand to, since it is an unestablished market 
today.

 VISION
When buying GIA’s product KUVAB is able to 
expand the customer range outside the Swedish 
mine industry. This makes KUVAB less dependent 
of the biggest customer LKAB. The slag haulers 
are going to be sold everywhere in the world and 
KUVAB has promised customers that in 2017 the 
slag hauler is going to have a new drivers cabin.

KUVAB realise that the existing driver’s 
environment is not very good and need to be 
improved to be able to get new customers.
2017 is a realistic and good goal of having the new 
cabin produced.

THIS PROJECT
The expectations on this project is a new drivers 
cabin that is more ergonomic, functional and has 
better user experience than the cabin of today. 
The new concept will be built in a full scale mock-
up. 

KUVAB, and especially Kenth know that this 
project is linked to a design close to production 
ready.

FIRST OFF, 
WE’RE GOING 

TO SELL SLAG 
HAULERS IN 
THE GLOBAL 

MARKET”

“

THE DRIVERS 
ENVIRONMENT IS A 

HEAVY SALES POINT, THE 
DRIVERS GET MORE AND 

MORE INFLUENCE”

“
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NMV

IN
Data retrieved from:
Interview with Mikael Pudas, CEO NMV group INFORMATION

ANALYSED DATA

VISION
Within the next years, NMV wants to increase 
profitability. NMV has gone through an expanding 
phase and are now going to focus on optimizing 
the operation at the different shops.
Today it is more difficult to compete with 
standardized products since other countries can 
produce and sell them much cheaper. NMV see 
the possibility  of having an operation towards 
more complicated products where the engineering 
has a big role.

With a wide range of customers indirect linked 
to LKAB, NMV are trying to have good products 
in a geographical area where we are not active. 
The service jobs for local business  are difficult to 
expand.

The purchase from Atlas Copco might be one 
of the reasons NMV wants to approach the 
engineering point of view when it comes to 
products.

 THE COMPANY
NMV groups focus lies within the flexibility  with 
the customer in centre. With tougher competition 
on the market, NMV really tries to listen to the 
customer. Often, the customers order becomes a 
developing project with a lot of customization on 
top of the basic requirements.

NMV have all the workshop competence needed 
in house. Regarding the environment policy, the 
economical factor is the most important one.
NMV work towards iso 14001. The environment 
thinking should be thought of all the time, check 
lists or requirements  are not something NMV are 
using.

We have to make sure we listen to the customers 
and leave room for customization.
We should use the workshop and its possibilities 
as far as possible and use less suppliers.

THIS PROJECT
This project provides knowledge in the area of 
HCD that NMV does not have in house. This 
makes our project a big help since the other 
option is bringing a consultant to do the job.

Our job will provide a result much cheaper than a 
consultant. NMV approaches their problem with 
the driver cabin in a very good way!

THE BEST SELLING 
TECHNIQUE IS 
TO DELIVER 

GOOD PRODUCTS 
TO EXISTING 
CUSTOMERS”

“
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DRIVERS

IN
Data retrieved from:
Interview with three slag hauler drivers at SSAB Luleå, SSAB Raahe & Boliden Rönnskär. 
Two of the drivers were men and one woman.  
 The drivers vary from 150-210cm and 60-130kg.

INFORMATION

ANALYSED DATA

COMFORT AND 
WORK ENVIRONMENT

The drivers consider the chair to be one of the 
most important factors for good comfort. 

Many drivers say that they get pain in the back 
and shoulders from their work. One driver says 
that it is better with the joystick steering when 
driving backwards so they don’t have to do big 
movements with the wheel. 

The drivers say that the biggest work 
environment problems are: 
- vibrations 
- noise 
- bad sight
- bad climate SAFETY

Fire is estimated to be the biggest risk. One driver 
says that it is easy to panic if you can not control 
the fire. Collision with other  
vehicles and explosions when emptying the slag 
pot are other risks. 

The drivers do not follow any documentation for 
routine check. Everything is done by experience 
and they say that they learn what to do from other 
drivers.

When asking about escape in case of emergency 
one driver doesn’t know that they can pull a 
rubber strip and escape through the window.

None of the drivers seem to have read the manual 
which is a requirement from the  
producer.

OTHERS
Most drivers seem to appreciate the freedom of 
controlling their own work. The only thing they 
have to adjust to is the production rate. 

There seems to be a frustration over the  
service of the slag haulers at some plants. The 
communication with the mechanics could be bet-
ter. Some drivers are very involved in the service 
of the truck while others are not. 

THE SEAT, MY BACK IS 
SUPPOSED TO WORK 

THE REST OF MY LIFE, 
BUT A LITTLE SWEAT 
IS SOMETHING THAT  

I CAN TAKE”

“

The answer when asking what they would improve if they 
could only change one thing in the cab. 

THE DRIVERS  
APPRECIATE THE FREEDOM 
OF CONTROLLING THEIR  

OWN WORK!
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EXTERNAL SELLERS

IN
Data retrieved from:
Interview with three sellers of tractors and construction equipment at Lantmännen Luleå, 
Norrmaskiner Luleå and GT-center Skellefteå. 

INFORMATION

ANALYSED DATA

TRENDS
When the functional performance of the vehicles 
get more similar among different brands, the 
customers start to choose vehicles based on 
the interior. And as the design improves, the 
expectations arise. More of the gauges/displays 
are turning into digital displays and smaller 
electrical joysticks are replacing hydraulic direct-
connected controls.

Tractors and loader have come a long way in terms 
of driver comfort and driver environment compared 
to slag haulers on the market today. A lot of 
inspiration and ideas can be obtained by looking 
at this type of vehicles. Many of the solutions are 
simple to implement technically, it is just that these 
kind of improvements haven´t been prioritized until 
now.

 STATE OF THE 
PRACTICE

The customers prefer quiet vehicles with good 
climate. The comfort nowadays is very good 
in most of the forestry machines and loaders, 
and the interest in specialized cabins among 
customers have increased.

Many new machines have digital displays for 
gauges and indications. Cell phones can be 
seamlessly integrated to systems like the stereo

What seems to distinguish more high end cabins 
from the standard ones, are the integration of 
touch screens and digital displays. Also the fact 
that more of the controls are integrated in the 
armrest. As the machines get more developed 
technically, small details such as cup holders and 
simple extra features can make a big difference in 
terms of user experience. 

CUSTOMIZATION
The possibility to customize the the cabin by 
connecting special devices is important to many 
customers. The tractors are often adjusted after 
delivery according to different demands. 

Similar to tractor customers, the different smelter 
plants have individual demands regarding some 
equipment. The new cabin should be designed 
with possibility for customization in mind. 

ONE GUY HAD A 
FRIDGE INSTALLED 

AND ASKED IF 
WE COULD FIT A 
MICROWAVE IN HIS 
NEW LOADER TOO”

“
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LAWS & REGULATIONS

IN
Data retrieved from:
Interview with safety coordinator at NMV, former employee at the Swedish Work 
Environment Authority.
European Union Law, Swedish Work Environment Authority and SweMin.

INFORMATION

ANALYSED DATA

 CE-MARKING
Even if the slag hauler is going to be sold all over 
the world, Madelene at NMV think it is good to 
aproach to apply the regulations of the EU first off 
since those regulations are well established and 
is a good standpoint if the product later on needs 
other product certifications.

In order to be CE-marked, the slag hauler have 
to follow the Machine Directive. Since the 
directive is writen in a way where quantification 
is not applicable to everything, there are some 
harmonised standards to look at for quantified 
requirements. Although the there is no C-standard 
specifically for a slag hauler, there are many other 
harmonised standards to apply induvidually for the 
ergonomic aspect of mobile machinery.

IMPLEMENTATION
Where it is possible to apply quantified 
requrements from the machine directive or 
harmonised standards we should apply that to the 
design specification.

THERE ARE NOT ENOUGH 
RESOURCES TO MAKE 

SURE COMPANIES 
FOLLOW THE 

DIRECTIVES. IF THERE 
IS A CONTROL, IT IS OF 
PRODUCTS FOR THE BIG 

MARKET”

“

NOT MANY COMPANIES 
USE THE MACHINE 
DIRECTIVES EARLY 
ON IN THE DESIGN 

PROCESS”

“

COMMENTS AND 
THOUGHTS

Madelene at NMV says there are not a lot of 
companies that do not even check the product 
before putting a CE mark on it. The resources for 
checking up on companies to make sure they 
follow the health and saftey requirements are 
limited. If there is a control of the product, it is 
often a product for the big market and not a slag 
hauler.

Even if the Directives at times seems like common 
sence, it is good to have a thourough look at it in 
the begining of the design process.
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MANAGERS

IN
Data retrieved from:
Interview with three managers for the slag hauler drivers at SSAB Luleå, SSAB Raahe & 
Boliden Rönnskär. Two of the managers were men and one woman. The number of  
people they manage over vary from 26-165 persons.

INFORMATION

ANALYSED DATA

 SAFETY
All managers have a safety responibility for their 
drivers and consider safety to be important!

The managers know that there are great risks in-
volved with slag handeling.

It seems that the managers have big trust in the 
drivers and that they handle the slag  
transport in a safe way.

HEALTH AND 
WORK ENVIRONMENT

No manager said that there have been injuries or 
sick leave among the drivers because of bad ergo-
nomics in the cabin.

One manager mentioned that the drivers  
complain if they don´t like the vehicle. At one steel 
plant they changed the drivers chair in a slag haul-
er because of comments from the drivers.

All managers agree on the biggest work  
environment problems beeing: 
- vibrations 
- noise 
- bad sight
- bad climate

One manager mentions the varying size of the 
drivers as a problem. The drivers vary from girls 
of 160cm to men beeing 200cm (weight from 
55-210kg). The manager thinks it is impossible to 
design a cabin that fit all users.

 IMPORTANT FACTORS 
WHEN BUYING A  
SLAG HAULER 

The price of the slag hauler is important but it is 
considered in relation to the quality.

Good handeling of spare parts and easy  
maintenance is crucial because of the long invest-
ment.

All managers say that they would involve the driv-
ers if buying a new slag hauler. Their  
opinions are valuable since they are going to drive 
the machine all days.

One manager mentioned that they have good 
knowledge about their competitors and their vehi-
cles. Since buying a slaghauler is such a big in-
vestment, the companies talk to each other when 
buying new machines. Everyone will know if it is a 
bad machine.

IF THE DRIVERS DON´T 
LIKE THE MACHINE, 

THEY WONT DRIVE IT”

 THOUGHTS
 
The managers are very concerned if a hauler is 
out or order for a longer peroid since it would be a 
disaster if the production had to stop.

“
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SERVICE MECHANICS

IN
Data retrieved from:
Interview with five mechanics at SSAB Luleå, SSAB Raahe & Boliden Rönnskär. The  
 mechanics are responsible for service of all the vehicles on the plants.

INFORMATION

ANALYSED DATA

 THE IMPORTANCE OF 
EASY MAINTENANCE

Service and maintenance is a very important 
aspect since the slag haulers normally have a 
lifetime of 40 years. All service is handled on sight 
by mechanics connected to the smelter plants or 
transport contractors.

 IMPORTANT ASPECTS 
FROM THE MECHANIC 

PERSPECTIVE
All mechanics empathizes the importance of sim-
ple handling of spare parts, quick deliveries and 
good documentation.

The mechanics also points out that easy access to 
parts and wires is important for maintenance.

Spare parts should be industry standard, easy to 
access and quick delivery.

The chair is one of the most common parts to be 
repaired.

PERSONALLY, I 
WOULD LIKE A 

LEVER STRAIGHT 
DOWN TO THE 

VALVE PACKAGE!”

“

IF IT IS 
STREAMLINED 

AND ALL IN ONE 
PLASTIC PIECE, 
NOTHING CAN BE 
REACHED FOR 
MAINTENANCE.”

“

COMMENTS AND 
THOUGHTS

They have had much trouble with the touch-
screen in the GIA hauler. The mechanic estimate 
that they have changed it 20 times. 

There is a big disappointment from Rönnskär 
regarding the GIA. They were promised availability 
to a certain stock of spare parts but that promise 
was not kept.

There are different opinions about digital displays 
and computers. One mechanic says that they 
never fail while another doesn’t want to have 
anything to do with computers.
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MANUFACTURERS

IN
Data retrieved from:
Interview with Hannes Wikström, designer at NMV INFORMATION

ANALYSED DATA

DESIGN
When unsure of a design will work or not, the 
constructors go to the manufacturing employees 
and ask for help. Most of the times they will 
say that it wont work, but with a little bit of 
stubborness thhey will come up with a way to 
make it work.

With the machines in Luleå and Piteå there 
are certain limitations we have to take into 
consideration when designing.  
It is all about knowing the limitations of the 
equipment and the employeees for the machines.

 APPROACH
NMV Luleå can work with metal of any kind. 
Although they don’t have a machine park for 
machining thicker metalpieces to high tolerances 
they can still cut, engrave, weld, bend sheet 
metal up to 20 mm. If needed they can ask for 
parts to be made at NMV Piteå where they have a 
complete machine park. In addition to metal, NMV 
Luleå has a 3d printer and a 3d scanner.

It will be easier and cheaper to buy components 
than making them. We should strive to buy 
components first off, if not possible we can make 
them. We shoud use the knowledge in house for a 
short step from idea to implementation.

THIS PROJECT
Hannes, designer at NMV, will help us with some 
steps from design to production. 

It is crusial that we learn Inventors sheet metal 
module, so that we are able to deliver the right 
kind of information to the employees that are 
controlling the machines.
The constructurs often seem to work with the 
design in form of a single solid volume and then 
use it as a reference for the detail design, we 
should do the same.

IT IS WAY 
CHEAPER TO BUY 

COMPONENTS 
THAN TRY TO 
MAKE THEM”

“

     ONE HAS TO BE A 
BIT STUBBORN TO GET 
TO KNOW IF THE DESIGN 
IS MANUFACTURABLE“

“
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For future design, there is room to work on the shape of the lines beetween 
glas and body to escape from the edgy design of the cabin. The bady kit can 
also be adapted after the same shape to make it blend in to the rest of the 
truck making it a good transition feature.

The design with curved glas is to expensive to 
implement.

Both the curved design and the alternative 
design with partally straight pillars will be to 
expensive to construct a door mechanism for.

A new option with completely striaght pillars is 
not as modern as the original concept in terms 
of shape, but is still keeping all the other good 
aspects of the orginal concept.

RE:CONSTRUCTION OF
CHASSI PILLARS
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