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ABSTRACT:

This research is focused towards the use of large-scale FDM 3D printing within the automotive industry,
specifically to design a bespoke habitable sleeping environment attached to a Range Rover Sport. 3D
printing has risen as a viable form of manufacturing in comparison with conventional methods. Allowing
the designer to capitalise on digital data, enabling specific tailored designs to any vehicle model. This
thesis asks the question “Can design use the properties of digital vehicle data in conjunction with large-
scale FDM 3D printing to sustainably produce bespoke habitable sleeping environments for an automotive
context?” Further to this, FDM 3D printing at a large-scale has so far not been explored extensively within
the automotive industry.

FDM 3D printing is an emerging technology that possesses the ability to revolutionise the automotive
industry, through expansion of functionality, customisation and aesthetic that is currently limited by
traditional manufacturing methods. Presently, vehicle models are digitally mapped, creating an opportunity
for customisation and automatic adaption through computer aided drawing (CAD). This thesis takes
advantage of the digitisation of the automotive industry through 3D modelling and renders as a design
and development tool.

This project explored a variety of methods to demonstrate a vision of a 3D printed habitable sleeping
environment. The primary methodologies employed in this research project are Research for Design
(RfD) and Research through Design (RtD). These methodologies work in conjunction to combine design
theory and practice as a genuine method of inquiry. The combination of theory and design practice has
ensued in the concepts being analysed, reflected and discussed according to a reflective analysis design
approach. The design solution resulted in an innovative and luxury bespoke habitable sleeping space
to be FDM 3D printed. Through the use of digitisation, the sleeping capsule was cohesivly tailored to the
unique design language of the Range Rover Sport. This thesis resulted in various final outputs including a
1:1 digital model, high quality renders, accompanied by small scale prototypes, photographs and sketch
models.
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KEY TERMS: AUTOMOTIVE DESIGN GLOSSARY

A-line: The line running over the car, from headlight to tail light,
tracing the car’s silhouette.

Backlight: The rear window glass.

Belt Line: A demarcation or crease between a vehicle’s body
panels and the side windows.

Bonnet: The hood of the vehicle.

Cab: Short for cabin. The enclosed compartment of a vehicle which
contains the driver and passengers.

Cant Rail: The structural member which usually sits squarely on
top of the B-pillar forming the top edge of the door frame aperture,
and which may run seamlessly into the A and C pillars.

Character Line: An important feature line which may be sculpted,
or more pleasingly, created by the meeting of two planes on a car’s
surface, and which gives or adds both definition and ‘personality’
to the form.

Crease Line: A crease is the pressed or folded line created by the
meeting of two different planes or surfaces. Unlike feature lines, a
crease is integral to a design, and cannot simply be applied to a
surface.

Feature Line: A simple line in a car’s body surface. The best feature
lines will be sympathetic to the design of a car.
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Greenhouse: The upper, glazed, part of the passenger compartment
which ‘sits’ on the bodywork.

Gill: A vent on the side of the wing panel, it can be used for hot air
ventilation but it is often decorative.

Haunch: Where the shoulderline of the car gently swells out to
accentuate the muscularity of the rear wheel. Haunch is the name
given to the sculpting of the wing panel above the rear wheelarches.

Lightline: Lightlines are effectively ‘paths’ of reflected light which
‘run’ along a surface and make it possible to understand its
sculptural form without reference to its outline shape.

Monocoque: A type of vehicle construction in which the body is
integral with the chassis.

Pillars: Pillars fulffil a number of primary functions: they are
important structural members, doors are hinged off and/or close on
to them, they support the roof, ‘cage’ and protect the occupants,
and visually frame the windows.

A-Pillar: The upright structural supports either side of the windshield
which is usually bonded to them. A-pillars invariably flow visually
seamlessly into the cant rail.

B-Pillar: Strictly speaking, the B-pillars of most four and five-door
(and some two and three-door) cars are not visible until their door
or doors are opened. What we refer to as B-pillars are actually the
adjacent uprights of the front and rear side window frames which sit
over, and hide, the actual B-pillar.



C-Pillar: The third pillar is the rear door pillar, above the rear wheels.

D-Pillar: The rear most pillar, only evident in four and five door
vehicles.

Plan Shape: Plan view is simply the elevational view of a car as
seen from directly above.

Screen Angle: This is the angle the windshield of a car slopes back
from the vertical.

Shoulderline: The shoulderline basically runs the length of a car’s
upper body side where it folds over to meet the side windows and
its nature will reflect the essential character of the car.

Shutline: A shut line - or ‘cut line’ - is the necessary clearance gap
between two adjacent exterior body panels or interior trim panels,
either of which may be openable.

Stance: Stance suggests both attitude, intent and ability, confers
presence, and is equally identifiable whether a car is stationary or
on the move.

Surface Language: The basic form language of the car that
defines the design.

Tumblehome: A car with more tumblehome suggests a faster,
sportier car. Tumblehome describes the convex inward curvature of
the side of a car above the belt line.

Tailgate: The rear door of a vehicle.

Wheel Arch: These are essentially circular apertures in the body
sides which admit the road wheels, and importantly, frame them.

Wing: The local panels which are legally required to wrap or cover
road wheels, protecting the bodywork.

Glossary terms retrieved from (Lewin & Borroff, 2010)
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Figure 1. Range Rover Sport attached with a luxury sleeping capsule.



INTRODUCTION
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For decades the automotive industry has focused primarily on the
driver and passenger, swaying away from complex customisation.
Automotive manufacturers have continued to prefer traditional
methods and processes in order to adhere to strategies that
concentrate on providing enough variety for most customers to be
satisfied.

With that being said, the rapid advancement of digital technologies
within the automotive industry has resulted in every model having a
3D digital map of their unique surface language. This high precision
and constantly updated database opens the door for emerging
technologies, such as FDM 3D printing to utilise digital vehicle data
to adapt and improve automotive manufacturing processes with
the implication of sustaining complex customisation. Therefore, this
thesis asks the question “Can design use the properties of digital
vehicle data in conjunction with large-scale FDM 3D printing to
sustainably produce bespoke habitable sleeping environments for
an automotive context?”

This research uses design practice as a tool to create a bespoke
habitable sleeping environment attached to a Range Rover Sport,
which was selected due to;

e The brand being a design advocate for luxury SUVs.

e Symbolism through their vehicles strong visual language and
resulting bloodline of models.

e Range Rover’s history of exploring, whilst doing so in a luxury
space.

e To prove FDM can excell within a high-end, extravagant
environment.

FDM 3D printing was selected as the medium of production due to
several significant characteristics;

e The ability to create lightweight and structurally sound parts.

e FDM 3D printing is cost effective and offers recyclable and
biodegradable materials.

e DM 3D printing is a single process, only requiring a digital CAD
model for manufacturing.

e The use of a digital 3D model enables complete geometric
freedom for the production of bespoke complex forms.

e Digital vehicle data is able to be utilised and embodied through
CAD modelling, allowing the designer to tailor any design to the
specific vehicle model and its defining style language.

Background research involving literature reviews, precedent
concepts and case studies have been utilised to build the
theoretical scope of this research and justify why FDM 3D printing
is the chosen form of manufacturing. Literature is narrowed from
additive manufacturing as a whole, down to key characteristics of
FDM 3D printing in conjunction with the automotive industry. Such
as, materials, large-scale applications, environmental pressure and
customisation. Freedom camping is an important context as vehicle
habitation has become an increasingly popular pastime, suggesting
this research is timely.

Overall, this thesis aims to use CAD modelling and FDM 3D printing
as a design tool to capitalise on digital vehicle data for the production
of a bespoke habitable sleeping space tailored directly to a Range
Rover. The research will identify the validity of FDM 3D printing as a
manufacturing method in comparison with conventional methods.
Resulting in a unique customised application through vehicle surface
language that could not be achieved with traditional manufacturing
methods.
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CHAPTER OVERVIEW:

18

ONE: BACKGROUND RESEARCH

The background research chapter sought to build the overall theoretical
framework for this research through in-depth literature studies. Specifically this
chapter breaks down FDM 3D printing as a process and manufacturing tool.
Alongside this, the automotive industry is assessed, in order to gain relevant
knowledge about customisation and environmental issues that work to further
justify FDM 3D printing as a valid manufacturing method.

TWO: PRECEDENT CONCEPTS
This chapter reviews multiple precedent concepts that were instrumental in
inspiring the design process and building a strong context behind the research.
Each of the precedent concepts discussed played a role in influencing design
thinking throughout this research.

THREE: CASE STUDIES

Three case studies were employed within this chapter to help refine the
context of this research and reinforce why FDM 3D printing was selected.
The first case study looks to understand Range Rover as a brand, analysing
key themes and significant design cues throughout their heritage. The second
case study focuses on the context of freedom camping and the legislation
in New Zealand, whilst also discussing potential market gaps. The final case
study identifies and evaluates large-scale FDM style technology that holds the
capability of printing objects as big as 5m x 5m x 5m.

FOUR: METHODOLOGIES

The methodologies chapter distinguishes the two primary methodologies
employed; research for design and research through design. Furthermore,
this chapter breaks down the chosen methods, discussing their specific role
and significance within this research.




FIVE: DESIGN PHASE ONE

Chapter five enters the design process discussing why Range Rover was the
vehicle of choice for this project. Following this, the initial design process and
corresponding concepts are discussed and evaluated through methods of
sketching, rendering and reflective design analysis.

SIX: DESIGN PHASE TWO

This chapter discusses and reflects the second phase of the design process.
Exterior and interior form development is highlighted through CAD progression
and renderings of concepts. The middle section examines and reflects on
capsule accessibility and the ergonomics of movement into and within the
sleeping environment. The final section of design phase two explores FDM 3D
printing materials and qualities to decipher the optimum material for prototype
production. Alongside this, interior fabrics are explored to understand the feel of
the space through materiality with the intent of perceiving luxury.

SEVEN: DESIGN SOLUTION

Chapter seven identifies and analyses the final design solution produced from
this research. The final output is broken into multiple sections that examine
and evaluate the refined features of the sleeping environment. The subsequent
sections include final CAD development, final exterior form, accessibility, final
interior development, aerodynamics, Range Rover attachment and contextual
narrative. Following this, the design solution is critically analysed through a
reflective design analysis, eluding to future speculations regarding the application
of habitable environments for self driving vehicles.

EIGHT. CONCLUSION

This chapter concludes the research, background research is reviewed and
reiterated in conjunction with the design process. The analyses of the design
solution and the research as a whole evokes an informed response to the
research question.
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Figure 2. ‘Night Tides’ Range Rover Sport with sleeper attachment.



BACKGROUND RESEARCH
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Gaining knowledge through the study of scholarly literature and relevant
contextual information has been crucial in reinforcing the conceptual
development of this research. Moreover, the literature and contexts
reviewed in the following pages have built a framework to support
the research proposition and the methodologies employed, as well
as providing myself with a critical understanding of the various topics
covered in this thesis. This literature review investigates 3D printing
technologies in relation with the automotive industry. The focus of this
literature study is to explore whether 3D printing technologies, primarily
Fused Deposition Modelling (FDM), is a viable form of manufacturing for
the automotive industry on a large-scale. Furthermore, the research
aims to interpret the environmental and economic implications of FDM
technology. In conjunction with these implications, the research explores
the prospect of FDM within the context of a habitable automotive space
and identifies a potential market for low volume, complex customisation
and personalisation.
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ADDITIVE MANUFACTURING:

In the last decade, Additive Manufacturing (AM) colloquially
known as 3D printing has emerged as an influential manufacturing
process. In the early stages of 3D printing, it was mainly used for
prototyping and tooling. Though in recent years the advancements
and benefits in the technology have led to it being used for final part
production. Notable examples of these AM technologies include
Digital Light Processing (DLP) and Stereolithography (SLA) in which
photosensitive resin is cured by a laser or light source (Dudek,
2013). Selective Laser Sintering (SLS) uses a carbon dioxide laser
to sinter and fuse powdered material to create a three-dimensional
object (Dudek, 2013). Fused Deposition Modelling (FDM) involves a
material being heated until molten and extruded through a special
nozzle building cross sections of the model layer upon layer to
create a three-dimensional object (Dudek, 2013). Each of these 3D
printing technologies allows the user to create a physical object
straight from computer aided drawing (CAD) software as described
in figure 3.

fp"‘w
'S
)

-
End part
finishing

i —

Figure 3. ‘Additive manufacturing process flow’ explains the process required to
produce an object through AM, from Deloitte University Press.
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In comparison to conventional forms of manufacturing (e.g., injection
moulding, casting, stamping and machining), 3D printing offers
various benefits critical to the development of numerous industries.
3D printing allows the user to create complex forms that could not
be previously produced through traditional tool based methods. 3D
printing opens the door for personalisation and design freedom,
whereas conventional methods are only aimed at the masses.
Potentially, the most critical advantage of AM technology is the
environmental benefits. Conventional subtractive methods create
large quantities of waste material and use excessive amounts of
energy when operating (Campbell, Wiliams, Ivanova & Garrett,
2011). 3D printing, on the other hand, is far more efficient and
considered the ‘green’ option of manufacturing (Campbell et al.,
2011). 3D printing creates virtually zero waste and limits the amount
of energy used. Furthermore, AM technologies have the capability to
use environmentally friendly materials and even recycled materials,
reducing the carbon footprint of the end product.

Although AM technologies possess many benefits, there are
also limitations that hold the technology back from challenging
traditional manufacturing technologies in some applications.
With regard to mass production, 3D printing is far slower than a
conventional process such as injection moulding. A 3D printer is
capable of building a 38 millimetre cube in about an hour. Whereas
an injection moulding machine is capable of making several similar
parts in under a minute (Campbell et al., 2011). With that being
said, the limitation is only justifiable for the production of thousands
of one common object. When producing a customisable product
or a small volume of products, 3D printing is the preferred process
(Campbell et al., 2011). Current AM technologies are limited to
materials such as liquid, solid, and powder polymers; powder
metals; and ceramics. Due to these material limitations, it is difficult
to achieve uniformity of production quality (Campbell et al., 2011).
In order for AM technologies to become a dominant manufacturing
process throughout a variety of applications, there must be a further
exploration of materials.
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FUSED DEPOSITION MODELLING (FDM):

FDM is one of the most common forms of 3D printing technology.
FDM systems are relatively inexpensive and only require machining
costs, this is composed of material costs and post-processing
costs (Dudek, 2013). In relation to other forms of 3D printing,
FDM produces far less scrap than processes such as SLA and
SLS (Dudek, 2013). Many materials used in the FDM process are
able to be recycled, ensuring there is little to no waste. FDM has
quickly developed a number of materials it can utilise, alongside
thermoplastics, a number of composites incorporating metals,
ceramics and plant fibores have emerged.

FDM 3D printing has emerged as a valid manufacturing tool within
the automotive industry due to a number of important features:

e 3D printing is more cost effective (e.g. No initial tooling cost,
reduced waste, recyclable materials.)

e 3D printing is able to create lightweight and low energy parts,
necessary within the automotive industry.

e 3D printing is a single process, only requiring digital models.The
technology offers complete geometric freedom as each object
is produced using computer aided drawing (CAD) software.

e 3D scanning and digital CAD modelling acts as a digital
foundation and can be used to customise a design tailored to
any vehicle type/model. Therefore 3D printing possesses the
ability to manufacture bespoke, complex forms stylised for
different vehicle models.

e (Customisation allows companies to introduce many more
internal/external features to a vehicle (e.g. digital coach building).
(Berman 2012)
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FDM 3D PRINTING MATERIALS:

Currently FDM 3D printing materials are dominated by thermoplastics
including Acrylonitrile butadiene styrene (ABS), Polylactic Acid (PLA)
polycarbonate (PC) and polyphenylsulfone (PPSF) (Bak, 2003). With
that being said, Bak states that the abundance of thermoplastics
has helped to strengthen the material properties of FDM technology
(2003). This is due to the ease of composite material creation,
thermoplastics can be custom blended with a second material,
notable examples include wood, metals alloys and ceramics. A
composite material is essentially a blend of two different materials
with vastly different properties than if the materials were utilised
singularly. The appeal of composite materials is that they are lighter,
stronger and stiffer than most other structural materials (Happian-
Smith, 2001).

FDM 3D printing has the capability to create parts that are lightweight,
only using material where it is needed whilst also reducing scraps.
Traditional processes have reached their limit regarding lightweight
manufacturing (Kaluza, Kleemann, Broch, Herrmann, & Vietor,
2016). Whereas lightweight 3D printed geometries ensure to
reduce fuel consumption and increase energy cost savings across
a vehicle’s lifespan. Energy cost savings account for one-third of
total cost savings in the automotive and aerospace sectors (Gebler,
Schoot Uiterkamp, & Visser, 2014). Moreover, 3D printing vehicle
parts using composite materials would increase the recyclability
and reusability percentage of each vehicle and it's accessories, as
many of these thermoplastic composite materials are mechanically
strong and biodegradable.

Sustainable thermoplastic composite materials are a mixture of a
biodegradable polymer such as PLA (Polylactic Acid) reinforced
with a fibre (AL-Ogla & Sapuan, 2014). Through traditional
processes, fibreglass was often used for its mechanical properties
although it is highly volatile to the environment. This has caused
automotive companies to switch to composite fibres such as plant
fibres. Notable fibres include; flax, cellulose, hemp, ramie and jute
(Koronis, Silva, & Fontul, 2013). Studies have shown that these
plant fibres when mixed with thermoplastic matrices possess similar
mechanical qualities to fibreglass, making them a viable option for
manufacturing in the automotive sector (Koronis et al., 2013).
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LARGE-SCALE FDM 3D PRINTING:

FDM 3D printing has initially been applied in a number of industries
such as automotive, aerospace, medical and architecture. Though
in most applications the technology has been used for rapid
prototyping, low volume production and small customised parts
(Berman, 2012). In recent times, FDM processes have progressed,
including the scale of the technology. Unfortunately, the large-scale
technology is still in a development stage within the automotive
industry and requires more exploration before it can become a
dominant manufacturing process (Srinivasan & Bassan, 2012). With
that being said, large-scale FDM 3D printing is still rapidly advancing
throughout the automotive industry and an emerging company, Local
Motors is challenging the automotive giants with a focus on large-
scale FDM technology. Local Motors has utilised a co-creation and
collaborative strategy through low volume vehicle manufacturing of
open source designs. These vehicles are being manufactured in
various ‘micro factories’ that have been built across the US. Local
Motors have a firm aim in developing 3D printing processes and
materials for the automotive industry and have already produced
notable examples such as ‘Strati’ the world’s first 3D printed electric
car and ‘LM3D Swim’ the world’s first road ready 3D printed electric
car. (McCue, T. 2015)

FDM large-scale technology has also breached other sectors
such as the Aerospace and Architecture industries. Stratasys
have developed the ‘Robotic Composite 3D Demonstrator’ that is
essentially an FDM 3D printer on the end of a robotic arm. Stratasys
have been developing this technology in partnership with Boeing and
Ford, two major players in the aerospace and automotive sectors.
Whilst the robotic demonstrator is mainly used for small intricate
parts, the technology possesses the capability to print lightweight
and strong objects such as aeroplane panels in a single process,
aiding in reducing cost (Stratasys, 2017). Moreover, the technology
completely defies geometric limitations, through an 8 axis motion
system, meaning material can be applied anywhere reducing the
need for support structure that is accompanied with most regular
FDM 3D printers (Stratasys, 2017). Within the Architecture industry,
A Dutch design company Dus Architects has began building a canal
house in Amsterdam by 3D printing its parts using a giant FDM 3D
printer called the “KamerMaker” (Hager, Golonka, & Putanowicz,
2016). The printer uses a biodegradable thermoplastic. The printer
is mobile and able to be transported on site, the reason for this is to
eliminate waste and reduce transport costs (Hager et al., 2016). The
main aim of the operation was to discover and share the benefits of
3D printing in the architecture and construction industries.
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ENVIRONMENTAL PRESSURE

ON THE AUTOMOTIVE INDUSTRY:

In the last two decades, the automotive industry has increasingly
received pressure from government and environmental
organisations regarding the environmental impact of a vehicle
during its life cycle. The life cycle of an automobile involves the
manufacturing processes and materials, the energy consumption
during its lifespan and the end of life strategy (e.g. recycling and
reusability). Alongside this added pressure, composite materials
have offered various environmental and economic benefits. The
advantages of this ‘green’ initiative have acted as a driving force for
many automobile companies to take a sustainable approach and
comply with government guidelines.

According to the European Commission’s 2000/53/EG
environmental directive, by 2006 85% of the weight of a car must
be recyclable and reusable. Furthermore, in 2015 the percentage
increased to 95% (Koronis et al., 2013). Composite materials have
been steadily increasing in volume and popularity within automotive
processes and parts, further aligning with the EU directive. In saying
this, many composite parts that are produced are using traditional
manufacturing methods (Koronis et al., 2013). This opens the door
for evolving technologies such as 3D printing to further push the
automotive industry towards a sustainable future.
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CUSTOMISATION IN THE AUTOMOTIVE INDUSTRY:

In the present day, customisation of a vehicle is limited to the
extent of changing colours and paint types on the exterior of the
vehicle, choice of upholstery materials and colours, and integration
of different technological and physical accessories. Automotive
manufacturers choose to escalate the variety of products on the
market to cater for customers complex demands (Alford, Sackett
and Nedler, 2000). In reality, the customer is only able to choose
from a mass of products, and are not having any influence on the
design or manufacturing processes and is unable to change the
product in any way. This also requires the automotive company
to anticipate customers market requirements. An example of this
is Volvo’s YCC car ‘designed for women’. This vehicle required
very little maintenance. Furthermore, it featured extra space for
‘stuff’ beside the driver, folding cinema seats in the back and
interchangeable upholstery panels (Laurier, Brown, & Lorimer, 2005).
Alford et al., consider the reason for limited customisation is due
to strategic business models revolving around mass customisation
and high volume production to cater for increased demand and
lower costs (2000). Furthermore, customisation in the automotive
sector is restricted from production technologies and supply chain
constraints (Weller, Kleer and Piller, 2015).

The automotive industry has always held a focus on the driver
and the passenger, swaying away from complex customisation
(Laurier et al., 2005). Overall, there is little focus on how the
space within the automobile is utilised, even with large functional
vehicles, they all possess similar internal qualities. Moreover,
complex customisation and personalisation is scarce among the
major automotive companies, typically, complex customisation is
more readily available through high end vehicle manufacturers or
bespoke low volume vehicle manufacturers. However, FDM offers
the opportunity for high-quality, luxurious parts.

AM Technologies such as 3D printing possess the ability to
revolutionise the automotive industry through the inclusion of
bespoke complex customisation. 3D printing allows products to
be optimized for its intended function rather than being limited to
stock designs created through traditional manufacturing methods
(Weller et al., 2015). Furthermore, 3D printing technology creates
potential opportunities to allow the consumer to choose how the
automotive space is designed to fit their demands. As a result of
this, product variety can become infinite without incurring additional
costs that would be associated with conventional manufacturing
methods (Weller et al., 2015). Although customisation and variety
generally imply increased costs, product customization potentially
gives an increase in the customers perceived product value and,
consequently, improves their wilingness to pay (Fogliatto, Silveira
and Borenstein, 2012). Moreover, it is identified that “in order to
sustain the provision of high variety tailored to customer needs,
manufacturers must seek cost-effective capabilities to counter
increasing costs and manage growing complexity” (Alford et
al., 2000). FDM 3D printing is a cost effective and sustainable
manufacturing process that can work to restrain the increasing
costs related with customisation. Currently FDM 3D printing
technology is only capable to produce highly customised products
at low volumes, but with further exploration and development 3D
printing technology has the potential to successfully sustain high
volume complex customisation in the automotive industry.
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PRECEDENT CONCEPTS
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The following precedents and the coinciding concepts served
to create a surrounding context for this research project. The
specific images have provided inspiration and important contextual
knowledge that have shaped the design considerations and
decisions highlighted throughout this thesis.
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INTERIOR ARCHITECTURE:

Interior architecture has been a key field of inspiration as it involves
the design and layout of an internal space. The ability to change the
feel of a space is an important concept in this research, especially
designing to create comfort within a small interior space. As seen
to the right in figure 2, Zaha Hadid designed apartments for the
Ronald McDonald charity house in Hamburg. The space is modern
and bold with strong angles and a illustrates a beautiful use of
lighting. The use of interior angles, lighting, colours and materials is
an area of great consideration in the design practice phase.

Figure 4. Ronald McDonald charity house in Hamburg designed by Zaha Hadid Architects.
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MICRO LIVING:

The idea of micro living has become a far more relevant concept
as overpopulation and housing crisis has raised significant issues.
Contextually this concept is vital to this research as micro living
is an example of how to utilise a small space efficiently. Various
solutions have arisen in this field, below in figure 3 James Law
Cybertecture has produced an ‘Opod’. A housing unit designed
inside a 2.5m diameter concrete pipe for 1-2 persons (2017). The
Opod is a stackable strong structure and uses the space effectively
to fit all amenities including living, bathroom and cooking areas.
Alongside this efficient use of space, the lighting, materials and
space saving furniture work exceedingly well to make a concrete
tube an appealing place to live.

Figure 5. ‘Opod Tube Housing’ micro apartments in concrete pipes designed to
ease Hong Kong'’s housing crisis from James Law Cybertecture.
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MOBILE VEHICLE HABITATION:

People adapt, use, hire and purchase vehicles specifically for
travelling and camping. Contextually it was important to understand
the different forms of vehicle habitation and why people choose
a mobile home over a hotel or B&B. The concept of vehicle
habitation is a broad term and can differ from living in fully furnished
motorhome to sleeping on a blow up mattress laid down in the
rear of a vehicle. Generally vehicle habitation depends on the cost
and situation involved. Mobile homes range in size, form and price,
varying from luxury motorhomes, caravans, campervans, rooftop
tents and modified vehicles. In figure 4 is an example of a roof top
tent designed by Autohome in conjunction with Mini for the all wheel
drive Mini Countryman. The roof top tent has become increasingly
popular in recent times as it is a relatively inexpensive accessory
and allows the user sleep above their vehicle. Furthermore, the roof
top tent is compact, lightweight and relatively easy to erect. The
attraction of a roof top tent opposed to a hotel or B&B is that the
user is able to travel to more isolated places, ideal for a scenic
traveller.

On the other side of the spectrum, luxury motorhomes have been
a popular form of mobile home in the last decade with design and
technology rapidly advancing. Moreover, these motorhomes play
a large part in the tourism industry, particularly in New Zealand.
Although luxury motorhomes are reasonably expensive, they appeal
to the older and wealthier generations. The vehicles are very large
in size, limiting them from accessing an area that a smaller, nimble
vehicle may find easy. With that being said, luxury motorhomes act
as a hotel on wheels and allows the user to travel from place to
place with added comfort. Additionally these motorhomes are self-
contained and hold various amenities. In figure 5 is an interior of a
Swift Bolero, a high end motorhome.
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Figure 6. Autohome AirTop roof top tent designed in partnership with Mini from Figure 7. Interior shots of a Swift Bolero, photographed at Iconic Motorhomes.

BMW Group.
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CONCEPT VEHICLES:

Concept vehicles have provided this research with inspiration for
the design process phase regarding the integration of luxury and
future high-tech applications. Concepts cars produced by the major
automotive companies boast innovative technological solutions
specifically within the design and engineering sectors. Furthermore,
these vehicles often carry unique design traits associated with the
vehicle manufacturer. In figure 6, the Vision Mercedes-Maybach 6
Cabriolet by Daimler AG demonstrates “the ultimate in luxury of the
future” (2017). The Vision Mercedes-Maybach 6 Cabriolet has been
designed as an electric car and the battery sits in the underbody
of the car allowing the space to be utilised in an unconventional
way. The front of the vehicle where the engine would normally sit
hosts space for storage. The exterior of the vehicle is stretched
and fluid, distinguished by sharp feature lines and elegant lighting.
The interior unveils the ultimate in luxury with the combination of
emotional intelligence, the soft curves and material palette creates
a luxurious yet high-tech experience.

38 Figure 8. The Vision Mercedes-Maybach 6 Cabriolet, electric concept vehicle from
Daimler AG.



BESPOKE COACH BUILDING:

Coach building can be defined as a manufacturer of bodies for
passenger-carrying vehicles. Custom or bespoke coachbuilding
dates back to 1450 in Hungary where the first reported horse
carriage was built for the aristocracy and gentry (Burgess, 1881).
Automotive custom coach building emerged in the early 1920’s and
flourished into the golden age of automobile design. During this
time, bespoke vehicles were a necessity for people of wealth and
position to accompany their life of luxury (Coachbuilt.com, 2015).
Furthermore, the automobile became a symbol of modern society,
and served as a medium for artistic and personal expression for
both the designers and owners (Coachbuilt.com, 2015). Custom
coachbuilders emerged in force during the golden age (1920 -1945)
producing ultra-luxury vehicles sold as chassis only. The production
of bespoke luxury vehicles began to limit from the great depression
in 1929 and dramatically reduced post world war Il (Coachbuilt.
com, 2015). Moreover, the introduction of unibody construction,
where the body of the vehicle is fused with the chassis caused
custom coachbuilding to become a uneconomic practice. Many
of the custom coachbuilders either closed down or reformed their
business towards other pursuits, although some managed to
survive and are still active today, notable examples include Zagato
and Pininfarina.

Contextually custom coachbuilding is a significant concept as this
research aims to produce a vision of a bespoke habitable sleeping
environment attached to a Range Rover Sport. Large Scale FDM
3D printing technology discussed in chapter two has the potential
to act as the medium for bespoke digital coachbuilding, a new era
of customised design within the automotive industry. Furthermore,
the practice of coachbuilding targeted the same market that this
design output is focused on. Figure 7 displays a Rolls-Royce Silver
Ghost Torpedo “Pall Mall Tourer”, this vehicle was custom built
by Brewster and Co, a well known coachbuilding firm particularly
for working with Rolls-Royce in the United States. This specific
model featured throughout the early stages of the golden age and
was sold as a separate chassis. Customised bodies and interiors
were produced by coachbuilders for various high end customers,
resulting in different colourways, body trimming features and interior
materials.
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Figure 9. 1925 Rolls-Royce Silver Ghost Torpedo “Pall Mall Tourer”, coachbuilt by

Brewster & Co, from wikimedia commons.




INTERIOR DETAILING:
CARRIAGES AND RAILROAD CARS

During the Victorian era luxury carriages and railroad cars were the
main mode of transport for the wealthy. These carriages and railroad
cars were intricately detailed with lavish materials, embellishments
and furnishings. The Victorian style has been a prominent form
of inspiration as this era was excellent at emphasizing luxury and
comfort. Contextually interior detailing is a vital concept as it allows
the space to perceive a particular feel through use of materials,
textures, patterns and furnishings. Figure eight features an image
of Queen Victoria’s railway carriage, this is a prime example of
Victorian style; bold, rich colours, wooden furnishings, gold and
beaded embellishments, velvet and silk walls and the combination
of button tufting and quilted textures.

Figure 10. Railway carriage, London & North Western Railway, Queen Victoria’s
Saloon, built Wolverton Works, 1869, from The Board of Trustees of the Science
Museum.
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GLAMPING:

The term ‘glamping’ can be defined as a form of camping
involving accommodation and amenities more luxurious than those
associated with traditional camping. The concept of glamping has
become an increasingly popular style of camping as it allows people
to live within stunning nature settings with the addition of modern
luxury. Furthermore, glamping enables the camper to experience
wild and isolated parts of the world without having to sacrifice
comfort. Glamping has emerged throughout New Zealand with
businesses arising specifically created to provide a luxury camping
experience. PurePods situated in the South Island have built luxury
all-glass pods in remote areas allowing users to be surrounded by
nature with the added bonus of lavish facilities. Figure 9 is another
example of glamping, Wagonstays situated in Canterbury have
created a luxury B&B through the modification of old wagons.
Glamping is significant concept as this research aims to utilise the
idea of glamping through an automotive context.

42 Figure 11. Kirwee Wagonstays, a ‘glamping’ B&B built using old wagons, from Wikimedia
Commons.



CASE STUDIES
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The following chapter highlights key contextual concepts through in
depth case studies. Each of the concepts discussed provide further
contextualisation and justification for the design process and final
design phases.
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CASE STUDY ONE:

RANGE ROVER HISTORY AND HERITAGE

This case study is focused towards exploring the history and
development of Range Rover and it's vehicle models to gain a
comprehensive understanding of the brands heritage, key themes
and crucial design cues. With that knowledge on hand it will provide
justification of design selection through out the iterative design
process.

The Range Rover began in the 1970’s and has evolved into the
present day becoming world renowned for being the most luxurious
SUV. The sophisticated elegant design incorporated with the most
advanced technology has allowed the Range Rover and its offspring
models to be set apart from the rest and lead the field of luxury
SUVs.

ABOVE: Figure 12. Range Rover Velar - first prototype.

1969: The Range Rover Velar prototype, this was a prototype of the
soon to be Range Rover Classic. The designers/engineers used
‘Velar’ over the prototypes to hide its real identity. Velar is derived
from the ltalian word velare meaning to veil or cover (Land Rover,
2018).
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ABOVE: Figure 13. Three-Door Range Rover Classic. ABOVE: Figure 14. Five door Range Rover Classic.

1970: First production three door Range Rover. This was the first  1981: The five door Range Rover classic was made 11 years

vehicle to provide permanent four wheel drive and feature a split  after the 3 door classic was released, adding more versatility to

tailgate, clamshell bonnet and continuous character line. the popular model. The distinguishing features of the Range Rover
began to become far more evident.
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ABOVE: Figure 15. Range Rover Second Generation.

1994: The second generation Range Rover, a more luxurious
upgrade to the classic was packed with new design features
that have made it an iconic vehicle. The recognisable silhouette
and specific design accents have made the Range Rover a world
renowned luxury SUV.

ABOVE: Figure 16. Range Rover Generation Three.

2001: The third generation Range Rover provided even more luxury
for the Range Rover fanbase. This was also the first Range Rover to
be built with a monocoque single shell body. The design inspiration
was taken from the tapering of the ltalian Riva speedboat (Land
Rover, 2018).
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ABOVE: Figure 17. Range Rover Sport.

2005: The Range Rover Sport was introduced. The iconic side
gill was upgraded to give the Sport its own identity. The Sport
offered buyers the same luxury paired with increased dynamic
performance. Features included different engine options, one being
a Supercharged 4.2 litre petrol engine. The Range Rover Sport
also promoted a cross linked air suspension which allowed vehicle
owners to adjust the riding height, increasing comfort for on and off
road.

ABOVE: Figure 18. Range Rover Evoque.

2011: The Range Rover Evoque, a luxurious cross-coupe was
introduced in 2011. The vehicle included numerous characteristics
of the LRX concept car in conjunction with classic Range Rover
features. The cross-coupe was an ideal solution for city dwellers as
it was compact in size.
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ABOVE: Figure 19. Range Rover Generation Four.

2012: The fourth generation of Range Rover released in 2012 and
featured Land Rover’s first light weight aluminium body. The vehicle
was large in size and luxury, retaining the A-line and updating the gill
with some vertical feature lines. It also featured the next generation
of Land Rover’s Terrain Response System.

ABOVE: Figure 20. Range Rover Hybrid.

2013: The Range Rover Hybrid was the first hybrid Range Rover
produced. The vehicle featured improved fuel economy and reduced
emissions, though this did not reduce capability.
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ABOVE: Figure 21. Range Rover Sport Generation Two.

2013: The second generation Range Rover Sport was also
introduced in 2013, an upgraded and tumblehome version of its
predecessor. The vehicle featured an updated gill surrounded by a
sharp crease line. The Sport generation two was also provided with
increased efficiency in the form of a 3 litre V6 engine. This is the
model | have designed with.

ABOVE: Figure 22. The Range Rover Sport SVR.

2015: The Range Rover Sport SVR was all about high performance,
the vehicle was produced by the special vehicle operations team
and featured optimum power. This is the fastest Range Rover ever
produced.
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ABOVE: Figure 23. Range Rover SVAutobiography.

2015: The Range Rover SVAutobiography was Land Rover’s
model for redefining luxury. The SVAutobiography offered buyers
customisation of detail with a wide range of colour palettes,
material finishes and interior detailing. This attention to detail
offered a premium luxury experience with emphasis on customer
integration.

ABOVE: Figure 24. Range Rover Velar.

2017: The Range Rover Velar is Land Rover’s latest luxury SUV
model. The vehicle symbolises luxury through the new clean and sleek
design. The Velar retains the iconic A-line with more tumblehome
than recent models. The Velar sits lower than previous Range Rover
models with an elongated, fluid stance. All of the classic Range
Rover design cues are accentuated and drawn out, the new gill and
character line between the wheels are beautiful examples of the
sleek surface language injected into the Velar model.

52



The information discussed in this case study has provided this research with a number of
observations;

Since their foundation, Range Rover has become a design advocate of the luxury SUV.
The iconic silhouette and A-line has remained very similar. Although this silhouette
remains very much alike, subtle alterations of the silhouette and overall surface language
adapt the purpose of the vehicle. Models such as the Range Rover Sport, SVR and
Velar have more tumblehome than others, indicating they are sportier and faster. The
idea of tumblehome can be seen through their design cues, the Velar is specifically
sleek and elongated, this is reciprocated through the lights, pillars and cant rail. Other
models of the Range Rover bloodline possess more luxury based surface languages.
The SVAutobiography, third generation and fourth generation Range Rovers were more
sizeable, with less tumblehome. The pillars ran at a higher angle, giving these models a
tall, luxurious stance.

Several consistent design cues were evident throughout the Range Rover bloodline;
the continuous character line running from tailight to headlight, the silhouette featuring a
sharp backlight angle, gills on each wing panel and the character line running between
the wheels, flowing towards the tailgate.
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CASE STUDY TWO:
FREEDOM CAMPING

This case study focuses on the concept of freedom camping and
the situation within New Zealand. Moreover, this case study seeks
to identify market gaps within the tourism and freedom camping
sectors.

The context of habitation within vehicles, especially freedom camping
has become an extremely popular interest within the tourism industry
and people with vehicles in general (Keenan, 2013). Keenan defines
freedom camping as camping ‘freely’ on public land rather than a
registered campground (2013). The concept of freedom camping
is a huge sector of tourism in New Zealand due to the reputation
of beautiful, green landscapes. Freedom camping has produced
a lot of interest, both positive and negative. In New Zealand, local
communities expressed significant concern environmentally and
socially over the popular leisure activity. In turn, this raised a large
amount of media interest, resulting in calls for tighter management
from district councils (Keenan, 2013).

These issues with freedom camping have led to the introduction of
The New Zealand Freedom Camping Act 2011, outlining legislation
to define freedom camping and enforce tighter laws surrounding
the activity. Importantly, any waste produced during the act of
freedom camping must be disposed of into ‘an appropriate waste
receptacle’, this includes rubbish bins, public toilets or bulk waste
disposal units (New Zealand Government, 2017).

Although freedom camping laws are stringent in New Zealand,
the market for habitable vehicles such as recreational vehicles
(RV), campervans, caravans and rooftop tents has boomed, with
an increase of technology built purposefully for freedom camping.
Various businesses have emerged offering a range of habitable
vehicles for purchase and hire. Jucy is a notable example based in
New Zealand and Australia. Jucy offer various self-contained and
non self-contained campervans, modified with hard shell extensions
or rooftop tents. Jucy and other similar companies in the market are
aimed at tourists and holidayers as a relatively inexpensive form of
travelling New Zealand and camping.
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The information discussed in this case study has provided this research with a number of
observations;

New Zealand has recently cracked down on freedom camping and implemented legislation
that has enforced tighter laws around the popular leisure activity. With that being said,
various other countries has vastly different views and laws surrounding freedom camping.
For example, in England, Northern Ireland and Wales, freedom camping is completely illegal
with the exception of Dartmoor as virtually all of the land is owned, therefore the camper
must use designated campgrounds or ask the landowner for permission (Lewis, 2016).
Scotland however, allows freedom camping on most unenclosed land as long as you follow
the simple policy; “leave no trace” (Lewis, 2016).

The enforcement of the New Zealand Freedom Camping Act 2011 requires freedom
campers to respect their environment, act sustainably and clean up after themselves
to avoid receiving infringements with local government. This is a much needed piece of
legislation to ensure the popular leisure activity does not receive further scrutiny. Moreover,
when designing a habitable environment it is necessary to abide to this legislation and
include simple forms of waste disposal such as portable toilet and sealed rubbish bin.

Specifically within New Zealand, there are many companies providing habitable vehicles for
freedom camping. With that being said, many of these businesses are relatively inexpensive
and do not emphasize luxury. The companies that do provide luxury are all utilising large,
bulky mobile homes that in some instances could not reach certain areas due to vehicle
design. This is a potential gap in the market for a product that emphasizes luxury, yet fits
to a practical vehicle. Additionally, the introduction of a more lavish mobile habitat on the
market has the potential to change negative perspectives on freedom camping. Moreover,
with the introduction of businesses such as ‘Campable’, which set up various freedom
camping spots across New Zealand through private owners, presents a potential venture
for luxury mobile camping experiences.




CASE STUDY THREE:

LARGE SCALE CUSTOM 3D PRINTERS

The following case study investigates an emerging 3D printing com-
pany BLB Industries who have recently teamed up with NorDan
a Swedish door and window manufacturer to produce a custom
large-scale 3D printer capable of printing full size products. The
purpose of this case study is to further justify why 3D printing is an
viable form of manufacturing for large-scale applications.

NorDan who have always held a strong sustainable approach to
manufacturing decided to make a move towards 3D printing en-
abling them to offer clients cutting edge technology for the design
and production of windows and doors (3ders.org, 2018). The 3D
printer was custom built by BLB industries who specialise in custom
builds utilising Fused Granular Fabrication (FGF). FGF is an offspring
of FDM and creates physical objects through the same process
of printing the material layer by layer onto a printing platform. The
difference between FGF and FDM is that FDM uses a thermoplastic
filament which is melted through a heated extruder whereas FGF
uses granular plastic that is melted first and then fed through an
extruder at a constant speed (BLB Industries, 2018). BLB Industries
explain that FGF is most commonly used for prototyping, though
end-products can be fabricated with post-processing techniques
(2018).

The resulting custom 3D printer featured a dual extruder system
allowing for multi-material printing. The printer is capable of building
up to 2.5m x 1.5m x 1.5m, with an extrusion rate of 14 kg of plastic
per hour. Furthermore, larger parts would be able to be produced,
they would just require to be assembled post-printing (3ders.org,
2018). Currently, the 3D printer is in operation at NorDan’s facility,
producing prototypes and various commercial end-products.

BLB Industries further specify that they are capable of producing
custom machines with build sizes of up to 5m x 5m x 5m. Multi-
ple extruders are available enabling multi-colour and multi-material
printing. Different nozzles are readily accessible with three standard
sizes; small (0.6mm - 2mm) with a maximum output of 1 kg per
hour, medium (2mm - 8mm) with a maximum output of 14 kg per
hour and large (6Brmm - 14mm) with a maximum output of 35 kg per
hour. Larger nozzles are utilised for faster, cheaper and stronger
structures whereas smaller nozzles produce finer details at a slower
rate (BLB Industries, 2018). Moreover, the FGF technology can use
various granular thermoplastics and biocomposites. NorDan was
particularly interested in the use of sustainable biocomposites, such
as wood, cork, straw and hemp (3ders.org, 2018).
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The information discussed in this case study has provided this research with a number of
observations;

e NorDan’s collaboration with BLB Industries is promising result for the application of large-
scale 3D printing in various industries. Furthermore, the FGF technology has an extremely
close relationship with FDM technology in both the process and materials utilised.

e BLB Industries custom machines maximum build size of 5m x 5m x 5m is considerably
sizeable and would comfortably fit the design output of this research; a habitable sleeping
environment attached to a Range Rover. Moreover, it can be positively speculated that the
maximum build dimensions would be suitable for various other large-scale applications
within the automotive and aerospace sectors. With that being said, ultra large-scale
applications would require post-processing to develop an end-product.




METHODOLOGIES
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The research methods applied in this thesis are categorised under
two predominant methodologies, Research for Design (RfD) and
Research through Design (RtD). These two modes of research work
in conjunction to support and reinforce the objective of the research
in examining the use of large-scale FDM 3D printing technology for
the production of a habitable sleeping environment attached to a
Range Rover Sport.

61



62

Methodologies Synopsis

Research for
Design

Contextual
Information

Background
Research

Precedents

Case Studies

Research through
Design

CAD
Modelling

Photography

Reflective
Design
Analysis

Figure 25. Methodologies Synopsis. Breaking down the methods utilised under Research for
Design (theory) and Research through Design (practice).



RESEARCH FOR DESIGN:

Research for design provides the basis for the theoretical framework
that supports and bolsters the intended design inquiry. Jonas
describes RfD as a mode of research that is used to generate
knowledge and understanding for a design/inquiring system, with
the intention of improving and strengthening the design/inquiry
process (2014). The ability to gain knowledge before the design
project has begun, allows the designer to enter the design process
with a comprehensive understanding of the relevant theoretical
fields. Furthermore, RfD helps to strengthen the structure and
refine the scope of the design practice, producing a more robust
design process. Three research methods were utilised within the
RfD methodology, background research, precedent concepts and
case studies.
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METHODS:
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Background Research:

Background research is a vital method of inquiry and can be broken down into two subcategories;
literature and contextual information, meaning non-scholarly sources of information including articles
and websites associated with key concepts. The background research chapter acts as the theoretical
backbone for this thesis, gathering beneficial information on AM as a whole, FDM 3D printing processes
and materials, and current applications, developments and limitations of large-scale FDM 3D printing.
Furthermore, the background research method has gained significant knowledge surrounding the
automotive industry’s negative environmental reputation. Additionally, mass customisation is discussed
in consideration with 3D printing and the positive implications the technology provides.

Precedent Concepts:

Precedent concepts have assisted as a method of inspiration and knowledge generation regarding
ideas that have helped form the broader scope of this research. Moreover, the precedent concepts
discussed have influenced design decisions throughout the design process and final design phases.

Case Studies:

Case Studies have provided this research with in depth analyses surrounding concepts that are most
vital to this research. The case study method has focused on three predominant concepts; the history
and heritage of Range Rover, freedom camping and large-scale custom 3D printers. Each of the case
studies have provided the researcher with a greater understanding of each concept. Furthermore,
the case studies identified key observations that succeeded to inform and aid the researcher through
design thinking and decision making within the design process and final design phases.




RESEARCH THROUGH DESIGN:

Research through design acts as the foundation of design practice. Zimmerman, Stolterman
and Forlizzi define RtD as an inquiry process revolving around the making of a product, service,
environment or system. (2010) The RtD methodology demonstrates both the design practice
and the end product as the basis of the research. Various methods are employed to develop
the design process, allowing the designer to critically analyse the methods applied and their
design decisions. Chow states that RtD produces both knowledge of and knowledge for design
(2010). Design analysis or reflective practice plays a vital role through RtD as designers are
continuously gathering relevant information and evaluating each step throughout the design
process, learning what methods applied are suitable for the successful development of the
intended product. Jonas describes design as the basis of how humans make their world.
(2007) With that being said, RtD gives designers the opportunity to produce their ideal design
solution for any given situation. Zimmerman, Stolterman and Forlizzi emphasize how design
researchers see RtD as a means of expanding the scope and focus of designers, by challenging
current perceptions on the role and form of technology. The aim of this thesis is directly related
to the application of FDM 3D printing for the production of habitable sleeping environments,
highlighting the technology’s ability to oppose traditional methods of design practice within the
automotive industry. This will be achieved through multiple methods including sketching, CAD
modelling, rendering, FDM 3D printing, photography and reflective design analysis.
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METHODS!:
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Sketching:

Sketching is an ideal option for form generation and visualisation within the preliminary design phase as it
allows the designer to rapidly produce concepts that can then be further explored through CAD. Simple 2D
profile sketching was utilised in this research, specifically in the initial design phase. Sketching profiles above
the Range Rover was a quick method to help understand how certain angles and curves would look. Sketching
also served as a rapid reflective tool for the analysis of renders further through the design process.

CAD Modelling:

CAD modelling or 3D modelling is a primary design tool that is used to design products for manufacturing. The
world has become digital, meaning that most end-products will have been developed through CAD software,
including vehicles. CAD utilises digital data which is abundant within the automotive industry, CAD modelling
in this research began through the purchase of a high detail digital model of a Range Rover Sport. Rhino
was the predominant software employed in this thesis, the program was used to design all of the 3D models
in preparation for rendering and 3D printing. Moreover, CAD modelling assisted as a primary method in the
development and refinement of the habitable concepts produced. The iterative use of Rhino in the initial design
stage enabled a critical analysis and evaluation of each concept to help refine the exterior form. In the latter
stages of the design process, Rhino assisted in further development through the addition of details and design
cues to help stylise and connect the concepts with the vehicle.

Photography:

Photography is an important design tool for the development phase of the design process. Photographs are
a clear method of process, they are also an easy medium for analysis and evaluation. Within this research
photography was used throughout the preliminary design phase to analyse ergonomics and accessibility of
entering the habitable environment.




Rendering:

Rendering allows the designer to add high levels of detail to 3D models. Rendering software such as Keyshot
holds various materials and textures that can be added and displayed on different parts of the model.
Furthermore, rendering software provides the designer with environments to render in, such as outdoor
landscapes or indoor lighting environments. Rendering displays a digital representation of what the physical
end-product may look like. This research has developed significantly through the mastering of rendering as
it presented life-like visions of the 3D concepts produced. Alongside this, rendering softwares enabled the
inclusion of human models to fit within the designed space, this allowed each concept to be easily analysed
and evaluated adding credibility to the project. Rendering operated as the primary method of development
alongside CAD modelling and has been utilised iteratively throughout the design process. Rendering also
served as a method for final outputs as it gives a close representation of the end-product.

3D Printing:

3D printing allows the designer to create physical models straight from the digital file in a single process.
Moreover, 3D printing presents the research with physical representations of digital concepts, enabling cohesive
analysis of both physical and digital models for refinement. Within this research 3D printing, specifically FDM
was used to understand scale, materiality and overall feel of the design concepts. FDM 3D printing assisted
in analysing, evaluating and refining the final design concept. 3D printing is an important method as it helps to
improve and develop features of the concept that may not be recognisable in the digital model.

Reflective Design Analysis:

Reflective design analysis is a vital method throughout the design process. This reflective tool is utilised at
each stage of design development to critically analyse and reflect on the design concepts produced. In turn,
the analyses and discussions shape and refine the scope of the research, resulting in the best possible design
solution. Reflective design analysis is also an important tool for the design solution, enabling the designer to
speculate future refinements. Within this research reflective design analysis has been utilised throughout each
of the design phases, it was specifically significant in refining the exterior form and design detailing as the
habitable environment needed to be stylised with a close relationship to the vehicle.
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DESIGN PHASE ONE
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Within the following chapter, the preliminary design phase is broken down into four
sections;

Why Range Rover?

Range Rover Sport: Surface Language Analysis
Initial Form Generation

Initial Spatial Investigation

Firstly, it is discussed why Range Rover was selected. Secondly, the Range Rover
surface language analysis looks into the intricate and iconic design language of the
Range Rover Sport. Furthermore, the analysis identifies overall dimensions, fundamental
curves within the A-line and various design cues pivotal to the surface language of
the vehicle. The third section displays the process of initial form generation through
sketches and renders, following this four concepts were developed aiming to match
design details of the vehicle. The final section of the chapter demonstrates design
thinking and practice surrounding human scale in comparison with the vehicle to
decipher how much space the environment requires to be habitable and comfortable.
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WHY RANGE ROVER?
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From its founding in 1978, Range Rover has risen into a leading force in the automotive
industry through mastering the design and production of luxury SUVs. The Range
Rover bloodline of vehicles and their iconic silhouette has become a recognised
symbol of luxury across the world. Firstly, the word luxury defines why Range Rover
was the first choice for this research. Range Rover has continued to emphasize luxury
in every element of their vehicles, through pure, seamless design, materiality, colour
palettes, attention to detail and interior craftsmanship. Alongside the symbolism of
luxury, contemporary Range Rover models all succeed in retaining features of their
unique heritage, whilst also utilising the latest technologies to set the standard for
luxury SUV design.

The concept of a habitable sleeping environment is a timely idea and currently there are
no vehicles or products available for freedom camping that offer luxury and practicality.
The Range Rover was an ideal selection for this concept as the digital manifestation of
surface language provided an opportunity to embody the luxury of the vehicle through
both exterior and interior design, resulting in a bespoke, tailored sleeping environment
for the vehicle. Specifically the recent Range Rover Sport (second generation) was
selected because the vehicle has been optimised for off road use and sits lower with
more tumblehome than a regular Range Rover. The Sport model is the ideal option for
travelling to remote places that cumbersome, luxury motorhomes would not possibly
be able to reach.




RANGE ROVER SPORT:
SURFACE LANGUAGE ANALYSIS

A high-detail CAD model of the most recent Range Rover Sport was
purchased under editorial rights for modification for the duration of
this research. It was crucial to understand the surface language
of this vehicle to make justified design decisions throughout the
design process. Every surface is digitally mapped, providing a
digital ‘cloud’ of information that retains the vehicle’s individual
identity. This surface language analysis highlights significant design
cues that are distinguishing of the Range Rover Sport and Range
Rovers in general.
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DIMENSIONS:

Length - 4850mm

Wheelbase - 2923mm
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Figure 26. Profile view highlighting the Range Rover Sport dimensions.



Width with mirrors out - 2220mm
Width with mirrors in - 2073mm

Front wheel track - 1690mm

Figure 27. Front and rear views featuring the Range Rover Sport dimensions.

Height - 1780mm

RANGE ROVER

Rear wheel track - 1685mm
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Figure 28. High detail CAD model of the Range Rover SPort.



Figure 29. CAD model of Range Rover Sport, the geometries and surface mapping

are highly complex.
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SURFACE LANGUAGE:
SIDE PROFILE
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78 Figure 30. Side profile view identifying significant design cues and surface language

of the Range Rover Sport.



SURFACE LANGUAGE:
FRONT PROFILE
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Figure 31. Front profile view identifying significant design cues and surface
language of the Range Rover Sport.



SURFACE LANG