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    Disambiguation 

 
The term ‘Engineering companies’ is used during the 
course of this feasibility study to describe companies 
involved in the design and/or manufacture of products 
using additive manufacturing techniques. The following 
terms are used interchangeably: 

- Additive Manufacturing, Additive Layer 
Manufacturing and 3D printing; 

- Conventional and traditional techniques, used 
interchangeably to describe subtractive 
manufacturing.
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EXECUTIVE 

SUMMARY 
 
This feasibility study aims to investigate the level of adoption of additive 
manufacturing (AM) technology in the British motorsport industry and to 
what extent this is being employed for competitive advantage. The 
themes of redistributive manufacturing and technological innovation will 
be explored to understand how, and to what extent, the British 
motorsport industry has aligned itself to AM technology. 
AM has been described in recent media as a panacea, a solution for 
all manufacturing problems, disrupting conventional manufacturing 
techniques with its potential to create geometrically complex products 
in any location.  
 
The Engineering and Physical Sciences Research Council  
 
(EPSRC) has funded the research collated within this feasibility study, 
as part of a larger network of studies intended to inform and advise 
future research into the effects of AM technology in redistributive 
manufacturing. This study is focused specifically on the British 
motorsport industry with two key objectives: 

• To assess the impact, if any, that AM has had on redistributive 

manufacturing; 
• To enhance the understanding of technological innovation in AM. 

Three methods of data collection were used to enable a clear 
assessment of the aforementioned objectives. The first phase involved 
secondary research in the form of a literature review. Academic and 
industry publications were collected and analysed in order to clarify 
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AM-related concepts and terminology, as well as to provide knowledge 
in three key areas: (1) technology, (2) industry partnerships, and (3) 
common trends. The data acquired informed a comprehensive outline 
of the benefits, challenges, supply chain and future projections of AM in 
British motorsport, and was further used to inform the subsequent 
primary research phases. 
The primary research phase comprised two methods of data collection: 
a series of qualitative interviews with experts in the field, and a 
quantitative survey amongst manufacturing companies involved in 
British motorsport. The quantitative survey phase aimed to expand the 
common themes identified in the literature review, using a number of 
closed questions with pre-coded answers and gather information on 
the behavioural features enabling approaches to additive manufacturing 
redistribution. In spite of a low response rate, survey results 
corroborated certain salient themes of the literature review, while 
adding perspective to the benefits and concerns of the employment of 
AM within the manufacturing portion of the British motorsport supply-
chain. Where its main benefits revolved around the production of 
structurally complex parts and reduction in production lead time, 
findings also reveal that AM does not fully satisfy production needs; 
combined to the need to recruit additional skilled labour, results 
suggest that the benefits of employing AM do not outweigh the overall 
costs. On the behavioural side we found that those managers and 
executives who are more keen in adapting 3DP are overall higher in 
risk-taking. 
The qualitative interview research phase represented the key method 
of data collection, providing 31.6 hours of semi-structured interviews 
comprising the collective responses of around 36 leading industry 
experts. The respondents covered a broad range of industry 
perceptions, ranging from experts in Formula One (hereinto referred to 
as F1), motorsport, supply chain representatives, academia to 
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specialist journalism. Responses were transcribed examined and 
coded, so as to shed light on salient themes, and were analysed on a 
code-word basis to provide descriptive statistics to support 
conclusions about the key themes. The results of the primary research 
offered depth and clarity to the themes initially identified in the 
literature review. Whist specific details were limited by the confidential 
nature of the motorsport industry, it was possible to gain a consensus 
on common themes by triangulating multiple interview responses. 
Respondents perceive that AM technology will continue to proliferate 
through the British (and Italian) motorsport supply chain supplanting 
conventional techniques for the manufacture of low-volume and 
complex parts. The close proximity of specialist manufacturers to 
race-teams in the British motorsport valley® cluster is perceived to 
prohibit any notable redistributive manufacturing but has demanded 
agility from those suppliers in response to the reduced development 
cycles that AM facilitates. As innovations in materials, processes and 
hardware continue to overcome challenges with reliability, integrity 
and cost of AM products, a new generation of university graduates are 
expected to be educated in the true value of AM, designing for use 
and championing the technology as a viable and crucial augmentation 
to existing conventional manufacturing techniques. 
In summary the combination of secondary research, complemented 
and clarified by primary research, has fostered fine-grained 
understanding of the impact of AM in British Motorsport and shed light 
on its strategic enablers. The benefits of AM processes are ingrained 
throughout the motorsport supply chain which has adapted, rather 
than re-configured, to accept these advanced techniques. The future 
of AM will be secured by innovations that remove physical limitations, 
giving way to an industry that will benefit from a hybridisation between 
conventional and AM technologies. 
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INTRODUCTION 
 

‘Additive Manufacturing, also 
known as 3-D printing, is an 
emerging technology that 
has the potential to 
revolutionize product 
realization on a global scale’ 
(Wohlers, 2011) 
 

It is common for new forms of 
technology to garner significant 
attention: industry-leading 
companies strive to understand 
and take advantage of the 
efficiencies, whilst speculators 
forecast the potential implications 
of how the industry might be 
affected. When introduced onto the 
market, Additive Manufacturing 
(AM) had a similar impact, 
attracting interest from a range of 
industries including aerospace, 
biomedical engineering and 
automotive, with experts 
clamouring to understand how to 
derive value from its commercial 
application.  

AM is an engineering discipline that 
utilises Computer-Aided Design 
(CAD) software to generate three-
dimensional (3D) models ready to 
export for physical creation. Unlike 
traditional manufacturing, AM 
involves a process of layering and 
joining materials to build objects 
from the CAD models, which 
provides the ability to create 
complex designs from a range of 
materials (Mellor et al., 2014). 
Douglas (2016) estimates that in 
2015 the entire AM industry was 
valued globally at USD$667 million, 
representing only 0.01% of total 
manufacturing value added. In 
contrast, the automotive industry 
has been an early adopter of the 
technology, and it is postulated 
that nearly a quarter of all 
advanced car manufacturers 
employ AM as a part of their 
production value chain (Powley, 
2014). In motorsport, the horizontal 
proliferation of AM value reaches 
further: at the very top of the 
motorsport supply chain AM lays 
an integral part of the development 
cycle, which all F1 teams have 
adopted (Raconteur, 2016). 
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AM has the ability to disrupt 
conventional techniques in 
manufacturing industries, which 
benefit from lower waste, reduced 
lead time and a relatively portable 
technological approach (Lawrence 
Livermore National Library, 2016). 
While AM technology has been 
applied to numerous processes 
across a variety of industries, this 
feasibility study focuses specifically 
on the British motorsport industry 
(and in part the Italian motorsport 
industry)– regarded as world 
leaders in motorsport technological 
innovation (UK Gov., 2014). The 
aim of this feasibility study is to 
gather industry data to support 
discussion on how AM has 
impacted British motorsport to 
date, and how it will continue to 
disrupt the industry as a 
competitive strategy. More 
specifically the following two areas 
will be a key focus: 
- The impact, if any, on 

redistributive manufacturing; 
the supply chain relationship 
between end-users, Original 
Equipment Manufacturers 

(OEMs) and peripheral 
manufacturers; 

- Areas of technological 
innovation as a direct result 
of AM. 

To explore and clarify the extent of 
AM disruption in British motorsport, 
primary and secondary research 
data were acquired. Firstly, an 
extensive literature review was 
undertaken to define key 
terminology and definitions relating 
to AM and its specific technologies. 
The literature review sought to 
analyse and quantify the different 
types of supply chain partnerships 
benefitting from AM such as those 
with motorsport teams, AM specific 
OEMs and third party suppliers.  
Analysing all available literature in 
this space the aim unveiled 
common themes, which may not 
have previously been apparent in 
more focused publications. From 
this analysis, conclusions were 
about the scale of impact that AM 
currently has, and will have, on the 
Motorsport industry.  
Secondly, a series of qualitative 
semi-structured interviews have 
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been conducted to gather new, 
subjective, primary data from field 
experts, which will be used to 
enhance understanding of the 
trends observed in the literature 
review. This research was 
supported by a quantitative survey, 
distributed to companies involved 
in motorsport manufacturing, in 
order to further strengthen inputs 
from secondary data gathered in 
the literature review, and collect 
insights on the behavioural aspects 
of the executives and managers’ 
propensity to engage in 3DP. Both 
primary and secondary datasets 
will be analysed in conjunction to 
provide a series of conclusions 
relating to the impact and 
progression of AM in British 
Motorsport. All findings will 
contribute to the broader EPSRC 
research campaign. 

DEFINING ADDITIVE 

MANUFACTURING 
The term Additive Manufacturing 
(AM) describes a manufacturing 
technique used to create complex 
physical objects from a range of 
materials. The general process can 

be summarised in two stages: the 
first stage involves the creation of a 
digital 3D model either using 
Computer-Aided Design (CAD) or 
the acquisition of cloud-point data 
by scanning an object ready for 
conversion to a digital form 
(Kryznar et al., 2016). In the second 
stage, the digital model is exported 
to a 3D-printer for the object to be 
‘built’ or ‘grown’, layer by layer, by 
adding and joining consecutive 
layers of material (Hotza et al., 
2014).  
AM originated from ‘rapid 
prototyping’, a process which 
emerged in the late 1980s and 
early 1990s, and is used to create 
operational scale models for 
evaluative purposes (MarketLine, 
2013). When AM technology was 
first introduced for commercial 
purposes, it was limited by 
production speed and the ability to 
replicate the qualities of 
conventionally manufactured 
products. More recent 
technological advances in speed 
and material quality, such as the 
development of Carbon Clip 
technology (Carbon3D, 2016) and 
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the recent launch of HP’s 
production-ready jet-fusion 
package (HP, 2016), have begun to 
redress some of these issues and 
increase the commercial viability of 
AM. 
There are several reasons why AM, 
in its theoretical sense, can be 
considered a more efficient and 
effective process when compared 
to traditional manufacturing. Firstly, 
traditional manufacturing 
processes are typically subtractive, 
commencing with more material 
than required and selectively 
removing what is not needed until 
the desired form emerges. In 
contrast, AM produces objects by 
adding layer after layer of the 
required material to form the final 
output. This method permits 
manufacturers to create more 
intricate and customisable 
products in a single process, using 
less material compared to 
traditional methods.  
AM also has the potential to reduce 
the supply chain by enabling end 
users to create parts on-site, 
whereas previously they would 
have relied on third-party 

engineering firms. Subtractive 
manufacturing requires the 
sourcing and input of raw 
materials; this contrasts with AM 
which produces high-quality parts 
as part of a single-closed system 
that is readily portable to any 
engineering facility. This is most 
evident in F1, an early adopter of 
AM technology, which is now 
prolific throughout all F1 race-
teams for the design and 
manufacture of test and end-use 
parts (Fleetcroft, 2016). 
There are a number of different 
technologies comprising the 
concept of AM, all differing slightly 
in their method of manufacture and 
material usage. Historically, the 
most common production materials 
have been plastics, however 
metals, composites and even 
carbon fibre, along with various 
other materials, can now be used 
for printing (Campbell et al., 2012). 
The latest innovations even allow 
for the printing of multiple 
composite materials within a single 
structure (Added Scientific, 2016).  
Despite the enormous potential 
and recent innovative advances of 
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AM technology, there are still 
several issues that have prevented 
the commercial diffusion of AM 
techniques. These issues include 
reservations regarding the 
materials’ mechanical integrity, 
repeatability, density as well as 
copyright limitations, a lack of R&D 
into new systems, and high 
production costs. Due to these 
constraints, the current value of AM 
is considered to reside in rapid 
design-led batch tool 
manufacturing, parts design, 
prototyping and testing (Cooper et 
al., 2012). 
 

DEFINING BRITISH MOTORSPORT 
For the purposes of this feasibility 
study it is imperative to first define 
the meaning of ‘motorsport’ as any 
globally competitive automotive 
pursuit within a professional 
context. This study will specifically 
deal with the term ‘British 
Motorsport’, reflecting the portion 
of the motorsport industry located 
within the United Kingdom. British 
motorsport has come to include a 
diverse array of companies 

servicing motor-driven sports, both 
two wheel and four wheel, on-road 
and off-road, ranging from the 
globally prolific F1 race teams to 
smaller, less well funded University 
race teams (Motor Sports 
Association, 2016). The United 
Kingdom Department for 
International Trade describes 
British motorsport as the 
‘undisputed world leader in global 
motorsport’ (UKTI, 2015). The 
industry, which initially benefited 
from the post-war influx of work-
short skilled engineers, has since 
grown to generate revenues of over 
£9 billion, employing over 41,000 
people in over 4,300 different 
companies (MIA, 2013).  
The heart of British Motorsport is 
undoubtedly the Grade 1 racing 
circuit at Silverstone, which hosts 
an annual F1 world championship 
race. In the vicinity of Silverstone in 
the West Midlands is the 
Motorsport Valley®, the world’s 
largest cluster of engineering 
companies specifically orientated 
towards competition (MIA, 2008). 
Adams (2015) refers to the 
Motorsport Valley® as the ‘jewel in 
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the crown of British Engineering’, a 
supply-chain hub for disciplines 
including Formula E, USA 
motorsport, F1, China Touring Car 
Championship and Le Mans. There 
is no exact data on the 
composition and size of the 
companies that form the 
motorsport valley, however 43 race 
teams were recorded by Pinch and 
Henry (1999) and according to MIA 
data these are supported by 
numerous OEMs, distributors, 
service providers, testing facilities 
and consultants (MIA, 2016a) 
Pinch and Henry (1999) describe a 
variety of factors that have led to 
the dominance of the Motorsport 
Valley®, including the external 
scale economies created by labour 
market pooling, the creation of 
specialist suppliers who enjoy an 
accelerated development cycle due 
to close proximity, and also the 
development of technological spill-
overs. In particular, the proximity of 
specialist suppliers is important to 
note, as Pinch and Henry point out 
‘few industries produce such low 
volumes of highly specialised 
products’, the fact that they are all 

accommodated within a 50mile 
radius of Oxfordshire is a 
significant contributing factor to the 
supremacy of British Motorsport. 
It would be incorrect to consider 
British Motorsport as simply being 
a collection of racing teams, in fact 
83% of the industry supply-chain is 
comprised of suppliers and 
manufacturers of components 
(Adams, 2015). Figure 1 has been 
included to contextualise the 
industry supply chain highlighting 
the portion applicable to 
manufacture.  Horizontal growth in 
the supply chain has been 
bolstered by integration between 
the private and public sectors with 
an increasing focus on improving 
productivity. Innovation is 
facilitated through the re-
investment of over 30% of total 
industry revenue back into R&D 
(UKTI, 2015). A definitive report by 
MIA into the British Motorsport 
industry highlighted the impact that 
AM could potentially have on the 
growth of the industry and its 
technology. The report concluded 
that 53% of UK based motorsport 
engineering firms recognise the 
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value of rapid development 
engineering and see an increasing 
opportunity to exploit their 
manufacturing solutions to benefit 
other industries outside of 
motorsport (MIA, 2013). 

 

 
 
 
 
 
 
 

 

Figure 1: Key Drivers in the Motorsport Value Chain (manufacturing portion highlighted in red) (adapted 

from Henry et al., 2007) 
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LITERATURE REVIEW 
 

LITERATURE REVIEW 

METHODOLOGY 
Considering that the motorsport 
industry is one of the most 
technologically advanced industries 
in the world (Beck-Burridge & 
Walton, 2000), it is not surprising 
that AM has become an intrinsic 
technique for the manufacture of 
certain parts (Sevenson, 2014). 
Secondary research in the form of 
a systematic literature review was 
undertaken with the purpose of 
gathering insights and descriptive 
statistics on environmental and 
industry data from publicly 
available information on the topic of 
interest. It is speculated that much 
of the current information is 
confidential for competitive 
reasons, therefore this literature 
review will consider the varied body 
of publicly available literature. The 
data was synthesised to aid 
definition of concepts and 
terminology relating to AM and to 
offer a new and collective 

perspective of the central themes 
of AM in motorsport. In the context 
of Hart (1998), this method can be 
termed as illuminative research for 
exploratory purposes, undertaken 
to gather a range of evidence to 
exemplify trends or behaviours that 
further understanding of the topic. 
An initial broad literature review 
was conducted to gain a 
comprehensive understanding of 
the processes and techniques 
involved in AM. The information 
gathered branched beyond the 
scope of motorsport and enabled 
the contextualisation of AM across 
a range of industries, examining all 
of the main arguments and 
variables. Upon completion of the 
broad literature review, all available 
sources relating to the specific 
process of AM in global motorsport 
were collated, and a more focused 
literature review was undertaken. 
The data were re-reviewed and 
analysed for industry-specific 
supply-chain information and broad 
recurring themes. The themes were 
then categorised into prevalent 
trends that discussed the defined 
topic of ‘AM in motorsport’.  
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Under the guidance of the defined 
topic, a systematic literature review 
was conducted using combinations 
of the following keywords to search 
available literature databases: 
Formula 1, Motorsport, Motor 
sport, British Motorsport, Racing, 
3D Manufacturing, 3D Printing, 
Additive Manufacturing, Additive 
Layer Manufacturing, Rapid 
Prototyping, OEM, Supply Chain, 
Energica, Business Model. All 
sources relating to motorsport were 
used in conjunction with these 
keywords, conscious of the 
demand that quality in a literature 
review is borne of breadth and 
depth of content (Hart, 1998).  
Initially, search engines were 
employed to identify broadly 
focused news articles, blog posts, 
company reports and industry 
reports on the subject. To support 
this broad-level research, a wide 
range of academic and industry 
publications were accessed mainly 
from specialist databases such as 
Business Source Complete, 
EBSCOhost, Factiva, Ingenta 
Connect, Marketline, ProQuest 
Business Collection, and 

ScienceDirect. In addition, 
academic books on motorsport 
and the general AM industry, 
available from the Cass Business 
School and Community libraries, 
were reviewed for relevance. Only 
English-language publications were 
taken into consideration for this 
body of work. Once filtered for 
relevance, there were 101 viable 
publications that pertained to the 
subject and were considered for 
the focused literature review. 
It should be noted that the 
focussed literature review 
concentrated on the global 
motorsport industry. This was a 
deliberate design, rather than 
confining the secondary research 
to a single region, the UK, instead 
raw data on global trends was 
collected to best inform the 
subsequent primary research.  

LITERATURE REVIEW FINDINGS 
A summary of the entire literature 
review is provided in Appendix A. 
The results of the analysis of the 
focused literature review were 
summarised into three salient 
categories that not only describe 
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the nature of the industry, but also 
the prevalent themes inherent:  

- Key technologies 
- Key companies and 

partnerships 
- Key prevailing trends 

KEY TECHNOLOGIES IN ADDITIVE 

MANUFACTURING  
AM can be generally defined as the 
process of creating and exporting 
CAD designs to a 3D-print platform 
where a tangible model can be 
created layer by layer. The category 
of AM is however comprised of a 
diverse range of technologies 
available to cater to specific 3D-
production needs. These 
technologies can be broadly 
defined in seven categories (Wray, 
2014), distinguished by heat 
source, materials, or material 
joining method. Although the 
processes and terminology used 
within the industry is ambiguous, 
this report attempts to categorise 
and coordinate them according to 
common industry terminology and 
themes apparent from industry 
literature analysis. 

Vat Photopolymerisation / 
Stereolithography (SLA) 

A bath of liquid photopolymer is 
cured layer by layer using 
ultraviolet (UV) light to build a 
durable plastic model with smooth 
surfaces and similar edge definition 
and material tolerances to its 
machine manufactured 
counterparts. Each time a layer is 
cured, the bath lowers and allows 
for the next layer of the model to be 
accurately cured (Loughborough 
University, 2016a). Support 
structures are often required to 
maintain the model integrity (3D 
Systems, 2015a). This process 
uses plastics and polymer materials 
to produce tough, durable, clear, 
castable and high-temperature 
resistant parts that are ideal for 
product design and testing, 
casting, patterns and moulds. It is a 
quick and accurate process, but 
requires support structures during 
formation and post-processing to 
achieve parts that are ready for use 
(Loughborough University, 2016a). 
Material Jetting 

This is a similar process to an ink 
jet printer, material is jetted onto a 
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build platform either by a drop on 
demand or a continuous approach, 
building the model line by line and 
curing the material using Ultra-
Violet (UV) light (Amazing AM, 
2016). Multi Jet Printing (MJP) 
represents the latest advancement 
in material jetting technology, using 
multiple jet head arrays to 
simultaneously deliver 
combinations of both the product 
and support structure materials 
with minimal waste (Grunewald, 
2016). This technique is used to 
produce a varied range of precise 
and robust final products, made 
from polymers, plastics, ceramics 
and engineered materials, which 
can be used in advanced 
prototyping, design communication 
and testing, casting, medical 
modelling and manufacturing 
applications. 
Binder Jetting 

Build material (powder) is jetted 
simultaneously with a binder (liquid) 
adhesive onto a build platform, 
effectively gluing consecutive 
product layers together as the build 
platform lowers. This process can 
involve significant post-process 

residue removal and is not suitable 
for structural parts (Additively, 
2016). Colour Jet Printing (CJP) is a 
subset of binder printing that 
produces parts from ceramic-like 
powder based materials creating 
high definition, full colour parts that 
can be sanded, drilled, tapped, 
painted and electroplated. CJP is 
ideal for producing models that are 
used in mechanical design, 
healthcare, architecture, education, 
entertainment and packaging 
applications. Binder jet printing can 
make use of materials such as 
metals (stainless steel), polymers 
and ceramics (glass). Binder jetting 
is a rapid process but can require 
post-processing to remove excess 
material (3D systems, 2016b). 
Material Extrusion 

There are three different sub-
groups of material extrusion 3D 
printing: PlasticJet Printing (PJP), 
Fused Deposition Modelling (FDM – 
trademarked by Stratasys) and 
Fused Filament Fabrication (FFF) 
(Stratasys, 2016a). All techniques 
involve material drawn through an 
extrusion print engine, heated and 
deposited layer by layer onto the 
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build platform. This process is 
designed to be affordable for 
prototyping, assembly, and 
functional testing, but it does 
however have limitations in terms 
of accuracy and speed of 
manufacture. Materials that can be 
utilised in this process include: 
Polylactic acid (PLA), acrylonitrile 
butadiene styrene (ABS), polyamide 
(Nylon) in conjunction with rinse-
away support materials (3D 
systems, 2016c). 
Powder-Bed Fusion (PBF) 

Powder-bed fusion (PBF) systems 
represent the largest category in 
AM technology and the most 
common in motorsport 
engineering. All techniques involve 
a thin layer of material spread over 
the build platform, then melted or 
fused together using either a laser 
or an electron beam (Kruth, 2016). 
This process is repeated with 
material fed from a local reservoir. 
The range of materials applicable 
to this process is diverse, ranging 
from soft to rigid plastics, to a 
number of metals and alloys with 
no support structures required. 
Finished products are 

characterised by strength and 
durability and are suitable for high 
standard parts for use in the 
aerospace, medical or automotive 
industries. The finished product is 
dependent upon the grain size of 
the input material and is regarded 
as a high power usage process 
compared to other techniques. 
Various PBF techniques are 
available to increase material 
strength and density, generally 
relying on liquid phase sintering to 
improve the homogeneity of the 
deposited material (Loughborough 
University, 2016b): 

1. Electron Beam Melting 
(EBM) is a quick and energy 
efficient process undertaken 
under full vacuum and can 
be used for metals/alloys. 
Powder is melted by the 
electron beam creating 
excellent strength properties 
due to an even temperature 
distribution during the fusion 
process.  

2. Selective Laser Sintering 
(SLS) uses a laser beam to 
melt and fuse powder-
materials. The build platform 
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is within a temperature 
controlled and nitrogen filled 
chamber to maximise laser 
efficiency and oxidisation 
respectively. 

3. Selective Laser Melting 
(SLM) Is conducted in an 
inert gas filled chamber and 
is similar and often faster 
than SLS but typically uses 
more energy to fully melt the 
materials. Differs from the 
previous techniques in that it 
uses a heated thermal print 
head to fuse the powder 
materials together.  

4. Direct Metal Printing 
(DMP)/Direct Metal Laser 
Sintering (DMLS) utilises a 
laser to fuse dense metal 
powders and alloys to 
produce high quality parts. 
Micro Laser Sintering is used 
for higher resolution 
requirements. 

Sheet Lamination 

Sheet lamination is an uncommon 
and low cost technique developed 
by Helisys in the USA (Palermo, 
2013). The technique involves the 
introduction of a laminated sheet to 

the build platform. A heated roller 
passes over the sheet to bond it to 
the adjacent layer below and a 
laser cuts the outline of the part, 
and this process is repeated until 
the part is complete 
(CustomPartNet, 2009). One of the 
main drawbacks of this technique 
is that there is a limited range of 
laminated sheet materials, available 
only in plastics or composites. 
Direct Energy Deposition (DED) 

Direct energy deposition (DED) is a 
similar method to material extrusion 
printing, the difference with DED is 
that the extrusion jet is mounted in 
a multi-axis manoeuvrable 
platform. This extra dexterity in 
material extrusion makes DED 
more suited to the repair of existing 
parts. Polymers, ceramics, and 
metal materials are provided to the 
target location in either a wire or 
powder form and melted on 
deposition using an electron beam, 
laser or plasma arc (Loughborough 
University, 2016c).  

KEY	COMPANIES	AND	PARTNERSHIPS		
This section is intended to provide 
an overview of AM applications 
within the motorsport industry, and 
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to form a basis relating to the 
supply-chain composition. A review 
of available literature identified 
twelve engineering companies that 
have active and publicly referenced 
partnerships with motorsports 
racing teams for the design or 
manufacture of AM parts. These 
companies occupy different 
positions in the supply-chain, 
offering their services in various 
ways. ‘Service bureaus’ are 
engineering companies such as CA 
Models, that are contracted purely 
to produce components to a client-
determined specification (TCT, 
2016b). Others engineers, such as 
KW Special Projects, include AM 
as a part of their range of 
production processes, undertaking 
start-end solutions for clients. 
Further to this some companies, 
such as Stratasys, actually 
manufacture AM technology, as 
well as being able to offer design-
led solutions. Twenty separate 
motorsport racing teams are 
mentioned to be supported by 
these companies for the production 
of various tests, wind-tunnel and 
race-ready parts. Of these twelve 

companies, two companies, based 
in the USA, stand as prominent 
leaders in the field of AM for 
motorsport – Stratasys Ltd and 
3DSolutions. 
Located in Minnesota, USA, 
Stratasys is a manufacturer of a 
range of 3D-printers and 
production systems, with a focus 
on Material Extrusion technology, 
primarily Fusion Deposition 
Modelling (FDM) (Stratasys, 2016b). 
Based on publicly available 
information it is apparent that 
Stratasys is involved in at least 
seven motorsports partnerships, 
most notably a prototyping project 
for Aston Martin Racing and a final 
production project for Ducati. The 
common theme in all the Stratasys 
projects is the proven ability to 
significantly reduce production 
time. 
Similarly, 3D Systems, which is 
located in Rockhill, South Carolina, 
are a manufacturer of 3D-printers 
and provider of 3D-solutions (3D 
Systems, 2015d). 3D systems offer 
a range of technologies including 
SLA, PBF, Material Jetting and 
Binder Jetting. The company has 
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formed public partnerships with 
five international motorsports 
companies, including Sahara Force 
India, Renault F1 and English 
Racing, engineering both prototype 
and race ready parts.  
The common theme among the 
twelve engineering companies is 
that they are all independent 
manufacturers that have entered 
into formal partnerships with 
motorsport companies to produce 
low-volume, complex-design, 
prototype and race-ready parts. 
Table 1 below lists these 
companies including details of the 
projects and the technology 
utilised: 
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Table 1: Summary of AM Engineering Companies Involved in the Global Motorsport Industry 

AM Company Technology supplied Motorsport or OEM 
partner company 

Service 

Stratasys – 
American global 3D 
printing and AM 
supplier. Supplier of 
AM printers to other 
companies 

FDM Material extrusion 
– Dimension 3D printer 

Aston Martin Racing 
(British auto-racing 
team) 

AM was used to prototype the chassis, driver 
controls and engine assisting the team to develop a 
race ready car in under 6 months (Stratasys, 2011) 

  FDM Material extrusion 
Fortus 400mc 3D 
Production System and 
Fortus 250mc 

Dash CAE (component 
OEM) 

FDM technology is used for a range of vehicle parts 
as a method to reduce production lead time and 
cost. 
Using FDM 3D printing materials, Stratasys cut 
prototyping, tooling and end-use part lead times by 
83% (Engine Technology International, 2016) 

   - Lamborghini (Luxury 
automotive brand) 

Thermoplastic parts produced for the Lamborghini 
Aventador (Stratasys, 2015) 

   - Triple Eight Race 
Engineering (Australian 
V8 Supercar 
competitor) 

3D printing used to increase the complexity and 
repeatability of prototypes (Stratasys, 2016c) 
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  FDM Material extrusion Stewart-Haas Racing 
(NASCAR) 

Reduction of machine time and expense  (Stratasys, 
2016d) 

  FDM Material extrusion 
– Fortus 3D printers 

Ducati (Italian MotoGP 
race team) 

Desmosedici racing bike engine production reduced 
from 28 months to 8 months using FDM technology 
(Stratasys, 2016e) 

  FDM Material extrusion Joe Gibbs Racing 
(JGR) (NASCAR) 

Polycarbonate Digital ABS dashboards produced to 
meet race specific conditions (Stratasys, 2016) 

Zortrax – Polish 3D 
printer 
manufacturer 

 FDM – M200 Printer Zortrax Shell Eco 
Marathon vehicle (Shell 
challenge competitor) 

AM used to reduce the weight of propulsion 
transmission system (Zortrax, 2015) 

Evok3D – Australian 
3D printing 
company 

 MJP – ProJet 3500 
HDMax printer 

Nissan Motorsports 
(Australian V8 Supercar 
competitor) 

Accelerated production of Gurney flaps and driver 
cooling system (3DSystems, 2016e) 

3D Systems – 
American 3D 
products, services 
and printer provider 

SLA/SLS Confederate Motors 
(USA automotive 
manufacturer) 

AM accounts for the majority of  prototypes and 
working production parts for the P51 Combat Fighter 
motorcycle facilitating overall product development 
acceleration (3D Systems, 2016f) 

 SLS General Motors 
Australia (USA 

The Buick Avenir prototype was produced using 3D 
systems SLS technology to accelerate product 
delivery (3D Systems, 2016g) 
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automotive 
manufacturer) 

 SLA Renault Sport F1 
(French F1 competitor 
– previously Lotus F1) 

SLA technology used for product prototyping and 
wind tunnel testing to enhance production turn-
around times (3D Systems, 2016h) 

 - Sahara Force India 
(Indian F1 competitor) 

The partnership allows Sahara Force India to take full 
advantage of their wind tunnel testing capacity and 
pioneer new full-scale manufacturing opportunities 
using 3D Systems' AM technology (3D Systems, 
2016i) 

 SLA English Racing 
(motorsport 
engineering company) 

Metal Technology 3D printing was used for a specific 
pulley part on the Mitsubishi Evo to reduce lead time 
and provide a working part at a fraction of the 
conventional engineering cost  (3D Systems, 2016j). 

InfusionTech – AM 
company, 
specialists in 3D 
printing post-
processing 
technology 

CJP – ProJet 660 
Printer + infusion 
machine 

Vauxhall Motors  (UK 
automotive 
manufacturer) 

Key new underbody parts were prototyped using 
Gypsum material for accuracy and strength over 
conventional materials (3D Systems (2016k)). 
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RePro3D – 
Spanish3D printing 
company 

 SLS/SLA Koenigsegg  (Swedish 
automotive 
manufacturer) 

Used SLS and SLA technology to create polyamide 
and resin material car seats for the Koenigsegg 
Agera One (Raconteur (2014)). 

EOS – German 
provider of 3D 
products and 
services 

SLS – INT 760 3D 
printer 

Williams Martini Racing 
Team 
(UK F1 competitor) 

Three year technical partnership to provide multiple 
Alumnide and carbonmide materials products 
(Williamsf1, 2015). 

Graphite Additive 
Manufacturing – 
British 3D printing 
manufacture and 
consultancy 

SLA and SLS Bloodhound SSC 
(World land speed 
record competitor) 

Carbon fibre reinforced parts for high stiffness-to-
weight ratio including ducts, covers and brackets 
(Graphite-am (2016)). 

KWM (KW 
Motorsport)/KWSP 
(KW Special 
Projects) – British 
motorsport 
engineering 
company 

FDM Strakka racing team 
(British endurance 
racing team)  

The Strakka race car door was re-designed for FIA 
approval. KWM were chosen for their high 
performance and quick turn around time. Lightweight 
titanium alloys were used for the process (Strakka 
Racing. (2016)). 

3D Parts Limited – 
British 3D printing 

SLA Toyota Motorsport 
GmBH (TMG) 

The two companies are partnered on a technical 
facility that includes ten SLA machines to produce a 
multitude of parts (3DPartsLtd (2013)). 
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manufacture and 
consultancy (auto/motorsport 

testing and 
development facility) 

Renishaw – British 
engineering and 
technology 
innovator 

PBF Bloodhound SSC 
(World land speed 
record competitor) 
TransFIORmers 
(French Moto2 race 
team) 

Titanium alloy nose cone manufacture using 
complex surfaces of +/-50µm to contribute to 
aerodynamics (plc, R. (2016)).  
MotoGP suspension system that saved 40% in 
overall system weight (Renishaw, 2016) 
 

CA Models – 
Scottish 
engineering 

SLA/SLS/FDM/MJP Undisclosed F1 team Double water inlet/outlet components built to 
improve strength to weight ratio (CAModels, 2016) 

Unknown supplier  - Caterham – (Malaysian 
F1 competitor) 

Caterham owns two 3D printing machines used to 
speed up and reduce the cost of its design process 
for wind tunnel tested 60% scale prototypes 
(3dprinting (2016)). 

Unknown supplier  - Red Bull Racing – 
(Austrian F1 
competitor) 

 Production of a variety of parts for prototype 
purposes in order to save money over conventional 
engineering (3D Printing Industry (2014)). 
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KEY TRENDS OBSERVED IN 

ADDITIVE MANUFACTURING FOR 

MOTORSPORT 
The most critical objective of the 
literature review was to collate 
information to identify salient 
trends relating to AM in motorsport. 
The intention was to provide an 
informed and comprehensive 
perspective of what facets are 
having the most significant impact 
on the industry. This research 
would provide a basis for the 
survey and interview questions in 
the primary research phase. In a 
broad sense, the two primary areas 
of interest were scrutinised when 
analysing the data for key trends; 
redistributive manufacturing and 
technological innovation. A semi-
quantitative approach was taken to 
infer the prevalence of each trend 
by counting the recurrence of the 
trends mention throughout all one-
hundred-and-one sources. After 
the review was completed nine 
areas of interest were prevalent in 
the research: 

LEAD	TIME	REDUCTION	

The most prominent trend, 
recognised in forty-three out of 
one-hundred-and-one articles, 
describes how AM is enabling 
motorsport companies to  
 
produce certain components with a 
reduced lead and production time. 
Often, this comes as a result of a 
reduction in the number of 
processes involved in the 
fabrication of a certain part, or an 
actual reduction in the number of 
components that comprise a 
working part. AM is often able to 
create a single monolith, whereas 
previously it may have been 
necessary to fabricate several 
components for the same part 
(Cohen et al., 2014). The ability to 
accelerate component testing 
phase is of great value in the time-
pressured sphere of motorsport. 
Stewart-Haas Racing, a NASCAR 
Sprint-Cup Series champion race 
team, is an example of a 
motorsport company that has 
successfully used AM to 
significantly reduce lead time 
(Stratasys, 2016). Further time 
savings are derived from a race-
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team’s ability to download and 
print parts on demand, reducing 
the supply time from service 
bureaus to the end-consumer 
(Williams, 2016). 

PROTOTYPING	
The rate of adoption of AM 
techniques across all industries has 
increased dramatically since its 
inception (Serlenga and Montaville, 
2015) with the industry value 
tripling to over USD$7 billion since 
2012 (Columbus, 2015). Despite 
this, the literature suggests that 
very few end-use parts are 
manufactured, with motorsport 
companies predominantly using 
AM for modelling, prototyping, 
testing and wind-tunnels 
aerodynamic analysis (Celada, 
2015). This trend was identified in 
twenty-four out of one-hundred-
and-one articles reviewed. In an 
industry where prototyping and 
testing is crucial, faster and 
cheaper prototyping has many 
positive implications. For example, 
the Lotus F1 team (now defunct 
and rebranded as the Renault F1 
team) found that they were able to 
produce and test more parts, 

supplying more data, used as 
critical feedback to improve the 
car’s performance (Higginbotham, 
2013). Before the team adopted 
wide scale 3D-printing, they were 
producing approximately 600 parts 
per week, but by the end of their F1 
tenure, they were producing 
thousands per week, highlighting 
the benefit of producing prototypes 
at a cheaper and faster rate. 
Reduction in costs 

In many scenarios, a reduction in 
production lead times is correlated 
to a reduction in overall marginal 
production costs. Cost benefits of 
AM compared to conventional 
forms of manufacturing are noted 
in twenty-seven articles reviewed. 
These costs benefits can also be 
realised through the ability to 
produce parts in a more cost-
effective manner, either through the 
reduction of materials or a 
reduction in the complexity of the 
fabrication process. Caterham 
Racing purchased two 3D printing 
machines which saved the 
company £67,000/month up until 
the company’s sale and retirement 
from F1 in 2014. These machines 
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were used to accelerate 
component testing, permitting the 
team to achieve final race-ready 
parts earlier in the operational 
schedule (Autosport, 2015).  

PRODUCTION	OF	LIGHTER	AND	MORE	

GEOMETRICALLY	COMPLEX	COMPONENTS	
A key advantage of AM, mentioned 
in sixteen articles, is the ability to 
produce lighter and more complex 
forms – compared to conventional 
subtractive manufacturing. CAD 
modelling allows parts to be 
designed to the micro-level with far 
greater detail when compared to 
traditional fabrication techniques. 
For instance, parts manufactured 
for the Bloodhound SSC land-
speed record project have 
benefited aerodynamically from 
lasers offering production 
accuracies of ± 50 µM (3D 
Systems, 2016). The increase in 
complexity and accuracy offered 
by AM has given rise to a new 
wave of innovation and 
customisation, as companies strive 
to gain an advantage in a highly-
competitive industry (Celada, 
2015). 

WASTE	MATERIAL	REDUCTION	
One fundamental difference 
between AM and subtractive 
manufacturing is the amount of 
material that is used. Subtractive 
manufacturing commences with a 
block of material which is reduced 
into its intended form, conversely 
AM builds the final form layer by 
layer and as such is a far more 
economical method of material use. 
Eight out of one-hundred-and-one 
articles cite the advantages of 
waste reduction leading to further 
cost reductions (Gibson, Rosen 
and Stucker, 2010). However, it 
should be noted that AM cannot 
wholly be considered a more 
environmentally friendly alternative 
to subtractive manufacturing 
techniques since certain processes 
such as PBF require large amounts 
of energy (Loughborough 
University, 2016b). 

DECENTRALISATION	AND	OPTIMISATION	

OF	THE	SUPPLY	CHAIN	
Another key finding is that the use 
of AM can decentralise and 
optimise the supply-chain, with 
fourteen articles highlighting the 
latter benefits. Firstly, it can allow 
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for faster product innovations 
(Cassaignau, 2016) and enhanced 
design freedom (Positioning Paper: 
The Case for Additive 
Manufacturing, 2015; Grainger & 
Worrall, 2014). Furthermore, the 
increased manufacturing flexibility 
(Department for Business, 
Innovation and Skills, 2015) fosters 
greater collaboration between 
designers and customers (Micro 
Concepts, n.d.), as designers can 
make corrections to the CAD file 
and print the model on demand. 
With the ability to print locally (on-
site) on demand, the supply-chain 
has the potential to be significantly 
shortened (KWSP, 2014; Print 
Heads, 2015). Martindale (2014) 
warns that companies have to be 
cautious of how they set up their 
supply-chains and to take into 
account the fact that redistributive 
manufacturing in response to AM 
could contribute to redundancies in 
some areas (Martindale, 2014). 
There are also examples of 
components that comprise multiple 
traditionally manufactured parts 
being superseded by a single-part 
revision made using AM; in these 

instances, unnecessary supply-
chain steps have been optimised 
saving time and cost (Haines, 
2015).  

SHIFT	FROM	TANGIBLE	TO	INTANGIBLE	
(DIGITAL)	INVENTORY		
Four sources have mentioned that 
in certain scenarios physical 
inventory is unnecessary with AM, 
since parts can be printed locally 
and on demand (Smith, 2015). As 
previously mentioned the AM 
process requires CAD systems and 
software to design articles ready 
for 3D printing. The proliferation of 
AM technology, due in part to the 
compact nature of the technique 
involved, has created an increase in 
the trade of intangible designs. 
Where previously a physical model 
or component may have been 
created by a service bureau and 
shipped to the motorsport race 
team, these same bureaus are now 
often solely supplying CAD designs 
ready for printing on site by the 
race team itself (Beeler, 2012). 
Storing parts in a digital format also 
means a reduction in warehousing 
and inventory costs, as well as a 
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cheaper and shorter transportation 
process (Martindale, 2014).  

INTELLECTUAL	PROPERTY	AND	CYBER	RISK	
ISSUES		
While the shift to CAD inventory 
reaps many operational benefits, it 
raises a concern for Intellectual 
Property (IP) and the risk of cyber-
crime. This is especially important 
in an industry such as motorsport 
where there is a culture of 
confidentiality (Allen, 2015). Two 
articles have highlighted the 
potential issues regarding IP laws 
where a company or competitor 
can print an object without 
consideration for trademarking and 
copyright (Fascia Graphics Limited, 
2014). Williams (2016) also reported 
that there will be an increasing 
need to manage data files and 
protect data designs because 
digital files are more vulnerable to 
piracy and hacking.  

LIMITATIONS	FOR	COMMERCIALISATION	
Although many sources from the 
existing literature have highlighted 
the benefits of AM in the 
motorsport industry, eight of them 
have highlighted the limitations for 

commercialisation due to material 
properties and technology high 
costs and slow speeds. Five out of 
the eight articles have expressed 
concerns regarding the strength, 
durability and integrity of the 
materials used in the AM process 
(Chavez, 2014; Newman, 2014; 
Todd, 2015; Sætre, 2013; Cooper 
et al., 2012). If the material cannot 
withstand the load-bearing 
trackside pressures, then AM is 
likely to be restricted to 
prototyping, ultimately limiting its 
impact on the motorsport industry.  
Reliability and repeatability of 
production could also be limiting 
the commercial application in both 
the automotive and motorsports 
industries with concerns that AM 
products cannot withstand the 
same fatigue tests as subtractive 
manufactured materials (Gao et al., 
2015). A further argument is that in 
some scenarios AM is unsuited to 
mass production’s larger volume 
runs due to the size limitations of 
the current technology and the 
machine costs when compared to 
simpler and less technologically 
advanced traditional fabrication 
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techniques (MWP, 2015). Despite 
these concerns the low volume 
nature of the majority of 
components in the motorsport 
industry makes AM a suitable 
technique in many cases (UKTI, 
2015).  

LIMITATIONS OF LITERATURE 

REVIEW METHODOLOGY 
Whilst the literature review provides 
a robust representation of AM in 
the motorsport industry, it must be 
taken into account that the industry 
is confidential in nature and many 
companies will not publicly 
disclose information for competitive 
reasons. This suggests that the 
publicly available data is 
incomplete and companies might 
be using AM in many more ways.  
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QUANTITATIVE 

SURVEY  
 

SURVEY METHODOLOGY 
With consideration for the large 
number of individual companies 
involved in the motorsport industry, 
it was decided that a structured 
survey represented the most 
appropriate instrument to gather 
primary data. The aim of the survey 
was to collect data to corroborate 
and supplement the findings of the 
literature review. As 
aforementioned, as an epitome of 
innovation and technology-based 
environments, the motorsport 
industry remains highly competitive 
and confined to strict confidentiality 
requirements. As such, where the 
main purpose of this study is to 
investigate the strategic and 
behavioural implications of AM on 
British motorsport – in terms of 
competitive advantage – the 
employment of an online survey, as 
it ensures respondent anonymity, 
was deemed most appropriate for 
the collection of internal industry 

insights. The process of 
quantitative data collection was 
conducted in two phases. Initially, 
the quantitative data collection 
process was initiated in August. 
However, after taking into account 
the potential for low response rates 
– due to the summer motorsport 
“shutdown” period – the 
researchers decided to undertake a 
second round of survey distribution 
in the October. 
The survey was structured so that 
responses would be analysed to 
quantitatively support the salient 
themes of AM’s impact on 
motorsport, identified in the 
literature review. The survey was 
delivered in the form of a self-
administered questionnaire, with 
the purpose explained and the 
respondent left to complete the 
survey in an unadulterated 
environment so as to reduce 
interviewer bias. According to 
Fowler (2014), the survey should be 
designed in such a way that non-
response biases are minimised and 
an optimal number of individuals 
respond of their own volition. 
Where a survey such as this one 
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deals with an individual’s 
perceptions, it is important to 
cross-correlate these opinions with 
the opinions of other respondents, 
referred to as ‘triangulating 
responses’, to confirm that they 
indeed represent a credible theme 
(Englander, 2012). For this reason, 
the survey was designed for ease 
of response in order to gain the 
maximum level of responses and 
thus increase the credibility of 
analysis. To ensure replicability and 
comparability, the survey issued to 
all respondents was a standardised 
questionnaire, broken down into 
three main sections: 

1. Introduction and personal 
information 

2. Perceptions of AM in 
Motorsport 

3. Behavioural risk-taking 
analysis 

The specification for the main 
survey questions was drawn from 
the analysis of salient themes 
evident during the literature review. 
Survey questions were concise and 
phrased using simple terminology, 
with careful emphasis not to 

include bias in the form of double-
meanings, double-negatives or 
unintended offence. All sections 
were prefaced with a clear 
explanation of their intent. It was 
important to minimise all bias to 
prevent leading the respondent in 
any particular direction 
(Oppenheim, 1992). 
To increase survey comparability, 
closed questions with pre-coded 
answer categories were used 
where suitable, as they are easier 
and quicker to answer compared to 
open-ended qualitative questions, 
and allow for quantifiable 
assessment of the answers to pre-
coded categories (Corbetta, 2003). 
Questions were sequenced in a 
sensible format to encourage an 
unimpeded answer flow through 
the survey. The main survey bulk 
was also complemented by a 
behavioural section. The aim here 
was to explore the main trends 
connected to the adoption of 3D 
manufacturing and understanding 
more on the behavioural features of 
managers and executives facing 
decision-making in the adoption of 
3DP. For the behavioural aspect, 
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we used an adapted version of the 
Weber, Blais, & Betz (2002) scale, 
which is a well-known 
psychometric scale able to assess 
risk- taking in domain specific 
situations. Our overarching scope 
was to identify a set of cues able to 
explain firms’ technological 
enablers and barriers of additive 
manufacturing. Further we included 
a PANAS (Positive Affect Negative 
Affect Schedule) mood-scale 
approach (Watson et al., 1988) to 
control for emotional influences in 
the participants’ responses.  The 
full survey questionnaire and pre-
face email can be found in 
Appendix B.  

PROCEDURE 
The complete survey was 
transcribed into Qualtrics market 
research software. This provided a 
user-friendly interface and allowed 
for a simple URL to be copied into 
emails to respondents. To increase 
the credibility of the survey, it was 
initially distributed via the 
Motorsport Industry Association 
(MIA), the largest global trade 
organisation for motorsport (MIA, 

2016b). Responses were also 
incentivised by the offer to access 
the final report’s research findings, 
in addition to an invitation to the 
research team’s concluding event. 
It is suggested by Oppenheim 
(1992) that incentives are correlated 
with a higher rate of response. Of 
the nearly four-hundred global MIA 
members, the survey was 
distributed to a focused list of one-
hundred and seventy-five contacts 
representing the segments of the 
supply-chain with some potential 
AM involvement. Distribution 
occurred on the 2nd of August 2016. 
In order to increase the survey 
response rates, the researchers 
decided to contact potential 
respondents by call, so as to gauge 
respondent interest and fully 
explain the purpose of the study. 
Using the MIA member list as a 
foundation, the researchers 
composed a contact list of 
potential survey respondents, 
further employing publicly available 
secondary data (websites, web-
based publications, directories) to 
refine the list so as to include solely 
manufacturing actors of the British 
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motorsport value-chain. The list 
encompassed one hundred and 
one companies involved in the 
latter segment (such as Original 
Equipment Manufacturers, third-
party parts suppliers, distributors). 
Between October 27th, 2016, and 
November 8th, 2016, calls were 
made to the aforementioned 
companies in order to initiate 
contact with potential respondents. 
They began with an introduction of 
research project and the 
collaborating academic institutions, 
delineating the purpose of the 
study and explaining the 
importance of their contribution, 
followed by an invitation to take 
them through the survey on the 
phone – and ensuring the 
anonymity and aggregation of 
responses. This enabled the 
researchers to gather contact 
details of relevant employees (i.e., 
those involved in R&D), who were 
then contacted directly via email 
following a colleague 
recommendation. Follow-up calls 
and LinkedIn messages also 
complemented communication 
with potential survey respondents. 

Data were collected with the help 
of research assistants, who were 
purposively employed for this 
project. Data were securely stored 
and anonymized throughout (unless 
when we were granted explicit 
permission to name individuals and 
companies). The entire project 
received the Ethical Approval for 
Business Research Projects at City 
University London, the principal 
partner in this scoping project. 

RESULTS AND ANALYSIS 
A total of thirty-two responses were 
recorded, of which 52% reported 
the use of in-house 3D-Printing. 
Respondents included Original 
Equipment Manufacturers, third-
party parts suppliers, motorsport 
companies, an automotive design 
company, and one high-
performance engineering 
consultancy company. While 80% 
of respondents reported that their 
company allocated over 21% of 
their budget to R&D, 70% reported 
that the proportion of their 3D-
Printing budget was between 0 and 
20%. Regarding companies’ 
adoption of AM, responses ranged 
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between the years 2006-2015; 
however, the survey did find two 
“early adopters” of AM 
technologies (1988 and 2000). 

APPLICATIONS 
In terms of the applications of 3D-
Printing R&D, analysis of the survey 
results strongly supports the 
findings of the literature review, in 
revealing that prototyping remains 
the prominent application of AM. 
As shown in Figure 2, 80% of 
respondents currently employ AM 
for prototyping purposes – with 
100% of respondents affirming it 
was also their intended application 
prior to the adoption of AM 
technologies.  
However, contrary to the literature 
analysis, findings also reveal that 
50% of respondents do employ AM 
for the manufacturing of end-use 
parts, thus suggesting a positive 
outlook for the manufacturing of 
final 3D-printed parts. Pertaining to 
the specific nature of 3D-printed 
parts, responses ranged from 
“nose, wheel, ducting,” “oil, pipes 
and baffles,” to “automotive 
components” and “Models of 

machines,” thus unveiling no 
significant response pattern – 
attributable to the high 
specialisation of British motorsport 
manufacturing companies. When 
inquired about the proportion of 
3D-printed parts found in the final 
product, 70% of respondents 
declared a range of 1-20%, and 
20% of respondents stated a 61-
80% share. While this is not 
significant enough to affirm the 
prevalent use of AM for final parts, 
results reveal a superior usage of 
the latter than for wind-tunnel 
testing or tooling applications – 
thus suggesting that AM may have 
a more significant impact on 
motorsport manufacturing than the 
collected literature puts forth.  
While the survey responses were 
purposely coded on the basis of 
the literature review’s findings – 
thus confining certain responses to 
pre-coded categories – the survey 
also allowed for open responses if 
respondents did not align to the 
latter categories (i.e., in the form of 
“other, please specify”). Results 
revealed another AM application, 
which did not emerge from the 
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literature review: the use of AM for 
jigs and fixtures, which can be of 

great value for the optimisation of 
production processes. 
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BENEFITS 
When inquired about the factors 
that motivated companies’ 
adoption of AM, respondents 
stated “most important” reasons as 
being the provision of a competitive 
advantage, as well as the ability to 
create complex structures, as 
shown in Figure 3. The “least” 
important reason was stated by 
40% of respondents as technology 
novelty. On the other hand, once 
AM had been adopted within the 
sample companies, 50% of 
respondents stated that the “most 
important” benefit was the 
structural complexity 3D-Printing 
endowed, as depicted in Figure 4. 
In an intensively competitive and 
high-performing environment such 
as motorsport, an increase in 
manufacturing complexity and 
accuracy can be regarded as a 
basis for competitive advantage in 
and of itself. However, while 70% 
of respondents agreed on the 
statement  

 
that AM reduces waste, and uses 
less material – encompassing 
“definitely agree” and “slightly 
agree” responses, see Figure 5 – 
40% of respondents still declared 
that the “least important” benefit of 
AM pertained to its cost saving 
potential.  
Over and above the construction of 
complex parts, 50% of the 
respondents stated they “definitely 
agreed” with AM’s ability to reduce 
production lead time – see Figure 
5. As such, not only does it enable 
an increase in the accuracy of the 
manufacturing process, but also 
entails the latter’s optimisation. As 
aforementioned, in the singular 
motorsport industry – characterised 
by intense technology-based 
competition – optimal 
manufacturing – with regards to 
both quality and time – can greatly 
contribute to the competitiveness 
of specialised suppliers. 
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CHALLENGES AND CONCERNS 
While survey respondents seem to 
concur on the potential of AM to 
bring greater value – in terms of 
manufacturing optimisation, greater 
component complexity etc. – they 
also seem to concede on one 
dominant concern, revolving 
around the balance, or lack thereof, 
of costs and benefits of AM. 
Indeed, while 60% of the survey 
sample disagreed with the concern 
over the uncertainty of AM’s true 
benefits, 50% also agreed with the 
statement “the costs may not 
outweigh the benefits.” In terms of 
unequitable benefits, this prevalent 
concern can be further understood 
with regards to 60% of 
respondents confirming they 
“definitely disagreed” with the 
statement that AM satisfies all 
production needs, as shown in 
Figure 5. Additionally, when 
inquired about the “ease of 
recruitment” of the necessary 
skilled labour, 60% disagreed on 
the latter’s accessibility. This 
concern is also corroborated by the 
50% share of respondents 

agreeing on the concerning need 
for additional specialised talent, as 
depicted in Figure 6. This finding 
adds a layer of depth to the 
understanding of AM “costs” 
versus benefits. 
As such, while AM allows 
manufacturing companies to create 
high-quality parts, the significant 
production costs associated with 
such technologies may reduce the 
cost-effectiveness of AM, 
especially for specialist suppliers 
who produce low volumes. As 
aforementioned, while a substantial 
benefit of AM is its potential to 
reduce production lead time, it 
seems that the latter is not 
sufficient in and of itself to 
significantly decrease marginal 
production costs – contrary to the 
findings of literature review. Even if 
AM holds the potential to replace 
certain hand-crafted processes of 
complex parts, AM operations 
require specialised labour in and of 
themselves. Combined to high 
fixed costs and low production 
volumes, results show that the 
benefits of AM are not substantial 
enough to significantly alter the 
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structure and locus of the 
motorsport value-chain. However, 
it seems important to point out 
that, despite the findings of the 

literature review, only 30% of 
respondents conveyed concern 
over IP security and quality issues. 

 
 

BEHAVIOURAL ANALYSIS AND 

RESULTS 
In order to unpack further these 
insights, we proceeded to a 
behavioural analysis. The aim here 
was to explore the main trends 
connected to the adoption of 3D 
manufacturing and understand 
more on the behavioural features of 
managers and executives facing 
decision-making in the adoption of 
3DP. The pilot survey returned 21 

completed questionnaires (4 
Females; 17 Males). Because of the 
scoping nature of this project, we 
sought to explore whether the 
adoption of 3DP was associated to 
the risk-taking behaviour of a 
company’s manager and/or 
executive. We grouped the 
respondents into the categories of 
high risk-takers (n=6) and low risk-
takers (n=15); we then tested the 
significance of the contingency 
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between the adoption of 3DP and 
the risk-taking behaviour of 
managers (Table 2). Indeed, the 
literature in the behavioural 
sciences suggests that risk-taking 
represents a key enabler for 
individuals responding to situations 
of environmental and organizational 
complexity (e.g., March & Shapira, 
1987). We hypothesized that the 
proportion of those respondents 
who adopted 3DP for their 
companies is higher amongst those 
higher in risk-taking than amongst 
those lower in risk-taking. The 
difference of the proportions 
observed was indeed extremely 
statistically significant (Table 2; 2-
tailed P= 0.0005; at <.05). 

LIMITATIONS OF QUANTITATIVE 

SURVEY METHODOLOGY 
The main limitations pertaining to 
the quantitative survey revolves 
around the low-response rate. 
Fowler (2014) outlines three areas 
of limitation corresponding to non-
response in surveys; respondents 
that the survey does not reach, 
respondents who refuse to respond 
and respondents who do not have 

the capability to respond according 
to the task. To minimise these 
risks, distribution via the MIA was 
anticipated to cover a wider cross-
section of the motorsport industry 
than any alternative industry body 
would be able to reach, further 
complemented by one-to-one 
communications (via calls and 
emails) to sensitise potential 
respondents to the research study. 
Secondly, the behavioural section 
included some questions that could 
be construed as sensitive to the 
respondent, hence, these 
questions were included at the end 
of the survey, accompanied by an 
assurance of anonymity and 
prefaced with a suitably clear 
explanation of their purpose. In this 
respect, our preliminary 
behavioural findings shall however 
be seen in light of their intrinsic 
limitations (i.e., small sample size, 
group-splitting approach, and 
scoping nature of the research 
question).  Due to the very limited 
sample size we were not able to 
draw reliable inferences on the 
possible role of emotional 
influences in the respondent’s 
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behaviour as measured by the 
PANAS scale. Therefore we were 
forced to exclude these data from 
our analyses. Lastly, it was 
anticipated that the simplified 

language, in conjunction with 
closed-format structure, would 
facilitate a capable response from 
most involved.  
 

 

 

Table 2: Contingency Table of Executives’ Behaviour (High/Low Risk-Takers) by Outcome (Adoption of 

3DP) 

Outcome/Groups Low Risk-
Takers  

High Risk-
Takers Total 

Adopted 3DP 2 6 8 

Non Adopted 3DP 13 0 13 

Total 15 6 21 
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QUALITATIVE 

INTERVIEWS 
 

INTERVIEW METHODOLOGY 
The purpose of qualitative 
interviews is to understand the 
subjects’ perception, to 
learn their terminology and 
judgments, and to capture the 
complexities of their individual 
experiences (Patton, 1990). 
Patton’s assessment highlights the 
importance of gathering primary 
qualitative research in the field of 
motorsport AM to complement the 
quantitative research portion of this 
study. As such, a series of 
interviews were conducted with 
expert informants, who were 
perceived to be highly educated 
with regards to the impact of AM in 
the motorsport industry. The aim of 
these interviews was to acquire 
empirical data to provide in-depth 
insights into the perspectives of 
these professionals, and further 

delve into the salient themes 
formed during the literature review 
stage of this research body. 
Oppenheim (1992) states that 
interviews provide a richer and 
more spontaneous base of 
information compared to surveys 
and offer the opportunity to clarify 
any ambiguous responses. 
Collaborating the interview data 
with the literature review and 
survey is intended to form a 
comprehensive analysis analysing a 
range of views on AM trends in 
motorsport. 
Englander (2012) described 
qualitative interviews as 
phenomenological human scientific 
research, that being an entirely 
subjective experience related in this 
case to the human phenomenon, or 
in specific terms an interaction with 
AM in the motorsport industry. As 
such conducting interviews is not a 
clear-cut process; in fact, it 
involves many psychological 
facets, including interpersonal skills 
on the part of the interviewer, and a 
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range of interviewee limitations, 
such as impositions to their ability 
to provide complete responses, 
propensity for embellishment or 
even lack of opinion (Bryam and 
Burgess, 1994, Flinders, 1997, 
Hogan et al., 2015). Considering 
these limitations, it was decided to 
undertake a semi-structured 
interview process, using a formal 
set of pre-prepared questions to 
guide the interview but allowing 
fluidity in clarification and deviation 
from these questions to ensure that 
the respondents full perspective is 
conveyed (Fontana and Frey, 
2006). The format of the semi-
structured interview is included as 
Appendix C. 
When considering the survey 
population, there was cognisance 
of the fact that perfect random 
sampling was not possible, and 
therefore the aim was to represent 
industry views by selecting 
professionals perceived to be the 
most erudite in their fields. This 
approach is consistent with that 
outlined by Corbetta (2003) using 
interviewer judgment to increase 
the chance of including 

interviewees with relevant 
knowledge and experience. Using 
the literature review as a 
foundation, a list of one-hundred 
and two interview target contacts 
was composed, encompassing 
what was perceived to be all angles 
of perspective on the motorsport 
industry. The contact list included 
heads of engineering companies, 
race-teams, research centres, 
academia and governing bodies 
with the presumption that all target 
contacts were sufficiently informed 
on the AM phenomena in 
motorsport so as to offer a 
constructive opinion on it.  
To validate the data, triangulation 
techniques, similar to those 
considered for the quantitative 
survey, were used incorporating 
views from independent 
respondents to confirm 
consistency (Englander, 2012). 
Kvale (1994) described how the 
sample size for interviews is not 
relevant due to the qualitative 
nature of the technique, suggesting 
instead that as many subjects as 
possible should be interviewed to 
understand the subject. By heeding 
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this advice, it was determined to 
interview as many relevant 
respondents as would agree to 
participate. Despite this, themes 
were catalogued during the course 
of the interviews and it was noted 
that there was a distinct ‘saturation 
point’ after which no new themes 
emerge (DiCicco-Bloom and 
Crabtree, 2006). 
An initial email with a clear 
explanation of the interview 
purpose was sent to respondents 
to gain access, build rapport and 
reduce response limitations 
associated with unsolicited 
interviewing. The semi-structured 
interview was based on a pre-
determined list of questions based 
on salient themes that emerged 
from the literature review. To avoid 
creep from the topic of interview 
scope the purpose of the interview 
was kept at the forefront at all 
times. [Giorgi, 2009]. As described 
by Corbetta (2003), in order to 
probe a respondent further and 
optimise the amount of data 
returned, five key steps were 
utilised: repeating the question, 
repeating a summarised version of 

the answers, encouraging and 
expressing interest, pausing to 
elicit confidence and also 
requesting the respondent to 
elucidate.  The interview was 
terminated when the desired 
amount of data has been retrieved. 
All interviews were recorded and 
later transcribed in full. The 
transcribed data was reviewed for 
obvious themes amongst the 
respondent’s perceptions. The 
themes were listed and distilled 
further into sub-categories, an 
example is the ‘benefits’ theme 
which had various sub-categories 
including ‘design’ and ‘speed’. 
Once these themes were 
determined the transcripts were re-
analysed to identify key quotes that 
included code words, repetitive 
nouns and adverbs that were 
related to the theme and described 
it clearly (DiCicco-Bloom and 
Crabtree, 2006). An example of a 
code word is ‘expensive’, one of 
four code words in the ‘cost’ 
perception sub-category that 
comes under the theme 
‘limitations’.  The prevalence of the 
code words acted as a semi-
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quantitative indicator of the 
strength of theme providing a basis 
for conclusions to be drawn 
(Griffee, 2005).  
It is important to recognise the 
limitations of interviews as a part of 
this body of research. As 
discussed, interviews demand 
subjective data from the 
respondents, but this data can be 
influence by the withholding of 
information or personal bias by the 
interviewee preventing their full 
interaction in the process 
(Oppenhiem, 1992). It is also 
possible that the interviewer does 
not have sufficient rapport with the 
respondent to place them at ease 
to deliver a full response. For these 
reasons, replicability is not 
distinctly achievable and all data 
should be treated as a qualitative 
matter of opinion to enhance the 
quantitative data collected during 
the survey phase. The final 
consideration is that of a mis- or 

under-representative survey 
population, however, there were 
measures put in place to avoid this 
such as choosing and contacting a 
broad spectrum of respondents, 
representative of the industry, to 
participate in the interview process. 

LIST OF RESPONDENTS 
In total twenty-three industry 
experts agreed to take part in the 
interview process. With 
consideration for the breadth and 
depth of the respondents it is 
considered that the perceptions 
provided typified a suitably diverse 
affiliation with motorsport to 
consider all applications of AM. The 
respondents, detailed in Table 3 
included heads of key service 
bureaus that utilise AM, academic 
experts in the field, motorsport race 
teams, industry publications, 
industry consultants and 
journalists.
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Table 3: List of Interview Respondents 

 Name Company Position Time/Date Interview 
Duration 

1 Kevin 
Lambourne 

Graphite – 
AM Managing Director 

1500 
09/08/201
6 

41 mins 

2 Kieron Salter KW Special 
Projects Founder/MD 

1400 
22/08/201
6 

34 mins 

3 Scott Doe 3D Parts 
Limited Technical Director 

1100 
10/08/201
6 

45 mins 

4 
Dr David 
Sims-
Williams 

Durham 
University 

School of 
Engineering and 
Computer 
Sciences 

1500 
15/08/201
6 

23 mins 

5 Dr Rishi 
Abhyankar 

Cranfield 
University 

Lecturer – 
Lightweight 
Structures: 
Advanced Vehicle 
Engineering 
Centre 

1600 
15/08/201
6 

21 mins 

6 Iain Wight Ricardo UK 
Ltd 

Director – 
performance 
Products – 
Transmission 
systems 

1200 
16/08/201
6 

26 mins 

7 Paul 
Niuewenhuis 

Cardiff 
Business 
School 

Senior Lecturer in 
Logistics and 
Operations 
Management and 
Co-Director of 
Centre for 
Automotive 

1445 
16/08/201
6 

16 mins 
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Industry Research 
and Electric 
Vehicle Centre of 
Excellence 

8 Peter Myler University of 
Bolton 

Centre for 
Advanced 
Engineering (The 
University of 
Bolton) – 
Professor of 
Engineering 
Analysis and 
Design 

1700 
23/08/201
6 

27 mins 

9 ANON AM Team 
Leader 

ANON (Head of 
AM) 

25/08/201
6 18 mins 

10 Tim Angus  
Founding member 
of Motorsport 
Research 
Associates  

1500 
17/08/201
6 

70 mins 

11 Daniel 
O’Connor 

TCT 
Magazine 

Global Group 
Editor 

1630 
16/08/201
6 

31 mins 

12 Chris Palmer Desktop 
Engineering 

Senior Sales 
Executive 

1430 
17/08/201
6 

9 mins 

13 Graham 
Tromans 

G.P. Tromans 
Associates 

Principle Industry 
Consultant and 
President 

1000 
18/08/201
6 

55 mins 

14 Christian Sylt 

FT, Forbes, 
WSJ, 
telegraph, 
independent, 
Guardian. 
Founder F1 
charity 

Free-lance 
journalist 
specialising in the  
F1 industry 

1900 
18/08/201
6 

12 mins 
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Initiative 
zoom and 
sports trade 
guide 
Formula 
Money 

15 Barry 
Assheton 3D systems Head of sales, 

Quickparts UK 

1630 
18/08/201
6 

66 mins 

16 Dr Benjamin 
Wood 

University of 
Warwick 

Innovation 
Manager 

1445 
16/08/201
6 

23 mins 

17 Mark Jenkins Cranfield 
University 

Author and 
professor 

1400 
19/08/201
6 

25 mins 

18 Anthony 
Middleton 

Grainger and 
Worral 

Head of Additive 
Manufacturing 

1530 
19/08/201
6 

31 mins 

19 Peter 
Goodwin 

Acornford 
Technical 
Services 

Author – 3D 
printing Unleashed 

1430 
26/08/201
6 

51 mins 

20 Anonymous Red Bull 
Racing F1 ANON (engineer) 24/08/201

6 24 mins 

21 Rachael Park 
Rachael Park 
Editorial 
Services 

Blogger – 3D 
Manufacturing 

1000 
25/08/201
6 

25 mins 

22 Anonymous Red Bull 
Racing F1 

ANON (Head of 
Design) 

1330 
24/08/201
6 

21 mins 
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23 Chris Aylett 
Motorsport 
Industry 
Association 

Chief Executive 
1700 
25/08/201
6 

33 mins 

24 Clare Sibley Williams F1 
team Material Engineer  45 mins 

25 Anonymous Ducati Bikes Director of Manuf.  120 mins 

26 Andrea 
Pontremoli CEO Dallara   135 mins 

27 Andrea 
Vecchi 

Wind Tunner 
director Dallara  25 mins 

28 
Fabian 
Osamu 
Narizuka 

Manager of 
product 
technology, 
marketing 
after sales 
and logistics; 
Country 
manager 

Shoei Europe  120 mins 

29 Horacio 
Pagani 

CEO and 
President Pagani Automobili  67 mins 

30 Anonymous Production 
manager Lamborghini  55 mins 

31 Livia Cevolini CEO Energica Moto  120 mins 

32 Roberto 
Cevolini 

CEO and 
production 
direction 

CRP (F1 and 
motorsport 
supplier) 

 70 mins 

33 Vittorio 
Cafaggi R&D director Dainese SpA  126 mins 

34 Marco 
Forestan 

Project 
manager Dainese SpA  40 mins 
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35 Fabrizio 
Fuschillo 

Director of 
Manufacturin
g 

Ferrari F1 team  90 mins 

36 Otello Valenti HR and Legal 
director 

Toro Rosso F1 
team  160 mins 

Total interview time: 
1,900 mins 
31.6 hours 

 

INTERVIEW RESULTS AND 

ANALYSIS 
Over a sixteen-day period twenty-
three interviews were conducted, 
with a total of eleven hours and 
fifty-six minutes of interview time 
and over forty-five thousand words 
transcribed and coded. It was 
immediately apparent during the 
course of the interviews that the 
available literature, reviewed as 
secondary research, had distinct 
limitations in terms of scope and 
depth. Conversations with a broad 
range of industry experts, from F1 
representatives to the CEO of the 
Motorsport Industry Association, 
illuminated specific details about 
the benefits and challenges of AM 
that were not publicly available. 
These details were categorised into 
six distinct themes; applications, 

benefits, challenges, supply chain, 
industry and future impact. As 
described in the methodology all 
transcripts were analysed for code 
words which are included in 
Appendix D. 
Due to the selective nature of the 
targeted individuals the general 
data quality was high. Respondents 
were extremely well informed on 
the specific topic and were eager 
to discuss their opinions on the 
impact of AM in motorsport. It 
should be noted that bias in the 
responses was occasionally 
evident, the responses chosen 
could be considered ‘champions of 
AM’ in their industry, hence there 
was a lean towards positive rather 
than negative perceptions.  For this 
reason, it was considered all the 
more important to diligently confirm 
themes through the triangulation of 
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multiple responses, essentially if a 
theme was observed multiple times 
then it was confirmed as valid.  
As an adjunct to the main themes, 
during the course of the interviews 
we attempted to draw a consensus 
on how long AM has been a part of 
the manufacturing value chain. It 
was difficult to gain agreement but 
in general it appears that F1 started 
using AM sometime in the early 
1990s to gain aerodynamic 
advantage from wind-tunnel 
prototyping. Indeed, Rachael Park 
recalled writing an article on 
Benetton’s 3D printing capability in 
the mid-1990s.
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APPLICATIONS 
It is first worth describing the 
various applications of AM in 
motorsport observed throughout 
the interviews. Of the twenty-three 
interviews, ten respondents were 
directly involved in the design 
and/or engineering of components 
using some form of AM technique, 
others, in many cases, whilst not 
actively involved, described their 
previous manufacturing 
experiences. The application of AM 
can be segmented into three 
distinct sub-categories: batch 
production tools, components and 
parts for testing purposes and end-
use parts. The responses were 
diverse and often subjective 
according to the nature of the 
company’s profile, however there 
are some observations that can be 
drawn from the data. Firstly, the 
majority of the engineering 
companies produced parts relating 
to all three sub-categories with a 
focus on prototyping as the most 
prominent product, mentioned in 
ten interviews. As a subset of 
prototyping, nine respondents 

specified wind-tunnel analysis as 
the most prevalent use.  
Secondly, of those who were not 
bound by confidentiality and were 
able to discuss the production of 
end-use parts, it was evident that 
AM is used primarily for non-load 
bearing components. Dr Abhyankar 
of Cranfield University emphasised 
that race teams have concerns 
relating to material integrity and 
manufacture repeatability that 
prohibit the use of AM for parts in 
high-stress applications. Six 
respondents discussed the use of 
AM for end-part manufacture in F1, 
most notably the anonymous F1 
Head of design who stated ‘if you 
look at any picture of our 
company’s Formula One cars you 
will be able to see parts 
manufactured with Additive 
Manufacturing techniques’.  
It is important to note that AM is 
not just confined to the 
manufacture of components, four 
sources stated that it has also 
become an important process for 
the manufacture of batch 
production tools such as fixtures, 
patterns and moulds. Significant 
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value in terms of speed of 
production can be derived from the 
ability to manufacture both the 
parts and the specialist tools to 
create those parts. Daniel 
O’Connor of TCT Magazine 
coalesced these themes when he 
gave the example of KWSP’s 
recent project with Strakka Racing 
stating that ‘the ability to make 
tools and jigs to create the end-
part, led to a super quick turn-
around’.  
 
 

BENEFITS 
By far the most prevalent theme 
was the freedom of design that AM 
provides, mentioned in seventeen 
different interviews and repeated 
frequently in many. Anthony 
Middleton of Grainger and Worral 
stated that the ‘free-form geometry 
of AM negates the traditional 
tooling constraints and moves the 
design closer to an idealised 
design’, Dr. Wood stated ‘usually 
they [race-teams] would use AM to 
do something that’s impossible to 
manufacture’.  It is apparent that 

the ability to construct complex, 
topologically optimised parts, has 
revolutionised the design of non-
load bearing components, Kevin 
Lambourne of Graphite Additive-
Manufacturing sums this up ‘the 
classic example is internal cavities, 
cooling ducts that you couldn’t 
machine or make in any other way’. 
The implications for design are not 
just limited to application, they also 
affect weight and construction 
time. Anthony Middleton of 
Grainger Worral pointed out 
inherent time and costs savings; 
‘for an individual piece of geometry 
that would traditionally have been 
created by several tools can now 
be created in one as a monolithic 
part’.  
 
In terms of speed of manufacture 
AM can drastically shorten the 
production time for certain 
components. Fourteen interviews 
mentioned the ability to move 
quickly from concept through to 
manufacture as one of the key 
benefits of AM. The fact that 
designs can be printed on an ad 
libitum basis, in theory, permits a 
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greater number of design iterations 
which in turn improves the quality 
of the final component, ‘Basically 
the ability to modify and change 
designs very quickly’ (Graham 
Tromans, 2016). Kevin Lambourne 
elaborated further discussing the 
value in specific CAD design for 
AM collaborated with Computer 
Fluid Dynamics (CFD) software to 
improve wind-tunnel development 
time.  Dr Abhyankar explained that 
‘the ability to advance the 
engineering stages can result in the 
ability to attract more sponsorship, 
the earlier a company can get to 
crash test stage [the final phase 
prior to race-readiness] the more 
time they have for sponsorship 
raising. 3DP has essentially led to 
more money in the sport through 
increased sponsorship’. Not only 
can AM, under the right 
circumstances, save money by 
accelerating the production cycle it 
appears that the time savings 
inherent are able to actually 
introduce more money into the 
industry through the creation of 
more time to procure sponsors.  

Further benefit related themes were 
not as prolific in the responses. Six 
respondents discussed the low 
volume character of AM as suiting 
motorsport manufacture which is 
undertaken in limited batches, a F1 
team for example only has two 
track cars plus spares, this makes 
it an advantage to be able to print 
parts using AM to reduce tooling 
costs.  Paul Niuewenhuis, Cardiff 
Business School, said that AM 
‘really fills that gap between mass 
production and individual one off 
hand crafted products’. Two 
respondents discussed the 
increased flexibility of operations 
that comes with AM, Peter Myler of 
Bolton University relates this back 
to design ‘there is more flexibility at 
hand also potential to change and 
redesign components’. Two 
respondents extolled the 
importance of weight saving that 
AM designed components can 
provide, Barry Assheton of 3D 
systems said ‘so really freedom of 
design and lightweight products are 
the two key issues’.  
An area that was not identified in 
the literature review but was 
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mentioned in interviews was the 
value in the ability to rapidly create 
parts for demonstration purposes. 
Six separate interviewees 
discussed how AM reconnects 
designers with the end product, 
providing a rapid working model of 
the design. The ability to view 
tangible models ‘provide(s) a level 
of visualisation that you wouldn’t 
have if you were only working on 
CAD’ (Ian Wight, 2016). 

CHALLENGES 
The interviews identified a plethora 
of challenges to AMs continued 
adoption in motorsport, however 
three key challenges were 
prominent; cost, materials and a 
lack of education relating to AM. It 
is important to note that whilst 
industry experts had been 
interviewed for their expert subject 
knowledge they were, in many 
cases, strong advocates of this 
technology, perpetrating a 
collective stoicism, akin to bias, 
that the obvious technological 
challenges would be overcome 
rapidly. 

Although cost was mentioned ten 
times when respondents were 
asked about the challenges that 
AM faces in motorsport there was 
often a caveat that suggested that 
this problem was being addressed 
and that costs were reducing. 
Daniel O’Connor stated that ‘AM is 
no longer for the elite or excusive’. 
The actual manufacturers of AM 
products were the most vocal in 
stressing that the cost of the 
technology is higher, they did 
however concede that their clients 
were willing to pay a premium for 
intricate, complex components that 
would be difficult to replicate using 
conventional techniques. 
It was apparent from nine 
interviews that the quality of 
materials is still a major concern for 
manufacturers and end-users alike. 
‘Material properties are still not 
adequate’, stated Dr. Sims-
Williams, ‘The main areas of 
concern are strength, stiffness and 
how it holds it shape in the long 
term – degradation’. Kevin 
Lambourne expressed concerns 
about ‘the repeatability of 
mechanical properties’, this was 
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echoed by Daniel O’Connor who 
used the example of the ‘spatter 
affect’ whereby ‘particles fire off 
from when the laser hits, and this 
affects how the next layer of 
powder settles and the quality of 
the overall product’. A combination 
of repeatability and integrity is the 
reason why Dr Wood echoed two 
others sentiments stating that ‘It 
isn’t for the safety critical parts, it’s 
fine for the non-safety critical 
components’. Both Dr Wood and 
Daniel O’Connor explored the 
theme of certification of AM 
products to guarantee their 
integrity, Dr Wood explained that ‘if 
you asked fifteen AM companies to 
produce one part, there will be a lot 
of variability in how the part is 
produced and they would all 
produce it in a different way’. 
Daniel O’Connor confirmed that 
this is regarded industry-wide as an 
issue but a ‘Standardisation push 
has happened in last 24 months’. 
With regards to materials there was 
a general air of positivity 
suggesting that the rapid pace of 
innovation in AM would continue to 
improve the viability and range of 

materials. Three respondents 
commented on the problems 
specifically with post-production 
surface finish in particular with SLA 
technology and materials, Dr. 
Sims-Williams remarking that need 
for additional labour to surface 
finish AM components ‘loses some 
of the AM advantage’. Kieron Salter 
added to this ‘conventional 
processes such as injection 
moulding get you closer to near-net 
shape with little need to post-
manufacture surface finishing’. 
The third prominent concern, and 
the most prolific in terms of 
repetition within each interview, 
was a lack of education and 
awareness of the benefits of AM. 
This was a more generalised 
concern that was related to all 
industries but was considered to be 
a specific barrier to the rate of 
adoption in motorsport. 
Respondents described a pre-
conception that AM is ‘exotic’, this 
phrase was repeated multiple times 
in three interviews alluding to an 
accessibility barrier for new AM 
users. There was a distinct theme 
of the industry not understanding 
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and capturing the true value of AM 
technology, Dr Myler said that ‘Lots 
of people just think of AM as 
polymers, I think that there is an 
education that is needed to 
improve [the uptake of AM]’. Two 
respondents suggest that a new 
wave of graduates with increased 
academic exposure to new 
technologies such as AM will act as 
advocates, able to capture 
increased value through design 
specific to AM. It is postulated that 
a contributing factor could be the 
confidentiality surrounding F1 
engineering preventing the cross-
pollination of innovation in AM. 
Another contributing factor, as 
Graham Tromans explained, is that 
manufacturers invest significant 
capital in their conventional 
processes, in order to consider 
new techniques that challenge 
these accepted systems you need 
a ‘champion’, someone who will 
advocate AM. Scott Doe was 
himself a pioneer and champion of 
the technology at Williams F1 and 
said that it was ‘Hard to convince 
people of the benefits of 3DP’.  

It was clear that technological 
advancements are required to 
improve the applicability of AM 
technology. The speed of 
production was agreed by five 
respondents as an area of concern, 
this appears to be dominated by 
two variables, the level of post-
processing required and the 
volume that is being produced. AM 
excels for low volume runs however 
as Kieron Salter discussed it is ‘still 
very slow, especially for high 
volumes where it is easier to 
injection mould’. In addition to this 
the physical size of the build 
chamber was cited by three 
respondents as a barrier to 
operations, in particular preventing 
the manufacture of body-parts 
which tend to have the largest 
dimensions. Mr Salter continued to 
discuss how improvements in 
software over the last 5-10 years 
have increased the viability of AM 
as a technique for end-use 
products however hardware can 
still be ‘unreliable’. 

INDUSTRY 
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Despite the focus of the interviews 
being motorsport in general, F1 in 
particular dominated the 
conversations. The specific uses of 
AM in F1 were mentioned by nine 
different respondents, four of 
whom discussed how prototyping 
was the initial reason that AM was 
adopted. The fast moving 
development cycle of F1 means 
that ‘Every Formula One car is 
essentially a prototype,‘ according 
to Dr. Wood, Chris Aylett seconded 
this ‘even the end car is a 
prototype’ insinuating that the low-
volume, rapid-development nature 
of F1 is perfectly designed to take 
advantage of additive 
manufacturing’s speed and 
freedom of design. 
It was agreed by all that F1 led the 
way in terms of budget driven 
design, investing the largest 
amounts in motorsport in R&D. The 
anonymous F1 Head of Design 
alluded to the lack of budgetary 
constraint when he said that they 
were able to ‘design to the process 
– designing around specific AM 
materials’, this is an area that lower 
tier motorsport companies may be 

financially constrained. It is likely to 
be for this reason that F1 has 
harnessed the technology for 
aerodynamic benefit as well as for 
critical weight reduction in non-
load bearing race-ready parts. 
Rachael Park said that AM was so 
entrenched in F1 ‘that they literally 
can’t do what they do without AM’. 
Anthony Middleton stated that ‘in 
motorsport [AM] is used for more 
complex motor jackets, air cooling 
and water cooling parts’, to 
reiterate the most prominent 
benefit, the freedom of design over 
conventional manufacturing means 
that ‘usually they would use AM to 
do something that’s impossible to 
manufacture’ (Dr. Wood). The rapid 
turn-around of design can be used 
to better integrate the actual racing 
driver into the car, Tim Angus 
talked about the customisation 
potential using AM to create 
‘bespoke’ parts for each race-car. It 
was apparent from discussion with 
non-F1 race teams and suppliers 
that the level of AM integration is 
however limited by budget. It was 
also noted that the actual race car 
specifications in certain motorsport 
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disciplines are pre-ordained by the 
regulatory body and, in the case of 
Formula E, do not favour AM 
techniques. It is speculated that 
these variables amount to a lower 
profusion of in-house AM 
technology in non-F1 motorsport 
and potentially a greater level of 
out-sourcing. 
Three other non-motorsport 
industries, mentioned in more than 
one interview, were described as 
benefiting from AM technology; 
automotive, medical and 
aerospace. Taking a closer look at 
the automotive industry the links 
with motorsport are apparent, Dr 
Jenkins of Cranfield University 
discussed the transfer of 
technology from motorsport into 
automotive through channels such 
as Williams and McLaren’s 
purpose-designed business units. 
The three respondents who raised 
the technological adoption of AM in 
the auto industry also cited 
limitations with high volume 
production that limit the use of AM 
for actual end-use parts. However, 
Dr. Wood named Jaguar and Land 
Rover as occasional commercial 

users of AM for prototyping. Three 
respondents also described AM’s 
application in the out-of-production 
market for obsolete parts on 
vintage vehicles.  
External to motorsport there are 
large bodies of literature that 
discuss the application of AM in the 
medical industry. Two respondents 
related the benefits that they saw in 
motorsport customisation to similar 
benefits in biomedical innovation. 
Two different respondents 
perceived that the aerospace 
industry was a leader in AM 
technological innovation, with Barry 
Assheton saying that ‘nothing has 
the most applications like 
aerospace’. Again all of these 
applications refer back to the main 
dimension of AM being low volume 
and suitable for custom parts 
production. 

SUPPLY-CHAIN 
It was anticipated that there would 
be four discrete responses to the 
question ‘do you believe that the 
motorsport supply chain has been 
affected by Additive 
Manufacturing?’; positive, negative, 
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neutral and uncertain. Three of 
these responses were manifested 
in the interviews however no 
respondents viewed AM as having 
negatively impacted the supply 
chain. The greatest number of 
respondents, nine in total, 
conceived that the supply chain 
remained unaffected, Anthony 
Middleton stated that there was ‘no 
change, it is a very controlled 
process and hasn’t influenced the 
supply chain really’. It is interesting 
to note that three of these 
respondents went onto to develop 
their initial views to include some 
form of change to the supply chain, 
thus negating their initial perception 
that the supply chain was 
unaffected. The general consensus 
was that AM, rather than actually 
redistributing the supply chain, has 
changed it, supplanting traditional 
techniques, ‘To some extent it has 
replaced CNC however the ratios of 
in-house production to out-sourced 
have remained unchanged’ (Dr. 
Sims-Williams).  
Keiron Salter argued that the 
proximity of the companies within 
the Motorsport valley® inhibits 

redistributive manufacturing and 
maintains the status quo, there is 
‘no benefit to make these products 
in-house if it can be made around 
the corner by professionals’. With 
regards to the redistribution of 
manufacturing the consensus was 
that the costs and risk of changing 
the locus of manufacturing do not 
outweigh the spatial advantage of 
collocated specialist 
manufacturers. F1 is however an 
example where there has been 
some in-house uptake of AM 
techniques, underwritten by 
significant R&D budgets which 
permit greater expenditure on 
innovation. Despite the fact that 
Barry Assheton explained how 
prolific AM is in F1; ‘All F1 race 
teams have 3D systems parts, not 
just those in Britain but globally’, 
not all parts can be manufactured 
in house. The anonymous F1 Head 
of Design acknowledged that 
outsourcing is still important 
because it would be prohibitive in 
terms of cost, labour and storage 
to own all AM technologies 
available for all different 
applications; ‘[there is] some 
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external manufacturing but it’s 
limited by the range of materials’. 
Positive repercussions of AM in the 
supply chain were voiced in eight 
interviews. Three in particular 
mentioned the benefit of AM 
facilitating Just In Time (JIT) 
manufacturing which forgoes 
maintaining inventory and enables 
manufacture as required. Daniel 
O’Connor stated that it ‘allows you 
to manufacture exact numbers 
rather than having to store lots of 
spares‘, this particularly suits the 
rapid development cycle of F1 
which according to Chris Aylett 
necessitates exceptionally low 
volume stock. Christian Sylt 
discussed the fact that ‘they [AM] 
haven’t put parts suppliers out of 
business over the past decade. 
They work in tandem’, this builds 
upon previous dialogue that 
suggests the in-house/outsource 
balance has not necessarily altered 
and even AM equipped race-
teams, still have a propensity to 
outsource for ultra-low volume 
specialist components. Despite 
stringent F1 regulations 
encouraging in-house design, the 

anonymous F1 representative 
stated that there is ‘no impact on 
existing suppliers, they are now 
producing more components in a 
wider variety because of the advent 
of AM’. 
Five respondents were unsure just 
how AM had affected the supply 
chain, Graham Tromans typified the 
responses when he said ‘I haven’t 
seen it but it must in some ways I 
mean there’s got to be an impact 
on the supply chain’. This response 
sums up the general perception of 
AM’s influence on the motorsport 
supply chain, introducing a new 
technique has obviously had some 
effect, potentially improving the 
speed of production for certain 
products, but it has not necessarily 
redistributed the UK supply 
network. This increase in speed 
has meant that the ‘supply chain 
has to be more agile and 
responsive’ according to Mark 
Jenkins. Reciprocally, Chris Aylett 
takes the view that AM has 
empowered the UK motorsport 
supply chain ‘AM allows this agility 
in a cost effective way, it 
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strengthens the offer of UK 
motorsport’ 

FUTURE 
The future of AM in UK Motorsport 
is a matter of perception, individual 
opinions rely on personal 
experience and interactions with 
the external environment, as such 
there was a great deal of variation 
in specific answers. Despite the 
variability in responses key words 
such as expand, increase, 
proliferate and prevalence 
dominated the conversations, the 
general agreement about the 
increasing AM uptake in 
motorsport was described 
succinctly by Rachael Park ‘growth 
to begin with was very linear but it 
is now becoming exponential’. Five 
respondents speculated about 
innovations in materials, they 
described their projections on 
weight reductions, the ability to 
include mechanical functionality 
and also the introduction of 
carbon-fibre materials for body 
work applications. The anonymous 
F1 Head of AM alluded to the 
increase in end-use parts and the 

progression into safety critical 
parts; ‘If parts can become 
lightweight enough then printing 
replacement parts for almost any 
part of the car can become a 
reality’. Kieron Salter talked about 
the need for the integration of 
embedded electronics including 
sensors whilst Peter Myler 
theorised that smart materials, 
reactive to external stimuli such as 
light or heat, would be a future 
innovation. 
Many of the hypothesis about the 
application of AM in the future 
world of motorsport were related to 
overcoming some of the present 
day challenges, as can be seen 
from the responses relating to 
innovations in materials. 
Technology was also mentioned as 
an area that will undergo 
improvement and increased 
flexibility of application. Kevin 
Lambourne suggested that ‘bigger, 
better and stronger components’ 
will be the future, but he also 
cautioned that reliability will be an 
area that will have to be improved. 
Four respondents touched upon 
the concern that AM was viewed as 
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a panacea for all, the proposal from 
all resonated the fact that whilst 
AM technology will become more 
prevalent, supplanting traditional 
techniques, the future motorsport 
manufacturing landscape will 
remain a complimentary hybrid of 
the two technologies. 

 

SUMMARY OF QUALITATIVE 

INTERVIEW RESULTS 
For the purpose of clarity Table 4 
provides a summary of the main 
themes, the collective perceptions 
of the experts who participated and 
an author assessment which 
examines and critically assesses 
the perceptions.
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Table 4: Critical Assessment of AM Major Themes in Motorsport 

Theme Experts opinion Critical analysis 

Applications Three categories of AM use in motorsport were 
identified; batch production tools, components for 
testing purposes and end-use parts. It was 
observed that prototyping for wind-tunnel testing 
was the initial impetus for the motorsport industry 
adoption of AM and is still the dominant application 
today due to the demand for an increasingly rapid 
development cycle. 

Whilst the component manufacturing element of the supply 
chain suggested that prototype parts are still the dominant 
application, the three interviews with F1 representatives 
suggested a larger but confidential representation in end-
use parts. It was clear that despite confidentiality 
preventing an accurate depiction of the percentages of 
parts manufactured in each area, there is an important role 
for AM to play throughout the entire design and 
manufacture process. 
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Benefits Seventeen separate interviews mentioned the 
freedom of design as a benefit of AM in the 
motorsport supply chain. To a lesser extent the 
speed of manufacture also plays an important part 
in facilitating the rapid design cycle demanded by 
motorsport. AM, as a low volume production tool, 
suiting the highly iterative nature of motorsport 
development from design stage through to final 
manufacture.  

The defining factor in F1, and other motorsports to a lesser degree 

is the rapid development cycle. Despite the prominent mention of 

freedom of design as the key benefit underwriting AM, it is 

construed that the same objects can be created with conventional 

processes, just not as easily. The value in design freedom comes 

from the ability to reduce cost and, more importantly, to compress 

the development cycle, affording mo 

torsport teams a shorter component turn-around time and 
more design iterations.  

Challenges The lack of economies of scale is fundamental in 
restricting AM to low volume applications, 
preventing mass production application. Integral to 
this is the cost implication of larger volume runs. It 
is clear that advancements in technology also need 
to be made to reduce product integrity concerns 
and improve variety and output size. The industry 
suffers from a lack of education in AM specific 

Bias was prevalent in the responses, exposing a limitation 
of this line of questioning. Most respondents considered 
that the various limitations of AM would be overcome very 
soon, further studies should consider balancing these 
views with those of non-AM users. Whilst cost and 
materials were considered major challenges, the lack of 
AM specific design knowledge was a significant barrier to 
AM proliferation not considered in the literature review. It is 
concluded that a significant unifying force is needed in the 
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design that may be remedied by a new-generation 
of advanced manufacturing graduates. 

AM industry to overcome the technological and academic 
barriers.  

Industry Formula One dominated the interviews and it was 
obvious that it invested the most in AM technology. 
Despite this the reduction in cost of AM has 
improved accessibility to lower tiers of motorsport 
for the manufacture of complex geometric parts. 
Other industries were mentioned as benefiting from 
mass customisation potential and also from 
redistributive manufacturing in areas where the 
industry is isolated from the supply chain. 

Although AM is integral to F1 success, it appears that the 
confidential nature of F1 stymies the trickle down of 
technological advancements, both to motorsport and 
wider industry. Knowledge is fragmented within each 
industry with limited transfer networks inhibiting industry 
collaboration. Regardless of the barriers to adoption it 
appears that AM is prolific at all levels of motorsport and 
presents huge opportunities in global manufacturing. 

Supply Chain There was an overall positive response to the 
addition of AM in the supply chain, demanding 
greater agility of the network in response to an 
increased development cycle. The consensus was 
that AM, where in use, has supplanted conventional 
techniques rather than redistributing the 
manufacture of the product. 

AM has certainly altered the way that the supply chain 
interacts, greater demands have been placed on suppliers 
by clients who are cognisant of the improvements to the 
product development cycle. From a supplier perspective 
the adoption of AM has augmented their product offering, 
presenting a diversification strategy. The level of 
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redistributive manufacturing towards race-teams remains 
uncertain but it is thought to be more prolific than stated. 

Future AM will continue to proliferate exponentially in the 
coming years, overcoming technological limitations 
to realise more of its true value. The greatest 
milestones will be the advent of carbon fibre 
technology for body work parts and the ability to 
integrate robotics, sensors and smart technology. 

Considering the twenty plus years of AM innovation in 
motorsport there are still significant limitations in terms of 
product integrity and replicability that need to be overcome 
before the bridge to load-bearing components can be 
crossed. Whilst the hybridisation of AM with other 
technology is feasible, for the foreseeable future this will be 
limited to inclusion in non-load bearing components. 
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LIMITATIONS OF QUALITATIVE 

INTERVIEW METHODOLOGY  
As previously mentioned, 
responses can be affected by a 
range of bias, primarily personal 
bias or information withhold bias 
due to a lack of rapport and ease 
(Oppenheim, 1992). This was 
evident during some of the 
interviews, for instance, tool 
makers suggested tools, jigs, and 
casts were the most practical 
applications while aerodynamicists 
would say the same for wind-tunnel 
use.  
 
 
 
 
 
 
 
 
 
 
 
 
 

For these reasons, replicability is 
not distinctly achievable and the 
data should be viewed as opinions 
that enhance the literature review 
findings. In addition, the there is no 
quality control on the level of 
industry representation, 
respondents maybe mis- or under-
representative of the industry 
considering that only twenty-three 
out of a total one-hundred and two 
targets contacts were actually 
interviewed. 
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CONCLUSIONS 
 
Overall, the data gathered as part 
of this feasibility study has offered 
some clarity to the understanding 
of how AM has impacted, and will 
continue to influence, the British 
motorsport industry. The 
culmination of research through 
literature review, survey, and 
interview has validated conclusively 
that AM has been adopted as a 
manufacturing technique in British 
motorsport, and has also to some 
degree demonstrated the level of 
penetration of AM at all levels 
throughout the supply chain 
network. 
The consolidation of primary and 
secondary datasets permitted a 
broad reconciliation of the key 
themes influencing the topic of 
interest. Fundamental to the quality 
of data gathered were the insights 
of the industry experts, who were 
able to provide current perceptions 
of the rationale behind these 
themes. It became evident that 
triangulation of these results was 
essential to distil and confirm a 

consensus amongst the datasets. 
The objective was to understand 
the effect, if any, of AM in British 
motorsport in two key areas; 
redistributive manufacturing and  
 
 
technological advancements. Data 
was successfully gathered in both 
areas, enabling firm conclusions to 
be drawn and clarity in areas that 
were previously identified as 
ambiguous in the publicly available 
literature. 
Whilst the breadth of data is noted 
as a benefit of combining both 
primary and secondary datasets it 
should highlighted that the 
competitive nature of the 
motorsport industry, driven by huge 
levels of investment – particularly in 
F1 – encourages confidentiality of 
information, and even the 
publication of misinformation. It is 
therefore evident that this feasibility 
study cannot be considered 
comprehensive in terms of specific 
details about individual companies, 
and should rather be treated as a 
holistic overview that has 
attempted to corroborate accounts 
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from a broad range of sources. A 
suggested area of improvement for 
future research would be to 
consider the perceptions of 
members of motorsport who do not 
utilise AM; this would balance 
some of the favourability bias 
observed in the interview 
responses, all of whom were firm 
advocates of AM technology.  
Firstly, it is important to note that 
despite increasing media attention 
over the last decade relating to 
innovations such as the Reprap 
project, this feasibility study 
concluded that AM has been a part 
of the British motorsport industry 
value chain for much longer than 
that, at least the last two decades. 
The industry experts interviewed 
did not consider this a new 
phenomenon but more an evolution 
of ‘rapid prototyping’ into a 
technology that is now integral to 
the development of complex and 
low volume components. Rachael 
park epitomised this view when she 
described just how embedded AM 
is in F1 ‘they literally can’t do what 

they do without AM. They can’t 

undo the tech’. It was evident that 

AM has evolved from its original 
application for wind-tunnel 
prototyping into fundamental 
technique that plays a part in all 
development stages including the 
production of end-use components 
for non-load bearing applications. 
In terms of AM applications and 
uses within the industry, a general 
consensus was observed amongst 
both primary and secondary 
datasets that corroborated AM’s 
use for low volume production runs 
for intricate and geometrically 
complex parts which cannot be 
easily or cost-effectively designed 
and engineered using conventional 
manufacturing methods. In addition 
to the freedom of design offered by 
AM, it can also accelerate the 
development cycle for certain 
components, reducing the time 
from concept to tangible prototype 
to end-use part by compressing 
stages in the production process 
either by reductions in the number 
of parts manufactured, the length 
of the supply chain or the number 
of tooling stages. With regards to 
quality AM facilitates rapid iterative 
design improvements allowing 
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engineers to react to development 
changes and quickly solve 
problems. Considering that speed 
is essential in the motorsport 
industry, it is not surprising that the 
majority of motorsport companies 
have either adopted this 
technology in-house or included it 
in their value chain by out-sourcing. 
The speed of development and the 
ability to manufacture parts locally 
with ease for visual inspection were 
credited by interviewees as 
restoring the link between 
designers and engineers, 
particularly important for short 
supply chains such as F1 where 
continuous improvement on an 
incremental scale is vital. 
There are, however, several barriers 
to uptake that must be addressed 
before AM technology realises its 
true potential in motorsport; cost, 
material properties and educational 
awareness. It was noted in the 
interviews that F1 pioneered 
commercial AM technology, 
however, it must be considered 
that these race-teams have the 
largest budgets in motorsport, and 
in terms of employee numbers F1 

represents only a small portion of 
the entire motorsport industry, with 
the remaining portion more cost-
orientated. Some speculate that 
AM costs will decrease with time, 
while others argued that they will 
remain high especially with regards 
to increases in manufacturing 
volume. It is interesting to note that 
the challenges of IP security, 
identified in the literature review, 
were only recognised by one 
respondent, Dr. Jenkins, who 
acknowledged the need for IP 
protection but concluded’ so 
there’s less pressure for IP than in 
a conventional manufacturing in a 
sense’. 
At this point in time, materials are 
also considered a fundamental 
issue, primarily because of 
perceived limitations in the range of 
materials applicable to AM but also 
with regards to their mechanical 
properties. These concerns, 
combined with further issues with 
the post-manufacture finish quality 
led some respondents to regard 
injection moulding or other 
conventionally manufactured 
methods as more viable. To 
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overcome these challenges, it 
seems that not only is 
technological innovation needed to 
advance hardware, materials and 
processes but there is also a deficit 
in awareness that needs to be 
addressed. It is apparent that the 
true value of AM can only be 
realised if you design specific to 
the materials and processes, for 
this to become more standard 
practice then the next generation of 
engineers must be well-educated in 
AM technology and willing to 
champion its value in forums that 
include members entrenched in 
conventional methods. 
Primary research perceptions of the 
impact of AM on the motorsport 
supply chain were ambiguous, 
ranging from no effect to a positive 
effect, with a degree of uncertainty 
amongst many responses. Some of 
the more enthusiastic literature 
speculated that AM will be so 
revolutionary that there will be no 
need for race-teams to rely on 
OEMs or third party parts suppliers, 
instead relying on their own in-
house AM capabilities. This was 
not necessarily reflected in the 

interview process which, as a 
general consensus, regards AM as 
having challenged the agility of the 
supply chain and not necessarily 
the configuration itself. Race-teams 
have invested in AM technology but 
it is evident that manufacturing has 
not necessarily been redistributed 
towards the end-user who is still 
inclined to outsource dependent on 
their budget and the volume and 
complexity of the component in 
question. It could be concluded 
that where it is in use, AM has 
supplanted conventional 
techniques for the manufacture of 
those components, demanding a 
more rapid rate of production and 
more varied products from all 
vertical elements of the supply 
chain. Those elements have to be 
more engaged with the latest 
technologies and developments or 
they risk being superseded by 
more competent players. As a 
consequence, the close nature of 
competition is expected to drive 
exponential innovation and 
accelerate the resolution of 
fundamental challenges to the 
technology. 
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In the future AM will proliferate 
through British motorsport 
propelled by material and 
technology advances and an 
increased understanding of the 
specific application of its value. The 
view of industry experts is that 
innovation will allow yet further 
freedom of design in terms of 
hybridisation between AM and 
other technologies such as 
robotics, embedded sensors and 
smart materials. F1, with its 
significant R&D budget will 
continue to spearhead 
development, transferring these 
advances down to less well funded 
motorsports categories. Other 
industries such as aerospace, 
biomedical and the automotive 
industry will continue to benefit 
from the mass customisation 
potential of AM whilst niche 
industries such as space and 
military are likely to be areas that 
will recognise benefits from 
redistributive manufacturing and 
the ability to create complex parts 
on site in any location. 
Moreover, moving this research 
forward, our scoping behavioural 

results promise to advance the 
current literature by offering some 
of the earliest insights exploring 
‘real-life’ executives’ risk-taking 
behaviour in knowledge-intensive 
environments, thus extending 
works thus far generally confined to 
sectors like finance or banking (cf. 
Cain & McKeon, 2016; Faccio, 
Marchica, & Mura, 2016). 
In conclusion, while the specific 
details of AM applications in 
motorsport were limited by the 
confidential nature of the industry, 
the interview phase was designed 
in such a way that triangulation 
allowed many of the key themes 
explored in the literature review to 
be confirmed and developed 
further. AM is expected to continue 
to proliferate through the 
motorsport supply-chain, 
supplanting conventional 
techniques to maintain the in-
house/outsource balance rather 
than redistributing the actual 
process. Innovation in materials 
and hardware, combined with 
improved engineering awareness 
facilitating design-for-use, will 
overcome many of the existing 
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barriers to adoption allowing AM to 
exponentially increase in 
accessibility.  
Despite the fact that AM enables 
component ‘complexity at no extra 

cost’ (Peter Goodwin), it is 
regarded that the technology, in its 
current form, is limited by volume 
capacity, for this reason it is 
unlikely to be a panacea for all 
manufacturing problems. The 
future is likely to be a hybridisation 
of both AM and conventional 
techniques, symbiotically exploiting 
their individual benefits to realise a 
leaner and quicker motorsport 
manufacturing network. 
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RECOMMENDATIONS 

FOR FUTURE 

RESEARCH 
 
This feasibility study is funded as 
part of an ongoing EPSRC 
programme investigating the 
impact of Additive Manufacturing 
across a range of industries and 
disciplines. With consideration for 
future research, this feasibility 
study recommends three areas of 
study that could be undertaken to 
further clarify the impact of AM in 
motorsport: 
 

THE CORRELATION BETWEEN 

PHYSICAL PROXIMITY AND RATE OF 

REDISTRIBUTIVE MANUFACTURING 
The conclusion of this feasibility 
study is that there has been very 
little reconfiguration of the British 
motorsport supply chain in 
response to the advent and 
implementation of AM techniques. 
It was suggested during the course 
of the interviews that the ratio of in-
house to outsourced manufacture 

has not altered significantly for 
race-teams. The anonymous F1 
representatives  
 
 
concurred that despite AM 
technology supplanting 
conventional techniques for some 
in-house manufacture there is also 
a significant amount of 
outsourcing. The cost of 
outsourcing will depend on 
variables such as risk, logistical 
costs and product volume, the total 
cost of which informs the decision 
to vertically integrate or outsource. 
The colocation of specialised 
manufacturers within the 
motorsport valley® is anticipated to 
reduce logistical costs, increase 
the outsourcing of low volume 
parts when compared to less 
spatial dense supply chains. It is 
suggested that further research 
would be beneficial to understand if 
physical proximity is a barrier to 
redistributive manufacturing and 
what impact the continued 
reduction in cost of AM technology 
could have on the current supply 
chain network. 
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THE CORRELATION BETWEEN THE 

RATE OF ADOPTION OF AM IN THE 

COMMERCIAL AND INDUSTRIAL 

ENVIRONMENTS 
An interesting observation was 
raised by Rachael Park of RP 
Editorial Services, she suggested 
that the publicity associated with 
the Reprap (replicating rapid 
prototype) project, a British project 
to build a self-replicating open-
source affordable 3D printer, 
stimulated a succession of 
affordable desk top printers. These 
‘retail printers’ were often marketed 
incorrectly as being a solution for 
all manufacture. Three survey 
respondents suggested that when 
the affordable desk-top printers 

failed to realise their marketing 
hype a negative stigma became 
attached to AM which may have 
impacted the adoption rate in not 
just the retail sector but industry 
uptake as well. Gartner (2014) 
recognises this phenomenon in the 
hype cycle of expectations 
illustrated in Figure 2, clearly 
demarcating ‘retail printers’ as 
being 5-10 years from their plateau 
of productivity and on the verge of 
entering the trough of 
disillusionment. A study to consider 
the effects of retail AM perception, 
correlated with the rate of adoption 
in industrial AM, could be used to 
understand the apparent latency in 
AM adoption in motorsport and to 
advise future education 
programmes for AM design. 
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Figure 7: Gartner Hype Cycle Illustrating the Rates of AM Adoption 

BARRIERS TO EDUCATION LIMITING 

THE ADOPTION RATE OF AM 

TECHNOLOGY 
The lack of education and people’s 
awareness of AM was postulated in 
the interviews as a major barrier to 
adoption. Interview respondents 
described a generational gap 
between those who were educated 
in conventional techniques and 
newer graduates whose curricula 
includes advanced manufacturing 
processes such as AM. The older 
generation were perceived to 
express reluctance to change their 

current processes and adopt AM. 
Culture also has a part to play in 
adoption rates for AM technology, 
F1 teams are renowned for 
investing heavily in R&D however 
the lower tiers of motorsport do not 
have comparable budgets and it is 
speculated that this may reduce 
their range of vision with regards to 
incorporating newer advanced 
technologies. These issues were 
only evident in the interview phase 
of the feasibility study and were not 
evident in the articles considered 
for the literature review. 
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The fundamental problem observed 
was that late adopters of the 
technology did not understand the 
value that AM could present to their 
individual business. To understand 
the profusion of knowledge through 
the industry a further area of study 
could explore the perceptions of 
AM limitations amongst those who 
have not yet adopted the 
technology. Areas to investigate 
may include demographics of 
employees, in particular the age 
and education level which may be 
used as an indicator of AM 
exposure and knowledge. The 
findings of any such research could 
be used to inform industry wide 
education strategies to increase the 
proliferation of new technologies 
such as AM through campaigns 
designed to enhance 
understanding and awareness. 
In this respect our behavioural 
findings suggest that more 
attention shall be placed on the 
individual characteristics of 
managers and executive in future 
research. Indeed, in line with 
literature in the behavioural 
sciences we found that risk-

avoidance may represent a key 
barrier for individuals responding to 
situations of technological 
complexity, such as in the adoption 
of AM technology. 
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APPENDICES 
APPENDIX A –  LITERATURE REVIEW BIBLIOGRAPHY 
 

Name of Article Date Notes Type of Source  Source Author (s) 

How 3D printing is 
changing the 
shape of Formula 1 

10-Mar-15 • Most teams use 3D printing to produce prototypes, reaching up 
to 900 pieces per month 

• It made an impact outside the garage - first prize trophies of the 
German and British Grand Prix were 3D printed in 2014 

• Red Bull Racing uses 3D printing to develop their cars through 
3D test parts  

• Test cars act as models for aerodynamics and 3D printing saves 
money over traditional forms of manufacturing 

• Lotus F1 racing team used 3D printing - they built parts from 
digital data and produce components in hours rather than weeks 

• They could also manufacture multiple iterations of the same part 
simultaneously 

Article - Website 
(Fespa) 

http://www.fesp
a.com/news/fea
tures/how-3d-
printing-is-
changing-the-
shape-of-
formula-1.html 

Laura 
Celada 

Open 3D Printed 
R/C F1 Car Races 
on Pinshape 

02-Dec-15 • Designer Daniel Noree has combined Formula One and remote 
controlled cars into a new project for an Open R/C remote 
controlled car that resembles a Formula One vehicle 

Article - Website 
(3D Printing 
Industry) 

http://3dprinting
industry.com/20
15/12/02/openr
c-released-a-
new-f1-car/ 

Davide 
Sher 
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• Pinshape hosts open source models that are shared with a large 
community of 3D printing enthusiasts to promote their 
collaboration 

Red Bull F1 Team 
Racing to 
Implement 3D 
Printed Parts in 
Race Cars 

09-Jul-14 • Currently hindered by material durability, as other innovations 
continue to confirm, there's no practical limit to the future 
industry implementation of 3D Printing 

• At this point, 3D printed parts for cars on the track is theoretical 
• Compounds used for filaments can't withstand the pressure 

endured by the carbonite used on the actual racing car 
• Red Bull is already familiar with the productive effects from using 

3D printing in testing phases, so to have them on the race cars 
would be the next step 

Article - Website 
(3D Printing 
Industry) 

http://3dprinting
industry.com/20
14/07/09/red-
bull-f1-team-
racing-
implement-3d-
printed-parts-
race-cars/ 

Evan 
Chavez 

3D Printing to Play 
a Major Role In 
The Future of F1 
Racing 

05-Jul-14 • It's important to stay on top of the latest technology - especially 
if it can cut fractions of a second off the drivers' race time 

• Red Bull Racing spokesperson says that "3D printing is definitely 
the future of F1" 

• Red Bull Racing is already using 3D printing in a significant way 
for the development of their cars - using 3D test parts which are 
used on a 60% test version of their cars 

• Test cars act as models for aerodynamics and 3D printing saves 
money over traditional forms of manufacturing 

• Instead of building test cars out of expensive carbon fibre, they 
can print parts using resin and powder based 3D printers 

Blog 
(3DPrint.com) 

https://3dprint.c
om/8197/3d-
printing-f1-
racing/ 

Brian 
Krassenstei
n 
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Caterham Builds 
Formula One 
Racing Parts with 
3D Printing 

05-Mar-14 • Grand Prix cars like the Caterham CT05 represent the cutting 
edge in racing technology 

• Testing is an every day fact of life for F1 teams and designers; 
usually make 800 to 900 parts a month for prototyping 

• Caterham bought a pair of 3D printing machines to cut costs 
and speed up their design process - saves $67,000 per month 

• Parts are designed and printed at 60% scale before being 
tested for aerodynamic efficiency in the wind tunnel at the 
Caterham plant 

• Other F1 teams like Red Bull are also using 3D printing 
technology to manufacture metal parts on racing cars 

Article - Website 
(3D Printer 
World) 

http://www.3dpr
interworld.com/
article/caterham
-builds-formula-
one-racing-
parts-with-3d-
printing 

Todd 
Halterman 

How Formula 1 
turns 3D printing, 
big data and 
crappy bandwidth 
into sport 

20-Nov-13 • Lotus team is looking to data and high performance computing 
to build the actual car 

• There's an interplay between 3D printing and better performing 
hardware, which could mean that the Lotus team could generate 
a lot more data 

• 3D printing means that they can test more parts to supply even 
more data that feed back to improving the car 

• Before, the team adopted wide scale 3D printing, it made about 
600 parts per week for testing; now they test thousands 

• JIT manufacturing is not just for test parts - some pieces of the 
race day vehicle are printed using 3D printers such as the head 
protection bar on the car, which can take 14 tons of weight on it 
and printed using titanium powder 

Article – 
Website 
(Gigaom) 

https://gigaom.c
om/2013/11/20/
how-forumula-
1-turns-3d-
printing-big-
data-and-
crappy-
bandwidth-into-
sport/ 

Stacey 
Higginboth
am 
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Rapid Prototyping  • Rapid manufacturing (RM) decreases development time by 
allowing corrections to a product to made early in the process 

• RM can achieve extreme structural accuracy and is able to 
create almost any shape 

• Parts are first designed on a CAD (Computer Aided Design) 
system and then with the help of a 3D laser printing technology, 
and manufactured layer by layer until the model is completed 
form material in powder form 

• The first RM technique, Stereolithography, was developed by 
3D systems of Valencia, CA, USA 

• In the world of motorsports, time is everything Every team wants 
to be ahead when it comes to designing, wind tunnel testing 
and race track testing of their racer 

• RM in motorsports involves the use of solid freeform fabrication 
techniques to arrive at the physical model of the sports car 

• Aston Martin LMP1 prototype car design for a 2011 competition 
was entirely prototyped with the help of RM 

• 3D printer produced prototypes for concept and aero testing of 
Aston Martin's new chassis 

• Many racing teams are using a lot of WINDFORM carbon fibre 
filled materials for both wind tunnel models and racing cars 

Article - Website 
(Formula 1 
Dictionary) 

http://www.form
ula1-
dictionary.net/ra
pid_prototyping.
html 

- 

3D printing found 
early adopters in 
F1 

02-Mar-14 • Caterham revealed that the company is 3D printing between 800 
to 900 parts per month to speed up and reduce the cost of its 
design process 

• 3D printing saves the company as much as GBP40,000 each 
month and allows the company to print parts to exact 

Article - Website 
(3Ders.org) 

http://www.3der
s.org/articles/20
140302-3d-
printing-found-
early-adopters-
in-f1.html 

- 
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specifications, and the creation of titanium and aluminium parts 
via 3D is cheaper and faster 

• Other F1 teams like Lotus, Red Bull, and Force India have been 
using 3D printing for years 

• 3D printing allows the Lotus F1 Team to build some of its parts 
directly from digital data and produce components in hours 
rather than weeks 

• The new technology has also added benefit to Lotus' new ability 
to manufacture multiple iterations of the same part 
simultaneously 

• 3D printing has become an effective new manufacturing process 
for F1 teams to reduce cycle times and cost 

Graphite - 
Motorsport 

- • Motor racing teams, originally F1, have been early adopters of 3D 
printing / additive manufacturing for both test parts and functional 
on-car components 

• Graphite's Carbon SLS material is the "gold standard" for 
functional race car parts 

Website 
(Graphite - 
Additive 
Manufacturing) 

http://graphite-
am.co.uk/servic
e/motorsport/ 

- 

CA Models - 
Motorsport 

- • They 3D printed the double water inlet/outlet components using 
metal additive manufacturing technology 

• Guaranteed component strength as well as being light weight 
• Components were post-machined to exact tolerance 

specification and inspected for dimensional accuracy 

Website (CA 
Models) 

http://www.cam
odels.co.uk/sect
ors/ 

- 
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Utilizing 3D 
printing in Formula 
1 parts production 

 • Dash CAE turned to Stratasys 3D printing to cut lead times and 
utilise the tough FDM 3D printing materials; cutting prototyping, 
tooling and end-use part lead times by 83% 

• Dash CAE is also 3D printing parts that can be used directly on 
vehicles, including a 3D printed diffuser floor in Black ABSplus for 
Tesla 

• Dash CAE has established itself as a leading supplier of parts for 
high-end vehicles to leading OEMs 

• Today, the company's 3D printers are working around the clock - 
3D printing of moulds for carbon pre-pregs, and production of 
drill and bonding jigs 

• The decision on which AM technology to invest in was dependent 
on the technology's capability to produce vehicle components 
that could be functionally tested in harsh environments 

• Now they can produce large motorsport parts for customers, 
including the chassis, suspension and bodywork panels which 
are used for complete functional aerodynamic testing 

• They have also pioneered tooling for composite parts - both for 
direct and lost tooling 

• Also 3D printing parts that can be used directly on vehicles - 
diffuser floor in Black ABSplus for Tesla   

• Since bringing 3D printing in-house, there have been huge 
reduction in lead times for the production of parts and tools 

• The PC material's high tensile strength and the ULTEM 9085's 
well-vetted high-performance thermoplastic, are becoming the 
household choice for the direct manufacturing of production tools 
and fully-functional end-use parts 

Article - 
Magazine 
(Engine 
Technology 
International) 

http://www.engi
netechnologyint
ernational.com/
exclusive_article
s.php?ArticleID
=877 

- 
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3D printing 
transforms the 
automotive 
industry 

20-Jan-16 • 3D printing can allow for faster product innovations and key to 
transforming the supply chain 

• Lamborghini and Stratasys worked on a partnership to bring 3D 
printed parts for the Lamborghini Aventador, leading to the 
reduction of lead time, costs and weight of the car 

• Divergent Micro-factories, a new brand, introduced a new 
performance car with 3D printed parts 

• They developed a new way of assembling key components for the 
chassis 

• F1 team, Williams, announced a partnership with EOS, a German 
3D printer manufacturer 

• Its current printing system (EOS 3D) is used to 3D print Alumide - 
used to produce parts for functional testing, etc. - and Carbonmide 
- for F1 car parts 

• The new EOSINT 760 printer will allow for large parts production 
• Ford mainly uses 3D printing for prototyping 

Blog (Sculpteo) http://www.scul
pteo.com/blog/
2016/01/20/3d-
printing-
transforms-the-
automotive-
industry/ 

Arthur 
Cassaignau 

Additive 
Manufacturing 
Helps Drive F1 
Racing 

07-Jul-14 • Red Bull Racing and Lotus F1 Team have seized upon AM as a 
way to improve race car performance 

• F1 use AM for the rapid prototyping of new parts to be tested on 
60% scale models in a wind tunnel 

• 3D printing ensures a level of quality and accuracy for cheaper 
• AM also allows for quick turnaround times from conception to 

prototype and multiple prototypes can be built simultaneously 
• Aerodynamics is the most cost-effective way to extract 

performance and 3D Systems' technologies are now an essential 
part of aero development 

Article - Website 
(Rapid Ready 
Tech) 

http://www.rapi
dreadytech.com
/2014/07/additiv
e-
manufacturing-
helps-drive-f1-
racing/ 

John 
Newman 
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• Challenge to build for actual end-use - waiting for when materials 
and 3D printing technology have advanced for production use 

• Potentially, 3D printing can mean on-the-spot repairs on the track 
instead of bringing a pile of replacement parts and the pit crew 

Titanium F1 Roll 
Hoop proves 
concept 

 • 3T RPD have been gaining experience in building structural 
components for the Formula 1 motorsport sector 

• The roll hoop structure is one of the largest and most demanding 
in the view of Additive Manufacturing 

• This has received positive feedback from the F1 sector, helping 
them understand the capabilities of additive manufacturing and 
increase confidence in the performance of the materials produced 
by this technology 

Article - Website 
(3T RPD) 

http://www.3trp
d.co.uk/portfolio
/titanium-f1-roll-
hoop-proves-
concept/ 

- 

Industrial 3D 
printing yields 
success on the 
formula student 
circuits 

 • The GreenTeam and Renishaw (a premium sponsor) have 
collaborated to develop and manufacture optimised wheel careers 
for a Formula Student racing car, reducing the weight and making 
it their lightest vehicle to date 

• Titanium alloy is a wise material choice for lightweight, high 
strength and corrosion resistant components, however it's still 
difficult to machine and cast 

Article - Website 
(Renishaw) 

http://www.reni
shaw.com/en/in
dustrial-3d-
printing-yields-
success-on-the-
formula-
student-circuits-
-31908 

- 

Shaping the future 
of design with 
industrial 3D 
printing 

 • Formula 1 has been a fanatical user of industrial 3D printing 
• All F1 teams rely on it in the development phase and to make race 

car parts 
• Allows teams to create components which would be impossible to 

craft using traditional methods 

Article - Website 
(Raconteur) 

http://raconteur.
net/business/sh
aping-the-
future-of-
design-with-

- 
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• Williams grand prix engineering operations said that industrial 3D 
printing enables them to go straight from a CAD (computer-aided 
design) model to the machine. Within a few hours, the physical part 
is ready to test 

• Most common version at the industrial level is laser sintering - 
layers of powder are fused by a laser and ideal for making 
components of all sizes from micro-scale to large and complex 
parts 

• AM machines are used for producing low-volume complex 
prototypes, mostly for aerodynamic development, but also for 
some full-size F1 car parts 

• In Williams Advanced Engineering, machines that are used for 
producing prototype parts are for a variety of different applications 
- technology allows us to produce prototype working models 
without incurring high tooling and set up costs 

• Williams wants to work with them to establish focused areas of 
development where [they] can realise the benefit that this 
technology delivers and use it to improve the performance of the 
Formula 1 car 

industrial-3d-
printing 

Chinese Students 
Design 2 Formula 
1 Car Models 
Fitted with 3D 
Printed Steering 
Wheels 

25-Sep-15 • Both cars have been fitted with 3D-printed steering wheels, which 
have been designed to better fit the driver's hand, making driving 
and steering a more comfortable experience 

Article - Website 
(Inside 3D 
Printing) 

http://inside3dp
rinting.com/new
s/chinese-
students-
design-two-
formula-1-car-
models-fitted-
with-3d-printed-
steering-
wheels/35272/ 

Sandra 
Helsel 
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It's not just hype - 
3D printing is the 
bridge to the 
future 

19-Jun-15 • A company in the Netherlands is building a bridge in Amsterdam 
using 3D printing robots 

• 3D printing has been in use since the 80s, beginning as a means 
of prototyping objects through various stages of development 

• Main concern for many is that the properties of 3D printed 
materials are equal to their conventionally manufactured 
equivalents 

Article - Website 
(The 
Conversation) 

http://theconver
sation.com/its-
not-just-hype-
3d-printing-is-
the-bridge-to-
the-future-
43493 

Iain Todd 

3D Printing for 
Champions 

11-Dec-14 • Engineers at Caterham print around 800 - 900 units a month to 
speed up their design process 

• The Red Bull Team also expects to be able to print spare parts, 
even spoilers, during a race 

• Silverstone and Hockenheim 2014 Grand Prix were the first sports 
events to have 3D printed trophies (produced by RePro3D, a 
rapidly growing start-up) 

Article - Website 
(Raconteur) 

http://raconteur.
net/business/3d
-printing-for-
champions 

- 

EOS Enters 
Technical 
Partnership with 
Williams 

27-Nov-15 • Williams already owns two polymer EOS systems, and standard 
production materials are Alumide and Carbonmide 

• Alumide - for creating stable parts for functional testing, ranging 
from engine ancillaries to jigs and fixtures for laminate production 

• Carbonmide at Williams is used for production parts of F1 cars in 
conjunction with carbon composite laminates where improved 
strength is required 

• Through Williams Advanced Engineering business, Williams 
provides technical innovation that transfers the F1 tech solutions 
to mainstream industries such as automotive, motorsport, 
transport, energy and other sectors 

Article - Website 
(Williams) 

http://www.willi
amsf1.com/raci
ng/news/eosent
erstechnicalpart
nershipwithwillia
ms 

- 
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Additive 
manufacturing for 
product 
improvement at 
Red Bull 
Technology 

- • In F1, there's a strong motive to reduce component weight and 
improve efficiency 

• Advantages of AM manufacturing bring to the production of 
hydraulic components 

• Use of Direct Metal Laser Sintering (DMLS) production technique 
- weight reductions 

Publication 
(University of 
Warwick) 

http://wrap.war
wick.ac.uk/4638
4/ 

David 
Cooper, 
Mark 
Stanford, 
Kevin 
Kibble, 
Gregory 
Gibbons 

Further developing 
additive 
manufacturing for 
use in Formula 1 
racing 

03-Dec-15 • AM manufacturing offered by EOS will complement Williams' 
existing manufacturing processes to support their own AM 
development project 

• EOS can help [Williams] turn opportunities for AM applications into 
performance 

Article - Website 
(ASM 
International) 

http://www.asmi
nternational.org/
web/ims/news/-
/journal_content
/56/10180/2598
0281/NEWS;jse
ssionid=287632
7FA070C284CC
BB26A6585A4C
DA?p_p_id=web
contentresults_
WAR_webconte
ntsearchportlet_
INSTANCE_35i
DxUvqEPc6&p_
p_lifecycle=0&p
_p_state=norma
l&p_p_mode=vi
ew&p_p_col_id=
column-
2&p_p_col_pos
=2&p_p_col_co
unt=4 

- 
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Boeing and Lotus 
F1 Team Join 
Forces for 
Manufacturing 
Study 

16-Jul-14 • Boeing and Lotus are working together, studying additive 
manufacturing for use in building planes and cars 

• Selective laser sintering is usually used to manufacture prototype 
and production parts 

• SLS process isn't perfect as weaknesses can be found between 
the joined layers 

• They discovered that if they insert smaller, more randomly shaped 
carbon fibre particles a long with the larger patterned particles (into 
the layers), it formed a stronger bond with the polymer 

Blog (Flight 
Club) 

http://flightclub.j
alopnik.com/bo
eing-and-lotus-
f1-team-join-
forces-for-
manufacturing-
1605797379 

Paul 
Thompson 

3D Printing in the 
Automotive 
Industry 

04-Aug-14 • Many ways that the automotive industry is using 3D printing - 
prototyping of parts, form and fit testing, concept cars, parts in 
small series production, unique cars and motorsport 

• F1 makes extensive use of prototyping and parts in the car such 
as gearboxes 

Article - Website 
(Inside 3DP) 

http://www.insid
e3dp.com/3d-
printing-
automotive-
industry/ 

Joris Peels 

The rise of additive 
manufacturing 

24-May-10 • Traditional manufacturing processes - subtractive - often removes 
up to 95% of raw material to arrive at the finished product 

• AM only uses material they need to make the part 
• AM changes the kind of products you can make and the way you 

design things and enables the production of lightweight optimised 
components that are impossible to make with traditional 
techniques 

• Motorsport sector acts as a bridge between aerospace and the 
automotive supply chain 

• Another issue holding back the wider deployment of AM is the 
range of limitations of existing design software - conventional CAD 

Article - Website 
(The Engineer) 

http://www.thee
ngineer.co.uk/is
sues/24-may-
2010/the-rise-
of-additive-
manufacturing/ 

Kate 
Cummins 
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systems and design tools aren't up to dealing with this kind of 
complexity 

Five Questions to 
Shape a Winning 
3D printing 
strategy 

2015 • The global additive manufacturing market is expected to 
experience double digit growth in the next five years 

• Some use it for specific purposes only, e.g. Ferrari uses AM for 
select applications like making full-scale model parts, testing 
components in wind tunnels and assembling components for F1 
race cars 

• On the other hand, the technology could be embedded into the 
entire product value chain 

• Companies, e.g. BMW, Ducati and Logitech introduce AM for 
prototypes which has proven superior in cost and lead time 

• Companies can learn about AM on their own, temporary 
partnerships, or acquiring a company with the capabilities 

• AM technology will influence make-or-buy decisions, so it'll have 
an effect on potential suppliers 

• Adopting AM typically shifts effort from production plant and 
supply chain management functions to the engineering and 
production planning and control functions 

• It requires limited labour for machine management 

Report (Bain & 
Company) 

http://www.bain
.com/Images/B
AIN_BRIEF_Five
_questions_to_s
hape_winning_i
n_3-D.pdf 

Pierlugi 
Serlenga, 
Francoise 
Montaville 

Bloodhound Paper 
Reveals 
Aerodynamic 
Challenges 

14-Apr-14 • Renishaw created key prototype components for the 
BLOODHOUND (a supersonic car) 

• They were able to produce the nose tip, which is hollow but highly 
rigid and can vary the wall thickness of the tip to minimise weight 

Article - 
Magazine (TCT 
Magazine) 

http://www.tctm
agazine.com/3D
-printing-
news/bloodhou
nd-paper-
reveals-

Rose 
Brooke 
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aerodynamic-
challenges/ 

Competitive 
Advantage for All 

- • Toyota Team Europe (TTE) has accrued experience in the art and 
science of quickly making things that go fast 

• Working with 3D parts limited, they have improved their 
manufacturing 

• 10 SLA machines were operating 24/7 producing thousands of 
parts a week and turnaround times were often exceptionally high 

• It's helping TMG establish themselves as a go-to partner for ultra-
fast service and high quality parts 

• Protection of IP surrounding parts is on par with the need for 
unparalleled quality in the real world 

• TMG are uniquely positioned as independent suppliers to multiple 
hyper-competitive F1 teams 

Article - 
Magazine (TCT 
Magazine) 

http://www.tctm
agazine.com/3D
-printing-
news/competitiv
e-advantage-
for-all/ 

Jim 
Woodcock 

Additive 
Manufacturing 
(AM) - 
Opportunities in a 
digitalised 
production 

23-Jun-15 • AM for individual products allows for rapid processes 
• Offers new opportunities for lightweight design, efficient products 

and materials with improved characteristics 
• Labour costs have nearly no relevance to production 
• Spare parts will be in 3rd parties or OEM AM factories 
• The automotive production manufacturing readiness level is still 

relatively low compared to aerospace and tooling 

Report (Roland 
Berger) 

https://www.rol
andberger.com/
media/pdf/Rola
nd_Berger_Addi
tive_Manufacturi
ng_Opportunitie
s_in_a_digitalize
d_production_2
0150714.pdf 

- 

Industrial 
applications of 
Renishaw metal 
additive 

- • Metal additive manufacturing allows metals to be build with few 
limitations in geometry 

• It's also complementary to traditional subtractive methods and can 
be easily integrated into existing production 

Article - Website 
(Renishaw) 

http://www.reni
shaw.com/en/in
dustrial-
applications-of-
renishaw-metal-

- 
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manufacturing 
technology 

• Reduces development time, production steps, costs and use of 
material 

• Motor sport industry have adopted metal AM for the production of 
customised parts, for example cooling ducts 

• Development contributes to a high proportion of work in this 
industry, and speed of turnaround of prototyped parts is key to 
competitive advantage 

additive-
manufacturing-
technology--
15256 

Future Perfect? 
Additive 
Manufacturing, 3D 
Printing and the 
bright future for 
the UK's new 
breed of high 
performance 
engineers 

19-Nov-14 • 3D printing is changing the way things can be made and it 
increases design freedom for engineers 

• Materials development is key to the growth of 3D printing in 
manufacturing, but real gains will come from digital fabrication and 
not just 3D printing alone 

• A wide range of components in the F1 industry has been 
manufactured using AM - Selective Laser Sintering (SLS), 
Selective Laser Melting (SLM), Fused Deposition Modelling (FDM) 
and the adoption of materials including functional thermoplastics 
and metals 

• Parts are directly manufactured for testing on large scale wind 
tunnel development models, for actual car test and race car parts, 
rapid design optimisation, and reducing tooling times of composite 
components 

• AM isn't bringing significant advantage to making actual end use 
parts but using it to bypass long lead manufacturing processes, 
such as tooling for composites and allowing direct manufacture 
from AM tooling 

• Supply chain is shortened, but there might be a misconception that 
3D printing means everything is made 'onsite' and 'on demand' 

Article - Website 
(KW Special 
Projects  

http://www.kws
pecialprojects.c
om/newsArticle.
html?Future-
Perfect-br-
Additive-
Manufacturing-
3D-Printing-
and-the-bright-
future-for-the-
UK-s-new-
breed-of-high-
performance-
engineers-br-8 

- 
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• Need some skills to operate them, raw materials to feed them with 
and infrastructure to operate them 

• Real advantage - ability to produce complex parts 
• AM requires a digital file, which is easier to share, steal, copy than 

a large, complex, and expensive piece of tooling 
• Quality control and product testing will be key issues moving 

ahead 

Nissan 
Motorsports and 
Evok3D Beat the 
Head with 3D 
printing 

13-Oct-14 • Nissan turned to Evok3D who helped them quickly prototype their 
new design with 3D printing technology 

• When Nissan was designing their new driver cooling system, they 
faced another problem - discovered an issue with rear vehicle 
aerodynamics (which was a major hindrance to the cars 
performance) 

Article - Website 
(3D Printing 
Industry) 

http://3dprinting
industry.com/20
14/10/13/nissan
-motorsports-
evok3d-3d-
printing/ 

Scott 
Grunewald 

Materials 
Solutions: 
Expertise in metal 
Additive 
Manufacturing for 
the aerospace and 
motorsport 
industries 

May-15 • Selective laser melting (SLM) means that you have the ability to 
form parts without moulds or tools and from a single form of raw 
materials means that lead-times for new designs are reduced and 
cost of low volume parts are lower 

• This process also has the ability to form complex parts previously 
fabricated using multiple operations, leading to increased reliability 
and lower costs 

• AM process conditions need to be tailored to optimise fully the 
response of each particular alloy type and it can be concluded that 
the greatest benefits will be achieved when new alloys are 
specifically designed to match the requirements of the AM process 

Report 
(Materials 
Solutions 
Limited) 

http://materialss
olutions.co.uk/w
p-
content/uploads
/2015/05/Materi
als-Solutions-
may-2015.pdf 

David 
Whittaker 
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• Recently, the company has added titanium capability and is 
building parts for aircraft and motorsports applications 

Windform 3D 
Printing 
technology 
customises the 
automotive world 

17-Nov-15 • Windform materials were initially used to quickly manufacture 
parts and components for the motorsport sector which could then 
be test on track and in wind tunnels 

• Energica, the electric motor produced by Energica Motor 
Company, was created and developed with Windform 3D printing 
technology 

• 3D printing allowed the freedom of form, and when combined with 
Windform materials, it was possible to create highly complex 
masks with a strong aesthetic impact 

• It highlights a new production approach involving the automotive 
industry, which has to deal with the demand for customisation in 
the market 

Article - Website 
(CRP 
Technology) 

http://www.crpt
echnology.com/
2461-windform-
3d-printing-
technology-
customizes-
automotive-
world.html 

- 

Motorsport - • Rapid development lead time and the ability to customise vehicles 
around their driver at a relatively low cost makes AM capabilities a 
must in motorsport 

• There are a number of applications - custom tooling to aid in the 
production of CFRP components, direct production of manifolds 
and fairings through to the production of light-weight or high 
efficiency metal engine parts 

Article - Website 
(RJ Bradley 
Consulting) 

http://www.rjbra
dley.com/motor
sport.html 

- 

3D printing the 
DeltaWing 

- • CRP Group assisted the construction of parts for the DeltaWing 
race car and constructed headlight covers for Energica, its electric 
motorcycle 

Article - 
Magazine (PMW 
- Professional 

http://www.pm
w-
magazine.com/

- 
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• Combination of 3D printing and carbon fibre reinforced the 
Windform material, and led to the reduced construction time of the 
vehicle, and the material provided the essential stiffness required, 
without affecting the weight 

• With 3D printing, DeltaWing were able to construct a very complex 
geometry, keep gentle radii in the oil passages, and get rid of all 
unnecessary material without introducing more costs or increasing 
lead time 

Motorsport 
World) 

articles.php?Arti
cleID=536 

3D printing, 
additive 
manufacturing, 
product 
development 

2015 • Huge shift in the market is required before companies can fully 
benefit from new possibilities that 3D printing offers 

• Mass customisation supported by 3D printing allows companies 
to shift from large series of low margin identical products to large 
volumes of high margin customised products 

• It's also possible to slash the entire supply chain by 3D printing at 
localised facilities 

• Current challenges - 3D printing technologies are currently too 
expensive for mass adoption and it'll take time for designers and 
engineers to fully understand the economic tenets of 3D printing 

• There is also a need for skilled and experienced people to operate 
AM systems 

Article - 
Magazine (New 
Design 
Magazine) 

http://www.new
designmagazine
.co.uk/downloa
ds/3D-printing-
Additive-
manufacturing-
Product-
development.pd
f 

- 

Additive 
manufacturing: 
Opportunities and 
constraints 

23-May-13 • For low-volume production, AM offers faster lead times than 
traditional manufacturing methods and is more sustainable 

• In F1, engineers are using AM to manufacture parts in a highly 
reactive way - they can analyse the car's performance while it goes 
round the circuit and have a new part getting ready before it 
finishes the race 

Report - 
Summary of 
Roundtable 
(Royal Academy 
of Engineering) 

http://www.raen
g.org.uk/publica
tions/reports/ad
ditive-
manufacturing 

- 
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• Rolls Royce is verging on using AM to manufacture entire 
components - CAD geometric design to finished component in one 
month instead of a year 

Technology 
transfer: 3D 
printing from 
racing to 
automotive 

- • How technologies like 3D printing which is usually used in racing, 
can be transferred into automotive applications 

• Example - manufacture of parts for the DeltaWing race car and the 
headlight covers for CRP's Energica electric motorcycle 

• Use of 3D printing and windform materials were crucial to shorten 
the timing of the car construction 

Article - Website 
(Racecar 
engineering) 

http://www.race
car-
engineering.co
m/articles/techn
ology/technolog
y-transfer-3d-
printing-from-
racing-to-
automotive/ 

- 

Development of 
Additive 
Manufacturing 
Technology 

22-Nov-13 • Aston Martin racing team developed the LMP1 racing car for the 
2011 Le Mans competition in 6 months due to highly advanced 3D 
printing in the conceptual mock up stage 

• AM leads to cost savings and potential environmental benefits too 
as it's subtractive manufacturing 

• Prices of printers are likely to drop as patent expires too, e.g. FDM 
expired in 2009 and there was an explosion of open source FDM 
printers 

• Printing process is very energy consuming, so it might not have a 
positive impact on the environment 

• AM has good results when it comes to precision and complexity 
of the product 

• First OEMs (Original Equipment Manufacturer) are starting to fit 3D 
printed components onto their production cars 

Journal Article 
(Norwegian 
University of 
Science and 
Technology) 

https://www.ntn
u.no/documents
/10401/1264433
962/ErikArtikkel.
pdf/92ff1f88-
c0cb-4b28-
b605-
21c354301281 

Erik Sætre 
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• Bentley and Jaguar are committing to another AM technology, 
Jetting systems - They were able to develop more complex multi-
material parts quicker 

• The technology enables Bentley's design team to easily produce 
small-scale models and full size parts for assessment prior to 
production on the assembly line - every part is prototyped in 
miniature scale 

• The motor sport industry is using AM for direct digital 
manufacturing (DDM) of production parts - demonstrates that 
additively manufactured parts have quality and durability to meet 
some of the toughest demands there are 

• Hard to know exactly what they're doing because guarding 
valuable secrets is a tradition and can give a competitive edge 

• FDM parts have proven to be strong enough, Prodrive uses the 
FDM machine nearly full time for production parts that include 
gauge pods, wheel arches and hood vents 

• Formula 1 and Nascar also use AM 
• F1 - all teams build 60% scale models for aerodynamic testing in 

designated wind tunnels; for a quicker process, AM is used 
• Minor production / race parts are starting to be manufactured 

additively 
• 3D printing of parts have also been so essential in F1, the Red Bull 

racing team in 2011 decided to bring two 3D printers around onsite 
to every race 

• Implementation of 3D printed production components proves that 
AM can move prototyping to production, and maybe even mass 
production 

• AM is producing parts that are lighter but with equal strengths, but 
3D printing is also known for being a sensitive process where the 
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slightest change in production conditions can alter the mechanical 
properties of manufactured components 

• Another obstacle is materials limitation (improbable to produce 
some parts with complex geometries since array of materials 
available is more compacted than with traditional manufacturing 
techniques today) 

• AM gives flexibility to iterate while facilitating faster turnaround 
resulting in products arriving to market quicker; there's also an 
ecological factor to it 

Caterham drives 
F1 car design with 
3D printing 

24-Feb-14 • Caterham has been making 800 to 900 parts a month through 3D 
printing 

• They have bought two of its own 3D printing machines to speed 
up and reduce cost of design process 

• These machines are necessary to improve the performance of the 
car 

• Once tested, a part can be quickly adapted and improved before 
it gets the goa head to be made and included on the full scale 
racing car 

Article - Website 
(Financial 
Times) 

http://www.ft.co
m/cms/s/0/886a
20ae-9c7b-
11e3-b535-
00144feab7de.h
tml#axzz46BCt
HrEB 

Tanya 
Powley 

3D printers 
producing factory 
goods 

11-Dec-14 • The 3D printing industry will grow from $1.15 billion in 2013 to $4.8 
billion in 2018 

• It can have a huge impact on everything, from the design process 
to production, storage, installation and recycling 

• Storage and transport can be cheaper, products can be created 
on site, and even installation can be easier if the function of 
multiple products is integrated into one 

Article - Website 
(Raconteur) 

http://raconteur.
net/business/3d
-printers-
producing-
factory-goods 

Nick 
Martindale 
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• Contemporary manufacturing models require scale and 
standardised design to produce high volumes of products, the new 
manufacturer is poised for one-off or small batch production 
depending on which 3D printing technology it uses 

• 3D printing also saves on labour costs as the machines can run 
with minimal supervision 

• When 3D printing technology is available on site, spare par—ts can 
be stored digitally, ready for when the required part needs to be 
produced - warehousing and inventory costs can then be reduced 
and the lengthy and expensive process of transporting parts could 
be eliminated 

• It could also have implications for how organisations set up their 
supply chains 

• Traditionally, maintenance services are separate to the company 
who originally manufactured the product (OEM), but providing 
downloadable blueprints would be a small step for manufacturers 

Design and 
manufacture of 
high performance 
hollow engine 
valves by Additive 
Layer 
Manufacturing 

15-Mar-15 • High performance engine vales have been redesigned using ALM 
• ALM of metallic components provides significant opportunities for 

the reduction of component weight, in order to realise 
improvements in vehicle fuel efficiency or performance 

Journal Article 
(Materials & 
Design) 

http://www.scie
ncedirect.com/s
cience/article/pii
/S02613069140
09376 

David 
Cooper, 
John 
Thornby, 
Nic 
Blundell, 
Ross 
Henrys, 
Mark 
Williams, 
Gregory 
Gibbons 
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Will 3-D Printing 
Change the World? 

- • Since prototypes are cheaper and faster to produce, more risks 
can be taken and innovative creatives will no longer have to play it 
safe 

• Enables designers to experiment with new bespoke solutions for 
products, creating an explosion in the need for training to cope 
with the new method of production 

• Great for producing one off or small quantity objects 
• Real potential of AM lies in innovation, modelling and prototyping 
• However, it can't simply rip the traditional industry; even with 

improved technology, a gradual and sustainable method of 
merging the two processes into a single mode of production by 
focusing on the training of individuals to cope with the changing 
landscape 

Article - Website 
(Institute of 
Supply Chain 
Management) 

http://www.iosc
m.com/2015/09
/08/will-3-d-
printing-
change-the-
world/ 

- 

3D Printing and the 
Future of 
Manufacturing 

03-Mar-14 • 3D printing allows engineers and designers to imagine and create 
products in a number of hours with no wasted materials 

• Creating and testing can happen at a fraction of the cost of 
manufacturing them traditionally, however it’s not beneficial for 
manufacturing large amount of parts 

• Prodrive, motorsport technology designers have already seen a 
transformation in how they do business with the investment of a 
3D printing machine 

• Creates specialised parts which can be manufactured on demand 
• Potential issues: pertaining to IP laws - easy to print an object 

omitting the trademark element 

Article - Website 
(Fascia 
Graphics 
Limited) 

http://www.fasci
agraphics.co.uk
/blog/3d-
printing-and-
the-future-of-
manufacturing 

- 

Thinking ahead the 
Future of Additive 

2011 • Today, the automotive industry is already a major use of Rapid 
prototyping equipment 

Report (Direct 
Manufacturing 

http://www.uni-
paderborn.de/fil

Prof. Dr.-
Ing. Jürgen 
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Manufacturing - 
Analysis of 
Promising 
Industries 

• AM technologies are being applied for manufacturing of functional 
prototypes and small and complex parts for luxury and antique 
cars 

• In motorsport, high performance and low weight plays a central 
role and AM is particularly appropriate as requirements of high 
quality functional components and shortening production times 
are constantly rising 

• AM is already being used for concept modelling, functional testing, 
rapid manufacturing, and production planning across the 
automotive industry 

• It's only used for prototyping and DM of small, complex and non-
safety-relevant components within small series, as process 
reliability and consistency of products is still limited 

• E.g. Ducati engine by Stratasys, assembly assists for series 
production by BMW and Jaguar, replacement of series parts that 
are defected, eg. cover flaps by Lamborghini 

• Value creation potential for DM Technology can support the 
development process of new cars 

• AM can be applied for manufacturing small series of functional 
parts - cheaper realisation of small series production, as design 
and manufacturing tools become dispensable 

• AM allows automotive suppliers to offer several design proposals 
and enables the OEM to identify the best solution by means of 
performance tests 

Research 
Center) 

eadmin/dmrc/06
_Downloads/01
_Studies/DMRC
_Study_Part_1.p
df 

Gausemeie
r 

Wohlers Report 2015 • Italy  
o Stratasys and 3D Systems are experiencing progress growth 

in the plastic AM market 

Report 
(Wohlers) 

[sent by Paolo 
Aversa] 
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o Main goals in Italy: creation of new market segments, 
improving validation and control methodologies, designing 
new concepts, and developing novel structures and materials 

o Internet based AM services are also increasing, providing the 
general population with fast and inexpensive access to AM 
technologies 

• UK 
o The National Centre for Net Shape and Additive 

Manufacturing has now been established at the MTC – centre,  
net shape manufacturing of parts using moulds  

o Renishaw plc is the UK's only manufacturer of industrial AM 
machines 

o Graphite Additive Manufacturing has developed a new 
material for laser sintering named Graphite SLS - sold as an 
intermediate material between standard polyamide and the 
company's own F1 racing material, Carbon SLS 

• Automotive 
• Large manufacturers invested in AM machines after they were 

commercialised, and adopted AM for prototyping and rapid 
product development Main goals in Italy: creation of new market 
segments, improving validation and control methodologies, 
designing new concepts, and developing novel structures and 
materials 

From racetrack to 
orbit, an additive 
revolution 

18-Nov-15 • Windform materials were strongly used in the motorsport industry, 
for end parts and wind tunnel prototypes 

Journal Article 
(Reinforced 
Plastics) 

http://www.scie
ncedirect.com/s
cience/article/pii
/S00343617150
07080 

Francesca 
Cuoghi 
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• Windform assures the maximum mechanical performance for 3D 
printing and additive manufacturing - characterised by high 
stiffness, excellent strength and reduced weight 

• Can replace finished parts for small run production that are usually 
made with standard technologies, e.g. injection mould, lamination 
of carbon fabric and metal replacement 

• Windform GT is highly elastic and resistant to liquids - suitable in 
motorsports, air ducts, intake and cooling systems, and all 
applications that need a good flexibility and resistance to damage 
(e.g. racing components near the ground) 

3D Printing helps 
Improve on-track 
performance 

- • HTW Motorsport improve their cost and workflow efficiencies and 
increased on track performance with its Formula type race car by 
using Stratasys 3D printing tech 

• The partnership means they can leverage on FDM and PolyJet 3D 
printing technologies to design and produce engine parts for 
different cars 

Article - 
Magazine 
(Industrial 
Technology) 

http://www.indu
strialtechnology.
co.uk/products-
-3d-printing-
helps-improve-
on-track-
performance.ht
ml 

- 

Additive 
Manufacturing: 
Strategic Research 
Agenda 

Feb-14 • There are several benefits of AM in the production of concept cars 
- process means more design freedom, allows concept cars to be 
built faster 

• 3D models can be used from concept creation to production 
planning, allowing design engineers to speed up and improve the 
development process 

Report 
(Strategic 
Research 
Agenda) 

http://www.rm-
platform.com/lin
kdoc/AM%20S
RA%20-
%20February%
202014.pdf 

- 
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Emergence of the 
Digital Supply 
Chain - How can 
your Business 
Leverage 3D 
printing to realise 
competitive 
advantage? 

27-May-15 • There's a potential for 3D manufacturing to transform the whole 
process by consolidating parts, reducing labour and eliminating 
tooling 

• Examples of use in Motorsport - evok3D & Nissan Motorsport in-
house 3D printing, Nismo Driver cooling system, Electronics and 
switch gear mounting, preproduction tooling and concept 
modelling 

PowerPoint 
(EVOK3D) 

http://www.sma
rtconference.co
m.au/wp-
content/uploads
/2014/12/Joe-
Carmody.pdf 

Joe 
Carmody 

Strengthening UK 
manufacturing 
supply chains: An 
action plan for 
government and 
industry 

Feb-15 • Flexible processes, e.g. AM will reduce the importance of 
economies of scale in some types of manufacturing and support 
greater localisation of the supply chain and mass customisation of 
products 

• Technological advances are set to transform modern 
manufacturing and increase consumer demand for bespoke 
products 

Report (UK 
Government) 

https://www.go
v.uk/governmen
t/uploads/syste
m/uploads/attac
hment_data/file/
407071/bis-15-
6-
strengthening-
uk-
manufacturing-
supply-chains-
action-plan.pdf 

- 

How 3D Printing 
Disrupted the 
Automotive 
Industry 

02-Mar-16 • Williams is always assessing 3D printing tech to extend its 
application to direct production 

• Currently, there are a limited number of non-critical plastic 
components directly produced with 3D printing on the track cars 

• Movement towards more heavy-duty production of parts is 
similarly reported by Dan Walmesley of Strakka Racing 

• It was all about prototyping to save time in the early stages of 
product development, but now it's progressed to functional 
prototyping and wind tunnel testing 

Blog (RPES) http://blog.rp-
editorialservices
.co.uk/2016/03/
how-3d-
printing-
disrupted-
automotive.html 

Rachel 
Park 
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• 3D printed production parts are specific to their requirements to 
produce a one of a kind car that gives them a competitive 
advantage 

• Automotive OEMs and their suppliers have adopted and accepted 
3D printing processes as an essential tool that's improved the 
product development process in a way that no other technology 
could have 

Our Future with 3D 
Printers: 7 
Disrupted 
Industries 

29-Oct-13 • 3D printing will manufacture vehicle parts and even whole cars; 
high-end, specialty cars that have relatively small production runs 
will particularly benefit 

• Bentley - a company that has demonstrated feasibility of using 3D 
printing for small, complex parts 

Article - Website 
(Forbes) 

http://www.forb
es.com/sites/eh
rlichfu/2013/10/
29/our-future-
with-3-d-
printers-7-
disrupted-
industries/#488
d5ae930a5 

Thomas 
Ehrlich, 
Ernestine 
Fu 

7 Ways 3D Printing 
is already 
disrupting global 
manufacturing 

29-Jun-15 • Instead of holding a lot of inventory, there could be virtual inventory 
- printing on demand instead 

• With 3D production, you have the "long tail of parts" - holding on 
to the digital design files and you can print any part for as long as 
it's needed 

Article - Website 
(Forbes) 

http://www.forb
es.com/sites/ric
ksmith/2015/06/
29/7-ways-3d-
printing-is-
already-
disrupting-
global-
manufacturing/2
/#162c8124198
9 

Rick Smith 
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Focus on 3D 
printing: new 
opportunities and 
new challenges 

11-Oct-13 • 3D printing presents huge opportunities in new and emerging 
markets - ability to produce prototypes in a quick, cost efficient 
and accurate way 

• New materials and techniques also mean that high complex and 
innovative designs can be produced 

• F1 teams can also manufacture and develop updated parts quickly 
and in time for the next race 

Article - Website 
(Bird & Bird) 

http://www.two
birds.com/en/ne
ws/articles/2013
/global/design-
rights/focus-on-
3d-printing-
new-
opportunities-
and-new-
challenges 

Joe Berg 

How 3D Printing 
could transform a 
$20 billion Industry 

18-Jun-15 • Michael Fuller wanted to use 3D printing to create a new heat 
exchanger half the weight of existing designs 

• With new techniques around 3D printing, large engineering 
projects won't have to outsource complex assemblies of 
components to be manufactured on the other side of the world 

• He foresees a manufacturing base that's smaller, faster and more 
reactive, with capabilities that are much better than today's 

• F1 used the technology for prototyping, producing small parts 
which could decentralise manufacturing – idea of making parts at 
the point of use 

Article - Website 
(Backchannel) 

https://backcha
nnel.com/how-
one-australian-
entrepreneur-is-
about-to-
disrupt-a-20-
billion-industry-
you-ve-never-
heard-of-
254afd0269e8#.
fraueeyml 

Angus 
Harvey 

Following the 
Formula - Driving 
Innovation in 
Motorsport 

21-May-14 • Regulatory changes have challenged the capabilities of both 
teams and drivers, e.g. limiting teams to a max of five engines for 
the season duration, engine capacity regulations as part of a 
continued trend towards lightweighting and downsizing 

• Requirements for innovative motorsport solutions has created a 
significant opportunity for supply chain engineers 

Article - Website 
(Grainger and 
Worrall) 

http://www.gwc
ast.com/en/201
4/05/21/followin
g-formula-
driving-
innovation-
motorsport/ 

- 
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• These changes have acted as a catalyst to innovation, with 
partners along the supply chain taking on the challenge to find new 
solutions 

• 3D printing has helped accelerate the process avoiding cost and 
time 

• Grainger and Worrall, have introduced specific technologies such 
as CT (computer tomogrpahy) and 3D printing 

The impact of 3D 
and AM in the Auto 
Industry 

20-Aug-15 • For the OEM, it would be attractive to print on demand for slow-
moving parts (this would not change the supply chain completely, 
but the supply chain would start at the warehouse) 

• 3D printing is attractive for small parts because you need less 
material 

• It would be cheaper to produce high-volume parts with 
conventional processes where fixed costs are long paid 

• 3D printing is cost competitive for low volumes and enables 
efficient maintenance operations, as spare parts and tools can be 
3D printed on demand and on-site, beneficial for sites that are 
remote or hard to access 

• Reduces time and costs associated with prototyping parts and 
refining their design 

Article - Website 
(The 3D Printing 
Association) 

https://www.the
3dprintingassoci
ation.com/news
/post/the-
impact-of-3d-
and-am-in-the-
auto-industry 

- 

The 3-D Printing 
Revolution 

01-May-15 • Fabricating an object layer by layer means there are options for 
customisation and designs of greater intricacy 

• There will be more integration of activities across designers, 
makes, and movers of goods, digital platforms will have to be 
established 

Article - Website 
(Harvard 
Business 
Review) 

https://hbr.org/2
015/05/the-3-d-
printing-
revolution 

Richard 
D’Aveni 
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• As companies are freed from many of the logistical requirements 
of standard manufacturing, they have to look anew at the value of 
their capabilities and other assets 

• Some companies are setting up contract "printer farms" that will 
commoditise the product making on demand 

• Owners of printer-based manufacturing assets will compete with 
owners of information for profits generated by the ecosystem 

How 3D printing it 
set to shake up 
manufacturing 
supply chains 

25-Nov-14 • 3D printing can reduce transportation costs - businesses can 
station local manufacturing centres closer to strategic markets – 
leading to a quicker turnaround 

• Simple spare parts can be sold globally by downloading a 3D 
printing file, or a shop can print it on demand 

• This will also reduce manufacturer's dependency on 3PL's 
distribution capabilities 

Article - Website 
(The Guardian) 

http://www.theg
uardian.com/su
stainable-
business/2014/
nov/25/how-3d-
printing-is-set-
to-shake-up-
manufacturing-
supply-chains 

Hans-
Georg 
Kaltenbrun
ner 

3-D printing takes 
shape 

Jan-14 • Today, 3D printers can handle materials such as titanium and 
human cartilage; ability to produce fully functional components 
including complex mechanisms, batteries, transistors and LEDs 

• Capabilities of 3D printing hardware are also evolving - can build 
larger components and achieve greater precision and finer 
resolution at higher speeds and lower costs 

• This can transform manufacturing flexibility - decrease 
development time, eliminate tooling costs, and simplify production 
runs – accelerating product development cycles 

• Improve productivity of materials by eliminating the waste that 
accrues in traditional manufacturing 

Article - Website 
(McKingsey & 
Company) 

http://www.mck
insey.com/busin
ess-
functions/operat
ions/our-
insights/3-d-
printing-takes-
shape 

Daniel 
Cohen, 
Matthew 
Sargeant, 
Ken 
Somers 
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• Ability to manufacture replacement parts on demand using 3D 
printers could transform the economics of aftermarket service and 
the structure of industries 

CSC - 3D Printing 
and the Future of 
Manufacturing 

Fall 2012 • 3D printing has been applied to low-volume production, products 
can be more superior (lighter, stronger, customised, already 
assembled) and cheaper compared to traditional manufacturing 
processes 

• It's possible to create structures that can't be produced using 
conventional means 

• One machine can create a variety of products, not limited to just 
one type like the assembly line machines 

• The Urbee, known as the world's first printed car (created by KOR 
EcoLogic) 

• BMW used 3D printing to create ergonomic, lighter versions of 
their assembly tools to increase worker productivity 

• 3D printing can also make a big difference in marketing - instead 
of showing a CAD drawing as part of a bid proposal, you could 
have the full-scaled 3D model 

Report (CSC 
Leading Edge 
Forum) 

http://assets1.c
sc.com/innovati
on/downloads/L
EF_20123DPrint
ing.pdf 

- 

3D Printing at the 
cutting edge of 
racing 

- • Magneti Marelli Brazil, a Tier One component supplier of 
Automotive parts to manufacturers around the world, worked with 
CRP Group for 3D printing 

• Benefits - the part could be analysed directly, mounted in the card, 
recording the results of testing 

Article - Website 
(Racecar 
Engineering) 

http://www.race
car-
engineering.co
m/articles/featur
es/3d-printing-
at-the-cutting-
edge-of-racing/ 

Sam 
Collins 
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3D printing 
transforms the 
automotive 
industry 

20-Jan-16 • 3D printing can allow for faster product innovations and key to 
transforming the supply chain 

• Lamborghini and Stratasys worked on a partnership to bring 3D 
printed parts for the Lamborghini Aventador, leading to a reduction 
in lead time, costs and weight of the car 

• Divergent Microfactories, a new brand, introduced a new 
performance car with 3D printed parts 

• They developed a new way of assembling key components for the 
chassis 

• F1 team, Williams, announced a partnership with EOS, a German 
3D printer manufacturer 

• Current printing system (EOS 3D) is used to 3D print Alumide for 
functional testing parts and Carbonmide for F1 car parts 

• The new EOSINT 760 printer will allow for large parts production 
• Ford mainly uses 3D printing for prototyping 

Blog (Sculpteo) http://www.scul
pteo.com/blog/
2016/01/20/3d-
printing-
transforms-the-
automotive-
industry/ 

Arthur 
Cassaignau 

From Rapid 
Prototyping to 
Rapid 
Manufacturing 

Mar-02 • Laser sintering started as a way for prototyping, saving money and 
time but today the systems are emerging as production sites for 
small series, producing at eve faster rates with increasing build 
envelopes and they're highly automated as well 

• Excellent mechanical strength, resistance to high temperature and 
outstanding surface quality 

• TMG uses laser sintering for building test components and 
components to be used on the wind tunnel model 

• Direct laser sintering of plastic parts can be more cost effective 

Journal Article 
(Auto 
Technology) 

http://link.spring
er.com/article/1
0.1007%2FBF0
3246677#page-
1 

Michael 
Stöcker 
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Transforming 
Production Cars 
into Race Winners  

Oct-08 • In order to transform production cars into race winners, engineers 
at Seat Sport rely on a set of computer-aided tools for design, 
simulation and manufacturing, supplied by PTC, a provider of 
product lifecycle management (PLM) software for the 
manufacturing industry 

• Seat Leon has lived up to its expectations - Spanish manufacturer 
was first to gain a victory in a World Championship race in the past 
2007 season 

• Spanish car manufacturer Seat, a subsidiary of the Volkswagen 
Group, showcased the sporting talents of its new Seat Leon - in 
five months, engineers at Seat Sport, the company's motorsport 
division, redesigned the production car for the FIA World Touring 
Car Championship (WTCC) 

Journal Article 
(ATZautotechnol
ogy) 

http://link.spring
er.com/article/1
0.1007%2FBF0
3247086 

Klaus 
Wiedeman
n, Benoit 
Bagur 

Sector report: UK 
Motorsport 

13-Jul-15 • Combination of composites with 3D printing - Shelby Cobra sports 
car (200kg of parts produced by using Broad Area Additive 
Manufacturing – BAAM, a process which can manufacture large 
composite components) 

• First drivable 3D printed car, the Strati, appeared in Sep 2014 and 
components using BAAM took 44 hours 

Report 
(Manufacturing 
and Engineering 
Magazine) 

http://www.me
muk.org/manufa
cturing/sector-
report-uk-
motorsport-903 

- 

Giant ovens and 
cake: The 
secretive world 
where McLaren F1 
cars are made 

26-Sep-15 • McLaren racing team director - future will be trackside printing of 
parts 

Blog - CNN http://edition.cn
n.com/2015/09/
25/motorsport/f
ormula-one-
inside-the-
mclaren-
factory-

Sarah Holt, 
Amanda 
Davies 
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feature/index.ht
ml 

Past Imperfect - 
The 3D Future of 
the Automotive 
Supply Chain 

- • Titan Motorsports used 3D digital prototyping software and 
revolutionised their supply chain's communications 

• Titan found that 3D increased their speed of output, reduced 
opportunities for error throughout the design process, 
communicate with your client and increase collaboration, allows 
for early client feedback 

Article - Website 
(Micro 
Concepts) 

http://www.micr
oconcepts.co.u
k/news/archive/
?artid=689&pag
eNum=6&blk=2
3&artitle=Past%
20Imperfect%2
0%E2%80%93
%20the%203D
%20Future%20
of%20the%20A
utomotive%20S
upply%20Chain
&dv=1&module
Type= 

- 

Confederate 
Motors works with 
3D Systems to 
push limits of 
motorcycle design 
and performance 

2016 • 3D Systems On Demand Manufacturing converts 140 different 
designs into prototypes and production parts for "integrated 
aesthetic" of P51 Combat Fighter motorcycles 

• 3D Systems On Demand Manufacturing - Quickparts - gave the 
bespoke motorcycle company the ability to turn their designs into 
a physical reality 

• 3D Systems provided a one-stop shop for hundreds of prototypes, 
moulds and production parts 

Case Study - 
Website (3D 
Systems) 

http://www.3ds
ystems.com/lea
rning-
center/case-
studies/confede
rate-motors-
works-3d-
systems-push-
limits-
motorcycle-
design-and 

- 

Jay Leno and 
Team Put 3D 

2016 • By implementing 3D scanning and 3D printing, they can create 
end-use parts and casting patterns for their vehicles 

Case Study - 
Website (3D 
Systems) 

http://www.3ds
ystems.com/lea
rning-

- 
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Systems Digital 
Manufacturing 
Thread to the Test 

• A huge benefit for vintage cars, but also provides valuable one-of-
a-kind and custom vehicles that don't have mass produced parts 
stock available 

• EcoJet - a concept vehicle that was hand-build by Jay Leno's team 
- features a 650 horsepower Honeywell gas turbine engine that 
runs on biodiesel fuel 

• Using Faro's 3D scanner and 3D Systems' Geomagic Design X 
software, Jim is able to quickly and accurately scan the shapes of 
the broken parts in 3D and almost instantly recreate the parts using 
the solid modelling toolsets in Geomagic Design X 

center/case-
studies/jay-
leno-and-team-
put-3d-
systems-digital-
manufacturing-
thread-test 

Rapid Prototyping 
pointing the way 
for automotive 
innovation 

  • The Buick Avenir concept car was designed and build by GM 
Australia's team in Melbourne and the prototype was produced at 
the Melbourne headquarters of 3D Systems' Quickparts 

• Quickparts worked closely with Holden's Fisherman's Bend 
design studio and was able to deliver rapid turnaround, ground-
breaking manufacturing innovation 

• Avenir is an example of design know how marrying with 
sophisticated manufacturing capability to deliver a customised, 
cost-effective solution for the major car players 

• Demand among the automotive industry for 3D printing will 
continue to grow as major players embrace the benefits of rapid 
prototyping to the design and manufacture process 

Case Study - 
Website (3D 
Systems) 

http://www.3ds
ystems.com/lea
rning-
center/case-
studies/rapid-
prototyping-
pointing-way-
automotive-
innovation 

- 

A sporting chance 
for automakers 

01-Jul-15 • Embracing the need for rapid redesign is the major driving force 
behind the rise of AM 

• Difference between manufacturing and development strategies of 
motorsport and mass production 

Article - MWP  MWP (Vol. 159 
Issue 4, p44-46. 
3p.)  [Business 

- 



3DP-RDM 
Driving Innovation in redistributed manufacturing 

 
 

116 

• Suggests that speeds of AM are currently too slow for automotive 
mass production 

• New technologies such as AM are driving down the costs of 
composite materials (solution for weight reduction) such as CFRC 
(Carbon Fibre Reinforced Carbon) - more accessible to sub-elite 
manufacturers 

• Broad Area Additive Manufacturing (BAAM) permits the 
manufacture of large composite components 

Source 
Complete] 

3D Printed 
Prototypes 
Streamline Vehicle 
Process 
Equipment 
Introduction for 
GM/Vauxhall 

- • Vauxhall Motors wanted to introduce a modified process hanger 
for the introduction and processing of future model variants with a 
key new innovation - a new part that would be used to support 
each vehicle body throughout the production process and allow it 
to be easily loaded and unloaded 

• Since the final parts would be cast steel, at high costs and lengthy 
lead times to manufacture, he knew that a mistake would delay the 
introduction by up to 6 months or more 

• Contacted InfusionTech, a company that specialises in the post-
processing of parts to build strength, heat resistance and other 
properties not immediately available in the original parts 

• This process saved significant money, reduced the time spent 
designing and implementing the changes to the process hanger 
and significantly reduced risk 

Case Study - 
Website (3D 
Systems) 

http://www.3ds
ystems.com/lea
rning-
center/case-
studies/3d-
printed-
prototypes-
streamline-
vehicle-
process-
equipment-
introduction 

- 

Metal Technology 
(MTI) forges new 
path with metal 3D 

- • English Racing had an innovative approach to the problem which 
involves using a new pulley to lower the oil pressure 

Case Study - 
Website (3D 
Systems) 

http://www.3ds
ystems.com/lea
rning-
center/case-

- 
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printing and 
English Racing 

• Problem was to produce it because the original pulley would 
require a mould, which requires significant amount of lead time and 
money 

• They discovered MTI who could prepare the design data for 3D 
printing and produced it on the ProX DMP300 - initial prototype 
took five hours 

• Part was installed on the Mitsubishi Evo race car and worked 
perfectly - reducing oil pressure to safe levels and allowing the 
vehicle to set speed records 

studies/metal-
technology-mti-
forges-new-
path-metal-3d-
printing-and-
english 

Lotus F1 Team and 
3D Systems move 
together towards 
race-ready mass 
production of parts 

Dec-14 • Lotus F1 Team Head of Aerodynamics said that once the team got 
the 3D Systems machine, they used it to develop component 
prototypes with a size-fit function 

• The use of solid imaging technology then gradually expanded from 
rapid prototyping to wind tunnel model manufacturing 

• The ability to produce complex solids with intricate internal 
channels has revolutionised our ability to place these sensors and 
increase their numbers 

Case Study - 
Website (3D 
Systems) 

https://www.3d
systems.com/sit
es/www.3dsyst
ems.com/files/f
1-case-study-
update-
dec2014.pdf 

- 

3D Printing 
Enabled Aston 
Martin Racing to 
Develop LMP1 
Race Car in under 
Six Months 

28-Mar-11 • Stratasys says that Aston Martin Racing was able to meet an 
aggressive development schedule for their AMR-One race car by 
using 3D printing 

• The company's Dimension 3D printer was used to mock up the 
chassis, driver controls and engine of the race car 

Article - Website 
(Stratasys) 

http://investors.
stratasys.com/r
eleasedetail.cfm
?ReleaseID=599
795 

- 
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Partners - • Force India has partnered with 3D systems to take advantage of 
their wind tunnel testing capacity and additive manufacturing 
technology 

Website (Force 
India) 

http://www.forc
eindiaf1.com/pa
rtners/3d-
systems 

- 

Williams F1 Gears 
Up for Next Racing 
Season with EOS 
Metal 3D Printing 

01-Dec-15 • EOS 3-year partnership with Williams Gran Prix engineering and 
Williams Advanced Engineering 

• Alumnide material parts used for functional testing 
• Carbonmide material used for production parts in conjunction with 

carbon composite laminates where extra strength is required 

Blog - 3D 
Printing Industry 

http://3dprinting
industry.com/20
15/12/02/william
s-f1-gears-up-
for-next-racing-
season-with-
eosint-p-760-
3d-printer/ 

Davide 
Sher 

More availability of 
carbon fibre 
sintered parts 

May-14 • Graphite - 3D printed part supplier - developed machinery to 
produce carbon fibre reinforced parts providing the highest 
stiffness to weight ratio and strength to weight ratios of any 3D 
printed plastics 

• Finite element analysis and optimisation can be used to precisely 
locate where the stresses are in a required component - use this 
to employ minimum material volumes in the process 

Article - MWP MWP. 
May2014, Vol. 
158 Issue 4, 
p47-47. 1p. 1 
[Business 
Source 
Complete] 

- 

The perfect cast 01-Jul-15 • 3D printing allows manufacturers to cut out a process - you know 
longer need to make a tool for manufacturing 

• Utilises 3D printing to manufacturer a core - the disposal piece at 
the centre of sand casting 

Article - 
Grainger and 
Worrall: Special 
report 

Automotive 
Manufacturing 
Solutions; 
Jul/Aug2015, 
Vol. 16 Issue 4, 
p55 

Nick Holt 
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Positioning paper: 
The case for 
additive 
manufacturing 

Mar-15 • AM in motor vehicles accounts for approximately 17% of the 
sector (behind 'industrial and business machines' and consumer 
products and electronics') 

• A national strategy has been developed to secure Britain’s position 
as an innovation leader AM R&D 

• Key enabler in high value manufacturing; smarter supply chains, 
digital manufacturing flexibility and design freedom 

• AM is shaping strategic thinking in a number of industries 

White paper - 
UK National 
Strategy for 
additive 
manufacturing/3
D printing 
(steering group 
comprising 
industry leaders) 

http://www.amn
ationalstrategy.
uk/steering-
group/ 

- 

More than the sum 
of its parts 

01-Jan-16 • At an automotive level garages will be able to download part 
designs and print new parts on demand - reduction in supply time 
for the customer 

• Era of big logistics companies is dying', business models need to 
change from the transaction of tangibles to intangible data 

• Also reduces errors and defects 
• IP issues forecast in relation to file piracy 
• Expiry of many 3D patents is opening up room for start-ups 

Article - 
Automotive 
Logistics 

Automotive 
Logistics. Jan-
Mar2016, Vol. 
19 Issue 1, p63-
65. 3p 
[Business 
Source 
Complete] 

Andrew 
Williams 

Fusion reigns for 
Porsche 

01-Mar-15 • 3D manufacturing has allowed increased performance from the 
Porsche 997 turbo inlet duct - outside specs are still the same, 
inside is more specialised 

• Mass production is feasible where there are limitation with 
conventional tooling and machinery (e.g. seamless construction of 
internal machining) 

Article - MWP  MWP. Mar2015, 
Vol. 159 Issue 2, 
p72-72. 1p 
[Business 
Source 
Complete] 

- 



3DP-RDM 
Driving Innovation in redistributed manufacturing 

 
 

120 

Aluminium 3D-
printed Part 

03-Jun-14 • AM offers more freedom of form, allows flexibility within individual 
designs e.g. important areas of a part can be strengthened and 
less important can be hollowed 

Article - 
Machine Design 

Machine 
Design. 3/6/201
4, Vol. 86 
Issue 3, p78-81. 
3p 

Lindsey 
Frick 

Winning the 
additive race 

May-15 • DeltaWing Racing Cars and Elan Motorsports - Transition to AM to 
hasten production process and enable more complex parts 

Article - MWP  MWP. May2015
, Vol. 159 Issue 
3, p52-52. 1p 

- 

CRP's motorsports 
materials 

May-13 • AM allows a balance between material stiffness and weight 
constraints 

• CRP produced several part s for Nissans Delta Wing race car 

Article - 
Automotive 
Design and 
Production 

Automotive 
Design & 
Production. May
2013, Vol. 125 
Issue 4, p54-54 

Scott 
Anderson 

Can technology 
take Williams to 
the front of the F1 
grid? 

23-Oct-15 • It currently takes 4 days to ship a part to the UK, alternatively 
Williams considering taking a printer to races 

News - BBC http://www.bbc.
co.uk/news/busi
ness-34528276 

Bill Wilson 

How formula 1 
racing implements 
3D printing into its 
race-cars 

15-Dec-15 • Sources say that Mercedes makes the most use of 3D printing in 
its cars and this is what led them to the 2015 F1 championship 

Blog - Forum https://form3ds.
com/how-f1-
racing-
implements-3d-
printing-into-
racecars/ 

- 

Additive 
Manufacturing for 
Product 
Improvement at 

May-12 • There still are reservations regarding the materials mechanical 
integrity, repeatability and density  

Journal - 
Materials and 
Design 

Volume 41, 
October 2012, 
Pages 226–230 

David 
Cooper, 
Mark 
Stanford, 
Kevin 
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Red Bull 
Technology 

Kibble, 
Gregory 
Gibbons 

Red Bull F1 Team 
Racing to 
Implement 3D 
Printed Parts in 
Race Cars 

09-Jul-14 • Concerns over 3D printed materials not being able to withstand 
track side pressures 

Blog - 3D 
Printing Industry 

http://3dprinting
industry.com/20
14/07/09/red-
bull-f1-team-
racing-
implement-3d-
printed-parts-
race-
cars/?utm_sour
ce=3D+Printing
+Industry+Upda
te&utm_medium
=email&utm_ca
mpaign=5cdf7fe
157-
RSS_EMAIL_CA
MPAIGN&utm_t
erm=0_695d5c7
3dc-
5cdf7fe157-
64437049 

Evan 
Chavez 

UK demand for 
advanced 
manufacturing 
technologies 
drives KWSP 
growth 

20-Apr-16 • AM will shape the motorsport industry to become low volume and 
mass customisation 

• AM technologies are portable across industries (horizontal 
innovation), there is expected to be a larger scale transfer of 
knowledge due to the ease of digital exchange 

Blog - TCT: 
accelerating 3D 
technologies 

 http://www.tct
magazine.com/
3D-printing-
news/kwsp-
reports-
success-uk-
demand-

- 
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• AM speeds up the process of testing and developing prototypes 
by enabling engineers to create quickly deigned CAD objects that 
can be test printed in a range of materials 

advanced-
manufacturing/ 

How 3D printing is 
going to change 
motorcycling 

10-May-12 • AM offers the ability to design and build original parts 
• There can be inventory reductions via just-in-time supply chain 

and cost reductions via reduced supply chains 
• Shift in power from centralised companies to decentralised 

consumers 
• Change from tangible to intangible trade by brand parts providers 

- tangible parts will be replaced by CAD files 

Article - Asphalt 
and Rubber 

http://www.asp
haltandrubber.c
om/popular/3d-
printing-
change-
motorcycle-
industry/ 

Jensen 
Beeler 

Shaping Victory - 
Joe Gibbs racing 
wins with custom 
gauges 

2015 • Stratasys teamed up with Joe Gibbs racing to manufacturer race 
by race specific dash board parts to suit the specific conditions. 

Blog - Stratasys http://www.strat
asys.com/~/me
dia/Case-
Studies/Automo
tive/CS_FDM_A
U_JoeGibbsRac
ingGauges.ashx 

- 

The status, 
challenges, and 
future of additive 
manufacturing in 
engineering 

Dec-15 • Areas of reliability, repeatability, robustness and performance 
under al environmental conditions may be limiting more prolific and 
commercial use of AM 

• The end of many patents may be responsible for the sudden 
uprising in AM 

• AM can support decentralised production at low to medium 
volumes - facilitating supply chain optimisation 

Journal - 
Computer-
Aided Design 

Vol 69 (2015) 
65–89 

Wei Gao, 
Yunbo 
Zhang, 
Devarajan 
Ramanujan
, Karthik 
Ramani, 
Yong Chen, 
Christopher 
B. Williams, 
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Charlie C.L. 
Wang, 
Yung C. 
Shin, Song 
Zhang, 
Pablo D. 
Zavattieri 

The CRP USA at 
Las Vegas for CES 
2016 to show its 
Additive 
Revolution 

25-Nov-15 • Now that 3D printing design has been established the market, it’s 
moving from prototyping to enabling entire platforms to be 
constructed 

• New advanced materials are changing the potential solutions that 
can be created from AM 

Blog – Additive 
Manufacturing 

http://additivem
anufacturing.co
m/2015/11/25/t
he-crp-usa-at-
las-vegas-for-
ces-2016-to-
show-its-
additive-
revolution/ 

- 

Motorcycle 3D 
printing picks up 
speed 

03-Aug-15 • Fixed and variable costs have dropped significantly in recent times 
• Speed of replacement trackside will change the supply chain 

industry, no longer beholden to trackside vendors or carrying 
spare parts 

• Ducati used 3D printers for Desmosedici racing bike engine to cut 
production time from 28 to 8 months 

• Purchase of 3D printing machines can lower the service 
department costs that handle the parts supply chain 

• Development times of both parts and entire new projects are 
reduced with AM 

Blog - 3D 
Printing Industry 

http://3dprinting
industry.com/20
15/08/03/motor
cycle-3d-
printing-picking-
speed/ 

Davide 
Sher 
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Motorcycle Maker 
Cuts Development 
Time with 3D 
Printing 

2016 • Ducati uses AM to produce concept and functional prototypes 
• The entire design process is validated using AM 
• Using AM designs can be analysed, tested and altered far quicker 

than regular manufacturing processes 

Blog - Stratasys  http://www.strat
asys.com/resou
rces/case-
studies/automot
ive/ducati  

- 

Renishaw 
produces a 
prototype nose tip 
for the 
BLOODHOUND 
Supersonic car 

2016 • Nose cone manufacture using complex surfaces of +/-50µm to 
contribute to aerodynamics 

• More scope to manufacture novel parts compared to subtractive 
processes 

Blog - Renishaw http://www.reni
shaw.com/en/re
nishaw-
produces-a-
prototype-nose-
tip-for-the-
bloodhound-
supersonic-car-
-31907 

- 

 

From rapid 
prototyping to 
home 
fabrication: 
How 3D 
printing is 
changing 
business 
model 
innovation 

23-Jul-
15 

• The adoption of AM has come in four successive phases (rapid prototyping, rapid tooling [collectively 
associated with traditional processes], digital manufacturing, home fabrication) 

• Digital manufacturing and home fabrication - more disruptive due to increased value creation 

• 3DP technologies increase the rate of business model innovation - increasing opportunities and challenges 
• Market structure has become more dynamic with previously key boundaries now ceasing to exist. Success is 

to be found by embracing 3DP 

Journal - 
Technological 
Forecasting and 
Social Change 

Volume 102, 
January 2016, 
Pages 214–224 

Ludmila 
Striukova, 
Thierry Rayna 
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Motor trends: 
Additive 
manufacturing 
drives 
production of 
race ready 
parts 

2013 

• NASCAR team Stewart-Haas Racing using FDM AM to significantly reduce weight 
• Ability to create parts on demand and with greater innovation than constrained subtractive techniques 

Significant cost reduction - AM negates the need to create highly expensive tooling parts for what are limited 
parts runs compared to mass production 

White Paper - 
Stratasys    
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APPENDIX B - QUANTITATIVE SURVEY DETAIL 
The section below presents the questionnaire in full and is prefaced with the cover 
letter issued to all members of the MIA. Note that italicised sections are explanatory 
for the purposes of this feasibility study and were not included in the actual 
questionnaire submission 

Survey Cover Letter 
Dear Sir/Madam,  
Cass Business School, City University London, under contract for the EPSRC 
(Engineering and Physical Sciences Research Council) and in conjunction with 
Cambridge University and Warwick University, are undertaking a collaborative 
research project investigating the impact on industry of redistributed manufacturing 
- technology, systems or strategies that changes the economies and organisation of 
manufacturing. 
Our particular focus will be the impact of 3D printing on redistributed manufacturing 
in British Motorsport, and as such we would like to ask members of the Motorsport 
Industry Association whether their companies currently use 3D Printing/Additive 
Manufacturing techniques as part of their in-house manufacturing process? 3D 
Printing or Additive Manufacturing is the process of building 3D objects, layer by 
layer, by depositing material using a design file. 
We would appreciate your prompt response to the following yes/no question: 
https://cityunilondon.eu.qualtrics.com/SE/?SID=SV_eKDQ9PeJ6skKkQZ 
Yes' respondents will be asked a few brief questions which are more specific to 3D 
Printing. The questionnaire includes a separate section at the end relating to 
behavioural scales which we would like you to complete, the results of this are 
anonymous. We appreciate that your time is extremely valuable, and we would highly 
appreciate if you could spare approximately five minutes to complete this short 
survey. 
We kindly appreciate your time and participation in this survey. Once the research 
project is finalised, we would be more than happy to share the results with you. 
Kind regards 
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Survey questionnaire 
INTRODUCTION 
 
Thank you for taking part to this survey. This survey is composed of three brief 
sections that will focus on:  
(1)  Demographic information 
(2) Opinions on the adoption of 3D Printing/Addictive Manufacturing in your company 
and;  
(2) some anonymous aspects of your personality to assist with behavioural research 
  
All of your answers will be fully anonymised and data securely stored. They will also 
be aggregated, therefore it will not be possible to directly associate them to your 
person and/or company. Every answer is provided on a voluntary basis. The 
questions we are employing follow standardised scales in the academic literature.  
  
This project has received the Ethical Approval Form for Business Research Projects 
at City University London. If you need further information on any aspect of this 
project, please feel free to contact us.   
 
Does your CURRENT company use 3D Printing/Additive Manufacturing for Research 
and Development (R&D)?  
Yes  
No 
 
If the response is ‘Yes’ the survey continues to Q2, if ‘No’ then the respondent is 
thanked for their time. 
 
Thank you very much for your response. To further assist with our research we would 

kindly ask that you take a couple of minutes to complete the following micro-survey on 

3D printing. Your time is greatly appreciated. 
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Country of Origin: 
UK 
Italy 
Germany 
Other, please specify: 
 
Country of residence: 
UK 
Italy 
Germany 
Other, please specify: 
 
Sex: 
Male 
Female 
 
Native language: 
English 
Italian 
German 
Other, please specify: 
 
Age: 
18 – 24 
25 – 34 
35 – 44 
45 – 54 
55 – 64 
65 – 74 
75+ 
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Please indicate your education level: 
GCSE (<17 years old) or equivalent 
A-level (<19 years old) or equivalent 
Undergraduate degree 
Post-graduate education 
 
Which company do you work for? 
Please specify: 
 
What is your current job title? 
Please specify: 
 
How long have you been with your current employer? 
Less than 1 year 
1 - 3 years 
3 – 5 years 
5 – 10 years 
10 + years 
 
Can you please specify the sector that you operate in: 
Original Equipment Manufacturer (OEM)  
Third Party Parts Supplier  
Distributor 
Motorsport company 
Other, please specify: 
 
Does your sector utilise 3D printing/Additive Manufacturing 
Yes 
No 
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In the past have you worked for other companies that have used 3D Printing/Additive 
Manufacturing in its Research and Development (R&D)? 
Yes  
No  
MAIN SURVEY 
 
Approximately what proportion of your budget is invested in 3D Printing/Additive 
Manufacturing? 
(Please select one only) 
0 – 20% 
21 – 40% 
41 – 60% 
61 – 80% 
81 – 100% 
 
Approximately what proportion of your company’s budget is invested in R&D? 
(Please select one only) 
0 – 20% 
21 – 40% 
41 – 60% 
61 – 80% 
81 – 100% 
 
This scale consists of a number of concerns that a company may have with the adoption 

of 3D Printing/Additive Manufacturing R&D. Please read each statement carefully and 

then, using the scale, indicate to what extent you agree with the statement: 
  
1 = Definitely disagree 
2 = Slightly disagree 
3 = Neutral 
4 = Slightly agree 
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5 = Definitely agree 
 
The technology is too new: 
The costs may not outweigh the benefits: 
Uncertainty of its true benefits: 
Concerns over the quality of 3D printed parts: 
The need for additional and specialised talent: 
Concerns over IP security with the transition to online CAD designs: 
 
Please indicate to what extent you agree with the following statements about 3D 

Printing/Additive Manufacturing. Please read each statement carefully and then, using 

the scale, indicate to what extent you agree with the statement: 
  
1 = Definitely disagree 
2 = Slightly disagree 
3 = Neutral 
4 = Slightly agree 
5 = Definitely agree 
 
Provides a competitive advantage 
Saves production costs 
Reduces production lead time 
Products have similar properties to conventionally manufactured products 
Satisfies all production needs 
Easy to recruit the necessary skilled labour 
Easy to source the necessary equipment 

a. Reduces waste and uses less material 
b. Reduces reliability on third party parts manufacturers 
c. Allows the company to be more vertically integrated 
d. Improves relationships with third party parts suppliers 
e. Companies choose 3D printing because it is a new and innovative technology 
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f. 3D printing allows the creation of more complex structures 

 
1. What year did you adopt 3D Printing/Additive Manufacturing for R&D? 

a. Year of adoption: 
 

2. In terms of importance, please rank the reasons that led your company to adopt 

3D Printing/Additive Manufacturing: 

(1 - most important, 5 - least important)  

 
a. Competitive advantage 
b. Cost saving 
c. Time Saving 
d. Ability to create more complex products 
e. Other, please specify 

 
3. AFTER adopting 3D Printing/Additive Manufacturing R&D, please rank in order 

of importance what you now consider to be the main benefits: 

(1 - most important, 5 - least important)  
 

a. New technology 
b. Competitive advantage 
c. Cost saving 
d. Time Saving 
e. Ability to create more complex products 
f. Other, please specify 

 
4. What was your company’s intended application of 3D Printing/Additive 

Manufacturing R&D? 

(You may select more than one response) 

a. Prototyping 
b. Wind tunnel testing 
c. Final parts 
d. Tooling 
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e. Other – please specify: 

 
5. After adopting 3D Printing/Additive Manufacturing R&D, please specify the 

current application(s): 

(You may select more than one response) 

a. Prototyping 
b. Wind tunnel testing 
c. Final parts 
d. Tooling 
e. Other – please specify: 

 
6. Specifically, which parts are produced via 3D Printing/Additive Manufacturing 

R&D? 

a. Please specify: 

 
7. What proportion of printed parts are used on the final product (racing car/bike)? 

(Please select one only) 
a. 0% 
b. 1 – 20% 
c. 21 – 40% 
d. 41 – 60% 
e. 61 – 80% 
f. 81 – 100% 

 
i) BEHAVIOURAL ASSESSMENT 

 
The following are general question in relation to your personality and emotions, 
they form part of a body of research that will enable the EPSRC research team to 
analyse the levels of behavioural features involved in each response. The 
questions may appear wayward from the preceding main survey bulk however 
please take confidence in the fact that all data has been scientifically designed to 
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maximize the accuracy of the overall survey and will be treated as strictly 
anonymous. 

 
1. This scale consists of a number of words that describe different feelings and 

emotions. Read each item then list the number from the scale below next to 

each word. Indicate to what extent you feel this way right now: 

  
1 = Very slightly or not at all 
2 = A little 
3 = Moderately 
4 = Quite a bit 
5 = Extremely 

 
a. Interested: 
b. Distressed: 
c. Excited: 
d. Upset: 
e. Strong: 
f. Guilty: 
g. Scared: 

h. Hostile: 
i. Enthusiastic 
j. Proud 
k. Irritable 
l. Alert 
m. Ashamed 
n. Inspired 
o. Nervous 
p. Determined 
q. Attentive  
r. Jittery 
s. Active 
t. Afraid 
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2. For each of the following statements, please indicate the benefits you would 

obtain from each situation.  Provide a rating from 1 to 5, using the following 

scale: 

  
1 = No benefits at all 
2 = Little benefit 
3 = Moderate Benefits 
4 = Good benefit 
5 = Great benefits 

      
a. ADMITTING THAT YOUR TASTES ARE DIFFERENT FROM THOSE OF A FRIEND: 

b. GOING CAMPING IN THE WILDERNESS:      

c. BETTING A DAY’S INCOME AT THE HORSE RACES: 

d. SWIMMING FAR OUT FROM SHORE ON AN UNGUARDED LAKE OR OCEAN: 

e. INVESTING 10% OF YOUR ANNUAL INCOME IN A MODERATE GROWTH MUTUAL FUND: 

f. DRINKING HEAVILY AT A SOCIAL FUNCTION: 

g. TAKING SOME QUESTIONABLE DEDUCTIONS ON YOUR INCOME TAX RETURN: 

h. DISAGREEING WITH AN AUTHORITY FIGURE ON A MAJOR ISSUE: 

i. BETTING A DAY’S INCOME AT A HIGH-STAKE POKER GAME: 

j. HAVING AN AFFAIR WITH A MARRIED MAN/WOMAN: 

k. PASSING OFF SOMEBODY ELSE’S WORK AS YOUR OWN: 

l. GOING ON VACATION TO A THIRD-WORLD COUNTRY: 

m. ARGUING WITH A FRIEND WHO HAS A DIFFERENT OPINION ON AN ISSUE: 

n. GOING DOWN A SKI RUN THAT IS BEYOND YOUR ABILITY: 

o. INVESTING 5% OF YOUR ANNUAL INCOME IN A VERY SPECULATIVE STOCK: 

p. APPROACHING YOUR BOSS FOR A RAISE: 

q. GOING WHITE-WATER RAFTING AT HIGH WATER IN THE SPRING: 

r. BETTING A DAY’S INCOME ON THE OUTCOME OF A SPORTING EVENT (E.G., BASEBALL, 
SOCCER, OR FOOTBALL): 

s. INVESTING 5% OF YOUR ANNUAL INCOME IN A DEPENDABLE AND  

t. CONSERVATIVE STOCK: 

u. ENGAGING IN UNPROTECTED SEX: 
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v. REVEALING A FRIEND’S SECRET TO SOMEONE ELSE: 

w. DRIVING A CAR WITHOUT WEARING A SEAT BELT: 

x. INVESTING 10% OF YOUR ANNUAL INCOME IN A NEW BUSINESS VENTURE: 

y. TAKING A WEEKEND SKY DIVING CLASS: 

z. RIDING A MOTORCYCLE WITHOUT A HELMET: 

aa. GAMBLING A WEEK’S INCOME AT A CASINO: 

bb. CHOOSING A CAREER THAT YOU TRULY ENJOY OVER A MORE PRESTIGIOUS ONE: 

cc. DOWNLOADING PROPRIETARY SOFTWARE FROM THE INTERNET: 

dd. REPORTING A NEIGHBOUR OR FRIEND FOR SOME ILLEGAL ACTIVITY : 

ee. SPEAKING YOUR MIND ABOUT AN UNPOPULAR ISSUE IN A MEETING AT WORK: 

ff. SUNBATHING WITHOUT SUNSCREEN:  

gg. BUNGEE-JUMPING OFF A TALL BRIDGE: 

hh. PILOTING A SMALL PLANE: 

ii. WALKING HOME ALONE AT NIGHT IN AN UNSAFE AREA OF TOWN: 

jj. EATING HIGH CHOLESTEROL FOODS: 

kk. DRIVING WHILE TAKING MEDICATION THAT MAY MAKE YOU DROWSY: 

ll. MOVING TO A CITY FAR AWAY FROM YOUR EXTENDED FAMILY: 
MM. STARTING A NEW CAREER IN YOUR MID-THIRTIES: 

nn. LEAVING YOUR YOUNG CHILDREN ALONE AT HOME WHILE RUNNING AN ERRAND: 

oo. NOT RETURNING A WALLET YOU FOUND THAT CONTAINS $200: 
 

3. Here are a number of characteristics that may or may not apply to you. For example, 
do you agree that you are someone who likes to spend time with others? Please write 
a number next to each statement to indicate the extent to which you agree or disagree 
with that statement. 

 
1 = Disagree strongly 
2 = Disagree a little 
3 = Neither agree nor disagree 
4 = Agree a little 
5 = Agree strongly 

 
1. Is talkative: 
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2. Tends to find faults with others: 
3. Does a thorough job: 
4. Is depressed, blue: 
5. Is original, come up with new ideas: 
6. Is reserved: 
7. Is helpful and unselfish with others: 
8. Can be somewhat careless: 
9. Is relaxed, handles stress well: 
10. Is curious about many different things: 
11. Is full of energy: 
12. Starts quarrels with others: 
13. Is a reliable worker: 
14. Can be tense: 
15. Is ingenious, a deep thinker: 
16. Generates a lot of enthusiasm: 
17. Has a forgiving nature: 
18. Tends to be disorganized: 
19. Worries a lot: 
20. Has an active imagination: 
21. Tends to be quiet: 
22. Is generally trusting: 
23. Tends to be lazy: 
24. Is emotionally stable, not easily upset: 
25. Is inventive: 
26. Has an assertive personality: 
27. Can be cold and aloof: 
28. Perseveres until the task is finished: 
29. Can be moody: 
30. Values artistic, aesthetic experiences: 
31. Is sometimes shy, inhibited: 
32. Is considerate and kind to almost everyone: 
33. Does things efficiently: 
34. Remains calm in tense situations: 
35. Prefers work that is routine: 
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36. Is outgoing, sociable: 
37. Is sometimes rude to others: 
38. Makes plans and follows through with them: 
39. Gets nervous easily: 
40. Likes to reflect, play with ideas: 
41. Has few artistic interests: 
42. Likes to cooperate with others: 
43. Is easily distracted: 
44. Is sophisticated in art, music or literature: 
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APPENDIX C - SEMI-STRUCTURED INTERVIEW DETAIL 
General background questions: 

1. Did you receive and complete the survey from MIA 
relating to additive manufacturing in Motorsport? 

2. What is your name:  
3. Which company do you work for?  
4. What is your position? 
5. What is your country of origin? 
6. What is your native language? 
7. Does your company use Additive manufacturing? 

 
Specific Questions: 

1. What do you believe are the benefits of additive manufacturing? 
2. If relevant, which companies do you work with in British motorsport? 
3. If relevant, what proportion of your budget is invested in additive manufacturing? 
4. If relevant, what parts is your company additive manufacturing? 
5. If relevant, how long does it take to print these parts? 
6. If relevant, do you design these parts in-house or do you outsource the designs and 

then print? 
7. What is your personal experience/expertise/knowledge related to additive 

manufacturing in motorsport? 
8. If relevant, what year did your company adopt additive manufacturing? 
9. If relevant, what was the main driver for your company’s adoption of additive 

manufacturing? 
10. At what point did you feel that the industry started to pay attention to additive 

manufacturing? 
11. How do you think that Additive manufacturing has changed the motorsport industry? 
12. A strong focus of our research is the relationship between suppliers and their clients. 

Do you believe that the adoption of additive manufacturing has impacted the 
motorsport supply chain in a positive or negative way?  

13. What do you think the industry's current challenges with additive manufacturing are? 
14. How far is the industry from overcoming these challenges? 
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15. Where do you see the future of the Motorsport industry regarding additive 
manufacturing?
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APPENDIX D CODE WORDS UTILISED TO ANALYSE TRANSCRIBED INTERVIEW DATA 
 

Theme Sub-category Code words Quote example No. of 

interviews 

that mention 

the theme 

 
Theme 1 

Applications Prototype Test, prototype, 
mock-up, clone, 
model 

‘Mainly used for F1 Rapid prototypes’ (Dr. Abhyankar) 
‘this can’t be better suited for people who continually 
prototype and test new ideas’ (Chris Aylett) 

10 

Wind-tunnel Wind-tunnel, 
aerodynamics 

‘Most of the teams are doing the same thing.  Just building 
wind tunnel parts predominantly’ (Kevin Lambourne) 
‘No more model making, design, grow, stick it in the wind 
tunnel, test it’ (Iain Wight) 

9 

Tools Tool, jig, cast, 
fixture, mould  

‘70% of AM use at KWSP is tooling for carbon fibre parts’ 
(Kieron Salter) 

4 
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‘Ability to make quick patterns for moulds, an especially 
large benefit to race car teams for lay ups of composite 
materials’ (Anonymous F1 Head of Design) 

End-use 
products 

Near-net 
product/shape, 
end product, 
race-part, 
production, 
track-side 

‘For end-use gearboxes, we use some very simple parts for 
things like oil pipes and other aspects that are made with 
3d. where we use 3d is‘(Iain Wight) 
‘Edging towards manufacturing some of the end-use parts 
now’ (Rachael Park) 

6 

3D related 
products 

3D, parts, 
machines 

‘I don’t think there’s any F1 team that hasn’t got multiple 3D 
printing processes within their factories’(Graham Tromans) 
‘For gearboxes, we use some very simple parts for things 
like oil pipes and other aspects that are made with 3d. where 
we use 3d is’ (Iain Wight) 

3 

 
 
Theme 2 

Benefits Design Design, complex, 
freedom, 

‘Some of the best parts we’ve done are incredibly 
complicated’ (Kevin Lambourne) 

17 
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aerodynamics, 
weight, 
geometry, make, 
complicated, 
high 
specification, 
intricate 

‘free-form geometry negates the traditional tooling 
constraints, moves the design closer to an idealised design’ 
(Anthony Middleton) 

Speed Quick, speed, 
fast, shorten, 
time to market, 
compress time, 
race track, turn-
around, rapid, 
concurrently, at 
the same time 

‘Core to we do in terms of bringing development items to 
the car quicker ‘ (Anon – F1) 
‘where they can try things out at the circuits very very 
quickly so I think it’s the speed of being able to try 
something out’ (Tim Angus) 

14 

Volume Low, medium, 
volume, one-off 

‘Low volume – the ability to 3D print one off components’ 
(Dr. Sims-Williams) 
‘Specifically, for motorsport the ability to make one off 
parts, reduces tooling costs. No other cost-effective  way 

6 
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of doing limited runs apart from 3D printing’ (Daniel 
O’Connor) 

Flexibility Flexible, modify, 
change, improve 

‘The freedom and flexibility of design, allows for iterative 
change’ (Christian Sylt) 

2 

weight Weight, 
lightweight 

‘So really freedom of design and lightweight products are 
the two key issues of why they would come to us’ (Barry 
Assheton) 
‘Electric cars there is an increased opportunity for AM parts 
in respect to weight saving in the same way that the 
aerospace industry is’ (Peter Goodwin) 

2 

Demonstration  Real world, 
visualization, 
demonstration, 
models, hand 

‘easier to try a piece of material out in the real world rather 
than something on just a computer’ (Tim Angus) 
‘One of those things where it’s a case of engineers always 
like something in their hand to hold and obviously doing it 
by 3d printing method quick and easy, cheap’ (Chris 
Palmer) 

6 

 
 
Theme 3 
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Challenges Cost Cost, expensive, 
high, money, £ 

‘Material pricing and cost of production can be high’ 
(Kevin Lambourne) 
‘Today we are not a low cost form of manufacturing hence 
if the part is simple and easy, they would do it the old 
fashioned way of manufacturing’ (Barry Assheton) 

10 

Materials Material, limited, 
properties, 
strength, 
selection, 
composite, 
carbon fibre, 
plastics 

‘Material properties are still not adequate. This 
compromise is likely to be why it is used just for wind-
tunnels. The main areas of concern are strength, Stiffness 
and how it holds it shape in the long term (degradation)’ 
(Dr. Sims-Williams) 
‘The greatest limitation is the lack of ability to print carbon 
fibre’ (Rachael Park) 

9 

Speed Speed, time, 
slow 

‘I mean we always have challenges in terms of material, 
speed, machine, software, and all the while these things 
are developing’ (Graham Tromans) 
‘One of the main drawbacks with AM is the speed of 
production’ (Peter Goodwin) 

5 

Education Spearhead, 
champion, 

‘Lack of understanding of the technology, which AM tech 
to use for what?’ (Daniel O’Connor) 

9 



3DP-RDM 
Driving Innovation in redistributed manufacturing 

 
 

146 

knowledge, 
adopt, foresight, 
education, 
reluctance, 
problem,  
learnings, 
understanding, 
fully 

‘I don’t think the economic advantages to the business is 
being highlighted’ (Chris Aylett) 

Size Size, small, large, 
limitation 

‘Limited by size of printed parts’ (Dr. Abhyankar) 
‘Small build size, some F1 applications need a much 
bigger build size’ (Rachael Park) 

3 

Processes Process, variety, 
standards, way 
of production, 
logistics, 
bonding 

‘One problem is that many conventional processes such 
as injection moulding get you closer to near-net shape 
with little need to post-manufacture surface finishing’ 
(Keiron Salter) 
‘Tech not scalable enough for mass production. means 
that the tech created with AM cannot be easily transferred 
to automotive with higher volumes’ (Anthony Middleton) 

7 



3DP-RDM 
Driving Innovation in redistributed manufacturing 

 
 

147 

Parts Safety critical, 
non-safety 
critical, finishing, 
colour, load 
bearing, design 

‘It isn’t for the safety critical parts, it’s fine for the non-
safety critical components’ (Dr. Wood) 
‘Load bearing components. Polymer and metal printers – 
strength is the limiting factor. Cross sections have to be 
strengthened with 3DP parts and end up being bigger 
than their subtractive engineered cousins’ (Dr. Abhyankar) 

4 

Technology Advances, 
capacity, quality, 
software 

‘Benefits of AM are in the complexities; some CAD 
software is not advanced enough to allow to create these 
so the actual tech is under exploited’ (Keiron Salter) 
‘Spatter effect – particles firing off from when laser hits, 
affects how next layer of powder settles and the quality of 
the overall product’ (Daniel O’Connor) 

4 

Regulation Certification, 
standards, 
regulation 

‘Instead, there is a lack of a standards and regulation 
around the way the part is produced. For example, if you 
asked 15 AM companies to produce one part, there will 
be a lot of variability in how the part is produced and they 
would all produce it in a different way’ (Dr. Wood) 
‘Standardisation push has happened in last 24 months’ 
(Daniel O’Connor) 

3 
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Theme 4 

Industry Formula One F1, Formula 
One, any 
F1/racing team, 
e.g. Lotus, 
Renault 

‘I introduced Williams F1 to 3D printing in-house and I was 
responsible for that as well as designing parts of the car. But 
we didn’t broadcast it because we didn’t want other people 
to know about it’ (Scott Doe) 
‘In F1, virtually everything is designed in house. This will 
especially apply to parts that require 3D printing’ (Anon, F1 
Engineer) 

9 

Motorsport Motorsport ‘In motorsport used for more complex motor jacket, air 
cooling, water cooling’ (Anthony Middleton) 
‘it’ll help innovators create bespoke specialist racing cars in 
low production’ (Tom Angus) 

6 

Automotive 
industry 

Automotive, any 
car company, 
e.g. Land 
Rover, vehicle, 
classic 

‘A different area, it’s being used in the automotive classic 
car world to create obsolete parts’ (Dr. Niuewenhuis) 
‘what they would like to do is to produce lots of different cars 
on the same production line. If you have a very close supply 
chain you can build your cars to order’ (Peter Goodwin) 

4 
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Medical 
industry 

Medical, 
transplant, 
kidney, organ, 
biomedical 

‘Medical can benefit well from AM, mass customisation 
benefits’ (Keiron Salter) 
‘Noticed it more in biomedical, certainly changed the supply 
chain there. Making one offs, there is at the top end where 
you have one or two high level components it has made a 
change’ (Peter Myler) 

2 

Aerospace 
industry 

Aerospace, 
airplane, any 
aerospace 
company, e.g. 
Boeing, Airbus, 
Rolls Royce 

‘ I deal with medical and many industry sectors but nothing 
has the most repercussions like aerospace’ (Barry 
Assheton) 
‘Aerospace - Boeing, Airbus and General Electric – they’ve 
got 3D printed parts produced for end-use’ (Dr. Wood) 
 

2 

Other industries reference to 
other industries 

‘In the military base, the access to parts is really difficult, so 
they will use 3D printers to make parts. They won’t be 
lifetime used parts – they would be more disposable but if 
you need a spanner of a certain size, you can use it once’ 
(Dr. Wood) 

2 
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‘The space industry wants to use AM in space in order to 
produce microsatellites and for various other applications’ 
(Peter Goodwin) 

 
Theme 5 

Supply Chain Positively 
Affected 

Change, in 
tandem, 
suppliers, supply 
chain, service 
bureau, 
conventional, 
traditional 

‘Benefit internally if you are using plastic parts. Cuts out 
suppliers, you can make it in-house’ (Keiron Salter) 
‘One area it will affect the supply chain in the future is spare 
parts (already impacting in automotive). Allows you to 
manufacture exact numbers rather than having to store lots 
of spares’ (Daniel O’Connor) 

8 

Negatively 
Affected 

Change, 
suppliers, supply 
chain, service 
bureau, 
conventional, 
traditional 

NONE OF THE RESPONDENTS MENTIONED THIS 
ASPECT 

0 
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Unsure Change, 
manufacturers, 

‘I haven’t seen it but it must in some ways I mean there’s 
got to be an impact on the supply chain’ (Graham Tromans) 
‘a really innovative technology like 3d printing has the 
opportunity to completely rejig the supply chains’ (Tim 
Angus) 

5 

Unaffected / 
Remains the 
same 

Supply chain, 
same, 
unaffected, 
outsourcing, 
suppliers, service 
bureau, 
conventional, 
traditional 

‘No change, it is a very controlled process and hasn’t 
influenced the supply chain really’ (Anthony Middleton) 
‘No I don’t believe there has been a change in the supply 
chain. I think it’ll be as strong as it’s been’ (Chris Palmer) 

9 
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Theme 6 

Future Factors that it 
depends on 

Future, 
depends, relies, 
potential, 
maybe, 
accessibility, 
prevalence, if, 
evolve, expand, 
increase, 
proliferate 

‘I think in the future instead of having a lot of milling and 
turning machines, we'll have an equal amount of AM machines 
here’ (Iain Wight) 
‘Because of the nature of the business, the faster you are the 
more likely you are to succeed so it is inevitable that things will 
be produced at a faster pace’ (Christian Sylt) 

13 

Affect on the 
current 
industry 

Affect, impact, 
already, 
traditional, 
processes, 
remain 

‘Scanning technologies – future potential areas’ (Dr. Myler) 
‘Long term it will have a big impact, hybridisation between 
conventional techniques and AM will be the key’ (Peter 
Goodwin) 

4 
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