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Foreword

RM is an exciting recent development in manufacturing technology, which
allows companies and individuals with access to 3-dimensional computer
data,t he abil ity -dwt d idgcelrlieer-byldyedghtthbimhtnot
a new concept, layer based manufacturing has only recently matured to the
point where it can be used to make @nd-usedcomponents, such as aerospace
and automotive parts, medical implants, hearing aids, lamps shades, dental
crowns, surgical aids and even furniture, to name but a few applications.

However, RM is very much a nascent technology that is used by only a small
proportion of early adopters around the globe. Yet the opportunities that RM
present are significant, as the technology eliminates the need for much of the
capital investment associated with manufacturing, enables the manufacture of
complex personalised geometries, and has the potential to reduce the carbon
footprint of global manufacturing. It has even been postulated the RM could
result in a new industrial revolution for the digital age.

Within this white paper we will look at the drivers behind the adoption of RM
and the successful business models that the technology has already enabled.
We will look at applications across a range of sectors including transport,
healthcare, construction, consumer products and leisure in addition to the
implications of RM on global society, the environment and the community.

Dr Phil Reeves 1 Managing Director
Econolyst Ltd

March 2008 Qe L
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Introduction

Rapid Manufacturing is being championed by some as one of the most
exciting emerging and enabling technologies of the 21% Century. It has even
been postulated that RM may in-f act sti mul ate an O6industr.i

di gital ageo.

Rapid Manufacturing (RM) is the name given to
the production -a6e®sebimp
parts made usLanyge r 6 Adladni utfi
(ALM) processes. Traditionally (and historically),
ALM processes were used to manufacture
prototypes and casting patterns. However, recent
advances in ALM technologies and materials, now
allow us to manufacture parts for a variety of

production applications. RedEye RM production

facility in Minneapolis,
Minnesota, USA |

RM is seen by many as one of the most important
emerging technologies that will drive the future
manufacturing economy. Because RM uses layer-
wise manufacturing, many of the traditional Design
for Manufacture (DFM) principles no longer need
apply. Therefore, RM components can be
manufactured with no split lines, or with complex
internal and re-entrant features. RM also allows
for significant part consolidation, reducing
manufacturing, assembly and inspection costs.

Metallic RM coponents
with complex internal
flow -DBAOEO 2Zb-EBEl (‘

One of the most notable advantages of RM is the potential elimination of

tooling. Without the constraints of tooling, jigs and fixtures, RM provides
manufacturers the ability to produce cost
ability to manufacture parts at multiple locations.

Many business benefits can therefore be attributed
to the adoption of RM, including the reduction or
elimination of fixed assets such as mould tooling,
jigs and fixtures and cutting tools, thus resulting in
reduced capital investment. RM can also reduce
or eliminate many stages of the traditional supply
chain, which reduces risk, lead times, inventory
and supply chain transaction and logistics costs.
Additionally, RM allows for the manufacture of
topologically optimized components, producing RMFuel Pump with
parts t hat a r efor-déema ngunfoa optiisa B:€gidto save
opposed signed-forévchen u f a cednabling 6 , material and weight
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the manufacture of high value products with improved performance
characteristics.

Because RM parts are made using additive
manufacturing technologies, as opposed to
subtractive machining or formative moulding
processes, in some cases, little if any waste
material is generated. Additive manufacturing
processes are therefore lean, yet agile, allowing
the manufacture of low volume batches of
component parts, with little manual intervention.

RM_Lampshade designed by
Freedom of Creation,
Amsterdam, Holland

In recent years, there has been a sharp increase
in the number of companies investigating the use
of RM across a broad range of industrial sectors.
Examples of RM applications include aerospace,
motorsport and  automotive  components,
packaging, medical implants, hearing aid shells
and surgical guides, and consumer products such
as light shades, furniture and even football boots.

RM Body fittingr
personal protective
armour (demons tration)

However, RM remains a nascent technology that is
being exploited by only a small number of
companies globally. Albeit, given the correct
business support, infrastructure and knowledge
transfer framework, it is suggested that RM could
be used as an enabling and emerging technology
to stimulate innovation within businesses, drive up
productivity and help to increase competitiveness.
Moreover, the potential environmental benefits of

ﬁ;g;g;";razugzc(thifed - RM could also support companies to become more
l u u . . . .
using Electron Beam RM sustainable, both in their production processes and

m— —==in the products that they manufacture.

RM unquestionably provides significant business benefit to those companies
that are aware of its potential and have unlocked its capability. However, RM
also provides a rich seam of research opportunity for universities and
research organisations engaged in manufacturing, management, design,
materials and environmental research activity.




Where is RM being used and why
New RM applications are being

identified and exploited almost weekly,

as awareness of the technology
cascades around the globe.

Current application include, automotive
applications in passenger, commercial
and motorsport vehicles, aerospace
applications, production applications,
defence applications and a range of
medical applications including bone
scaffolds, implants, hearing aids,
dental aligners and surgical guides.

RM has also found applications in the manufacture of communications
devices such as sonar bodies and housings and in a wealth of consumer

SO WHO IS USING RM TODAY!

« Defence + Comm's
- Land - MiniSARS

— Air ~ Sonar body

—~ Marine — Housings

*  Medical + Consumer
— Implants ~ Fashion
— Bone scaffolds - Jewellery
~ Hearing aids — lighting
— Dental aligners ~ Furniture
- Caps & bridges - Software
- Surgical guides realisation

2- APDPI EAA

being identified and
Aopil 1 EOAA xAA

goods from fashion and jewellery to lighting, furniture, collectables and toys.

Econolyst believe that there are four core drivers to the business

adoption of RM. These being:

€ RM enables the production of highly

complex geometries that would be
impossible to make as single items using
traditional manufacturing processes. This
allows for significant parts consolidation,
design optimisation and the removal of
traditional design for  manufacturing
constraints. Hence, new design concepts
can be realised.

Because RM requires only 3D geometry data
to produce parts, without the need for
production tooling, jigs or fixtures, the
technology enables the cost effective
manufacture of very low unit volumes, as
there is no associated tooling cost
amortisation. This enables products to be
brought to market much quicker at far lower
cost and with far less risk. This is particularly
appealing to the SME and the innovator
community, where new products can be
launched with limited financial investment.

Design Freedom
RM furniture made in
one piece

~ Low Vol ume Production

Electrical safety device
made by SME using RM
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& One of the unique attributes of RM is that
parts are made using additive layer based
processes. This allows additional

6functd oth,albe yadded to #r i ng
build process. Such functionality may include
designed porosity in medical implants to
promote ngcebkbkod, vari a ni cal
properties within a single part, or the addition
of dédintelligentod denas c Sp—" | avy
fibre-optics, strain gauges or shape memory M ded Functionalty
’ edical implant with
alloys. designed porous surface
@ Because RM does not rely on production
tooling, it is possible to manufacture the
same part at multiple locations. This has the
added Dbenefit of allowing manufacture
geographically closer to the customer,
reducing cost but also at multiple locations
mitigating single source supply chain risk.
Moreover the concept but ed
a significant environmental benefit as the
transportation of both finished goods and DiétribUtetd manufafqture
H H HE ey omputer game figure
associated packaging are minimised. e ﬁ’o o d%r usingRM
In almost all examples of RM globally, the user has exploited one or more of
these business benefits. Hence, it can be surmised that RM has the potential
to benefit companies where:
€ | ow volume production is required
& Complex geometries are prevalent
€ Fixed cost tooling cannot easily be amortised into piece part price
& Product launch risk is high
€ |nvestment is problematic
& The customer base is widely distributed
€ The customer (or supplier) has ethical or environmental concerns
It could be argued that this list represents a significant proportion of
manufacturing companies within the developed Western economy, where to
maintain a competitive advantage against low cost overseas competition
requires companies to innovate ever more complex product, in ever
decreasing volumes, which are either highly personalised to small consumer
groups or unique to an individual customer. It is for these reasons that RM
has been cited as the catalyst for a potential 6i ndustr i al revol

digital ageo.

&

t he

er s

R M

ut i



Sectoral applications of Rapid Manufacturing

Transport equipment & technologies

Many of the worl ddés mos
are engaged in the production of transport related
products. There include civil and military aircraft
(Boeing, Airbus), passenger and commercial
vehicles (Bentley, Aston Martin), defence related
transport (BAE Systems, Boeing) and motorsport
vehicles including both bikes and cars (Renault,
McLaren, Honda, Ducati).

Cooling air duct from a
Renault F1 car made using
polymeric RM

RM is used for a wide variety of applications
including polymeric vehicle component parts such
as air ducting, HVAC components, dashboard
substratesbo, el ectrical housi
hydraulic clips and fixtures and aerodynamic
components such as spoilers and mudguard. RM
is also being used to make a limited number of

Bentley Arnage unique structural and loaded parts in metal materials,
dashboard made from Laser including drive shafts, gear box components and
sintered RM substrate suspension and breaking systems.

In addition to direct vehicle component part manufacture, RM is also being
used extensively in the aerospace sector for the manufacture of jigs and
fixtures used in the assembly process. RM jigs are being used to accurately
position and drill holes, hold parts during the application of adhesives and to
space component parts during assembly. RM is also being used to
manufacture form tools for carbon composite lay-up and curing.

Considerable global research is also being undertaken to investigate the use
of RM for the production of structural metallic aerospace components such as
wing and fuselage components, landing gear parts and in the longer terms
engine and gearbox components. However, at present the validation of both
available RM processes and materials is greatly restricting this application.




Healthcare

Healthcare represents probably the most
diversified market place for RM products globally.
RM is being used commercially to manufacture
accetabular cups used in hip replacement surgery
and cranial patches and maxiofacial implants used
in reconstructive surgery.

RM has also found applications in the
manufacture of disposable surgical cutting guides,
which are personalised to the individual patient
and used by surgeons to ensure precise medical
procedures.

Physioth erapeutic knee bone grafts.
brace custom manufactured

for the patient using RM

RM has also been used for a number of
prosthetics  applications  including patient
customised limb sockets and at a research stage
to enable the manufacture of soft tissue features
such as ears. A number of applications have also
been identified to use RM for the manufacture of
occupational health and physiotherapeutic devices
such as braces, splints and aligners.

Using coloured 3D printing technology, RM has

RM mandible implant used '
for maxiofacial
reconstructive surgery

A significant level of global research is currently
investigating the use of RM in the manufacturing of
synthetic  biocompatible
scaffold, into which new cells are able to
propagate, the objective being to replace the need
to make expensive, time consuming and painful

bone structures or

Coloured RM part showing

also found applications in the manufacture of osteoporosis bone used for

teaching and training aids for medical and surgical
students. Applications include the manufacture of

maxiofacial teaching

teachings aids to demonstrate bone density or tumour distribution.




RM has also found a number of applications within the dental sector, including
the manufacture of personalised dental caps, bridges and crowns, both in
standard Cobalt Chrome materials, but also in noble precious metals such as
gold. Additive layer manufacturing is also being used for the production of
individual forming tools over which invisible dental braces are being
manufacture.

By volume of units manufactured, by far the
largest application for RM at present is in the
production of personalised In-The-Ear (ITE)
hearing aids. These are manufactured to fit exactly
i nto each indi vidual p
device with increased levels of comfort and
performance though reduced feedback.

In - the - Ear (ITE) hearing
Other medical applications of RM include the aids individually

manufacture of low volume healthcare device customised using RM |

housings and components. Applications have been seen in the manufacture
of parts for specialist MRI scanning machines, blood centrifuges and
monitoring systems. In all cases traditional manufacturing was simply not cost
effective for the low volumes associated with specialist healthcare devices.
However, RM provides a cost effective production alternative.

\
RM is also being used to prevent accidents and
injury, reducing the burden on the National Health
Service. RM is currently being wused to
manufacture the soles of orthoticaly designed
footwear for performance athletes and is being
investigated for the manufacture of personalised
protective equipment such as shin pads and
contact sport padding. Further research is also
assessing the suitability of RM for the production

Laser sintered RM sports ;
helmet personalised to of personalised helmets, both for sports

the athlete . applications and on motorcycles.

Food & Drink

Although there are some examples of food
manufacture being undertaken using RM, these are
purely for technology demonstration purposes and
used as a way of engaging the general public and
school children with additive manufacturing
principles. Examples include machines that have
been developed to manufacture sugar candy gifts,
chocolates and animal shaped blocks of cheese.

Production line sensor
mounted onto an RM

bracket




However, to our knowledge there is no research globally focused on volume

RM food production.

There are however a number of case studies of
RM being used in the manufacture of low volume
component parts required in the food production
process. Examples include specialist manipulator
grips used to hold food trays, robot gripper
attachments used to pick and place food packaging
and in the manufacture of complex brackets to
support optical and non-contact sensors. Within the
food supply chain, RM has only been used (in a
very small way) to produce tooling for food
packaging production.

Low vol ume food packaging
tool manufactured using
RM

Design, creative industries and ICT (the internet)

As we have already discussed, RM allows for the manufacture of products
with almost limitless geometric complexity. Moreover, designs can be realised
that simply cannot be made using traditional manufacturing processes. This

makes RM products both highly unique, but also
highly appealing to the consumer. Such products
include lamp shades and sconces, table wear,
jewellery and bespoke architectural products.

However, to-date the design and creativity
potential of RM has been exploited by only a hand-
full of professional design companies, including
Materialise MGX in Belgium, Freedom-of-Creation
in Holland, Kundalini in Italy, Assa Ashuach in
London and Future-Factories based in Rauceby,

Laser sintered RM walll

Lincolnshire.

On line computer games
AEAOAAOAO BpitGA
using RM

lamp. Complex design can
only be made using RM

Within the last 12-months, RM has also raised
considerable interest within both the computer
gaming and internet content sectors. Most PC or
internet based computer games are now based on
3-dimension characters. Simplistically, these
characters are no different to the products
designed using a 3D CAD package and as such
can be -0pf dntuesd ng R M
number of companies have already launched
commercial offerings based on this model
including www.figureprints.com &
www.fabjectory.com.

[20)
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