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Foreword

This document contains a short review of how Rapid Manufacturing is
currently being adopted in the healthcare sector.

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’l igcelrleydr-bylayergithowhtnot
a new concept, layer based manufacturing has only recently matured to the
point where it can be used to make ‘end-use’ healthcare components, such as
orthopaedic implants, hearing aids, dental crowns, surgical aids and even
bone scaffolds for regenerative medicine.

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.

We hope that you find this short report enlightening.

Dr Phil Reeves — Managing Director

Econolyst Ltd
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Introduction to Rapid Manufacturing

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-fact stimulate a n industri al revol

di gital age’

Rapid Manufacturing (RM) is the name given to
the production -a6e”* sebpmps|
parts made wusing ‘ Addi ti¥f
(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.

"Manuf act

'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.

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 component s, pr oduciondje iagn’s, tasat
opposed signad-fornthen u f a,cednabling 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 litttle manual intervention.

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,

RM Body fitting
personal protective
armour (demonstration) |

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.

However, RM remains a nascent technology that is

Accetabular cups (hip- ) . . .
implants) manufactured | Sustainable, both in their production processes and

using Electron Beam RM | in the products that they manufacture.

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
RM could also support companies to become more

Why are companies adopting Rapid Manufacturing

There are four primary business drivers to the
adoption of Rapid Manufacturing:

@ 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.

In-the-Ear (ITE) hearing
aids individually
customised using RM




& 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 low
cost and with far less risk. This is particularly
appealing to the SME and the innovator ., == o0 implant used
community, where new products can be for maxiofacial
launched with limited financial investment. reconstructive surgery

& One of the unique attributes of RM is that
parts are made using additive layer based
processes. This allows additional
“functionality’ to be
build process. Such functionality may include
designed porosity in medical implants to
promote ngcebkbk’ , vari af
properties within a single part, or the addition §
of intelligent devVvi CCh3eq

: . : y
fibre-optics, strain gauges or shape memory Medical 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
benefit of allowing manufacture geographically closer to the customer
reducing cost but also at multiple locations mitigating single source
supply <chain risk. Mor eover the concep
significant environmental benefit as the transportation of both finished
goods and associated packaging are minimised.

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

&



RM and the Healthcare market

Healthcare represents probably the most diversified market place from 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.

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

RM has also been used for a number of

Ly ; prosthetics  applications  including  patient

L nysiotherapeutic knee | customised limb sockets and at a research stage

for the patient using RM | 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
also found applications in the manufacture of
teaching and training aids for medical and surgical
students. Applications include the manufacture of
teachings aids to demonstrate bone density or
tumour distribution. Current university research is
also investigating the use of RM to manufacture  co1oyred RM part showing
surgical training aids that mimic the feel and osteoporosis bone used for
texture of human tissue. maxiofacial teaching

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 f i t exactly into eachlindi

providing a device with increased levels of comfort and performance though

reduced feedback.

Other medical applications of RM include the manufacture of low volume
healthcare device 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.

Laser sintered RM sports
helmet personalised to
the athlete

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
of personalised helmets, both for sports
applications and on motorcycles.

The implication of RM on the regional citizen and

community

RM is an emerging technology with significant future implications. However,
we strongly believe that external factors will also have an impact on the need
for Rapid Manufacturing within society over the next 20-years.

There any many societal changes taking place
around us, such as an aging population and the
need for affordable healthcare. RM has the
potential to assist societal change in these
areas.

Similarly, cultural changes within society such as
population and religious migration, coupled with
increased technological capability in the home,
may also impact on the use of RM in the
manufacture of uniqgue and customised
consumer products; this will drive research,
particularly in the area of design and healthcare.

B, ) = v
Home based RM machines will
change the way we purchase
goods on-line




RM acceptance within the healthcare sector

Unlike the aerospace sector, the environmental and materials cost saving

benefits of RM are of secondary importance within healthcare. With more

value placed on the geometric flexibility of the technology and the economic

potential to manufacture low volume personalised products. It is this customer

or ‘ p@dntemitc’ pot ent i asent thér greatest Isusiness en t o
opportunity. Applications currently under development include aids to improve

patient comfort using conformal surfaces, individual drug delivery systems —

such as conformal drug patches, orthopaedic aids and rehabilitation aids.

Although for certain Medical Applications, RM parts would require clinical

approvals, this is not always the case, as a great number of applications fall

outside of the approvals framework. Moreover, the UK is less stringent than in

other countries, particularly the USA. In this case it may be possible to

transition relatively easily to an RM part from a traditionally manufactured part.
However, most traditional pauptf orwi.l IHema\ee
the real economic benefits will be finding new applications within healthcare,

which are not yet being services. Such applications may include patient
personalised splints, recovery aids, surgical training aids and procedure aids

such as jigs and fixation devices.

In summary, given the diversity of the healthcare sector, there will clearly be
opportunities for those companies able to embraces RM. However, it should
be pointed out that RM is not a panacea for all manufacturing problems, and
particular those companies engaged in volume healthcare manufacture may
be some years away from finding wide spread applications for the technology.

About Econolyst

Econolyst Ltd is a UK based consultancy firm dedicated to providing
technology strategies, project management, research and training involving
Additive Layer Manufacturing (ALM) technologies, and Rapid Manufacturing
(RM) applications. At Econolyst we work globally with private sector
businesses looking to implement RM and public sector bodies responsible for
assisting companies with technology change.

Supporting Business

Econol y st uses a Si X step “RM i mpl ement at. i
companies around the world to fast-track ALM processes into RM
applications. We start by helping you identify the business benefits that RM
could bring to your organization, before looking at the available RM materials.
Based on the most suitable materials for your given application, we then
assist you to indentify the most appropriate ALM technology, considering both
the process capabilities and constraints. Having identified the most suitable
material and process, we then work with you to develop a process cost model,
before looking into the deeper economic business and supply chain benefits




of adopting RM. Econolyst can then assist in developing either RM technology C]
acquisition strategies or supply chain development projects.

Supporting People

Econolyst provides dedicated RM-Masteaff deve
Cl asses’ |, a ser i es-day fraininghprograns ot angineersl and 2
designer and business managers. RM Master Classes can be delivered within

your company or organization or tailored to specific industry sectors, trade

associations or supply chains.

For more information on bespoke or scheduled RM Master Classes, please
visit www.rm-masterclass.com

Company Principle

Dr Phil Reeves (PhD Engineering, BEng Hons Manufacturing), is the
managing director and senior consultant at Econolyst Ltd
www.econolyst.co.uk. Phil is an experienced strategist, researcher and
writer on the future of the Rapid Manufacturing economy, technology,
logistics, education and the human resources needed in the future knowledge
driven society. Phil manages a small team of 5 fulltime and 14 part time
consultants and has undertaken a wide number of projects, which focus on
Rapid Manufacturing within industry, education and society and is an advisor
to a number of national and regional governmental bodies on the topic of RM.
Dr Reeves works with a range of global companies to help them implement
Rapid Manufacturing and to develop RM skills, awareness and knowledge
within the supply chain.

For more information please contact:
Dr Phil Reeves — Managing Director
phil.reeves@econolyst.co.uk

Econolyst Ltd
The Silversmiths
Crown Yard
Wirksworth
Derbyshire

DE4 4ET

UK
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Tel: +44 (0) 1629 824447

Fax: +44 (0) 870 1334869

Email: phil.reeves@econolyst.co.uk
Web: www.econolyst.co.uk
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