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VIEW FROM
THE CHAIR

M

y apologies, if you feel that I am on something of a ‘theme’ in
my recent Views. But, as we enter 2018, it would appear the UK
Government is on my message, too! As I write this column,
three government departments have come together –
Department for Transport, Department for Education and Department for
Business, Energy and Industrial Strategy – to launch the idea of 2018 being
the ‘Year of Engineering’. The idea behind the ‘year’ is, and I quote: “an
exciting opportunity to celebrate the great contribution that engineering makes
to our country and encourage young people to join the profession”.
Also, in November, the UK government led a communications activity on the
theme: ‘Inspire an engineer’, in the hope that more
could be done to help encourage young people from
different backgrounds to take a closer look at
engineering. More on this in our next issue.
For my own part, can I urge you to make some
New Year resolutions that support this initiative by
signing up at http://www.dft.gov.uk/year-ofMight 2018 be a time when engineering finally
engineering-2018/get-involved, and find out how you
takes its place in the spotlight once again?
and your organisation can add your weight to this.
The promise is for “government and industry to
offer young people across the UK a million direct
experiences of engineering in a major push to tackle
the skills gap”. We had all better get going then!
More seriously, it is, perhaps, encouraging to note that three government
departments, and their respective Ministers, are collaborating on this venture.
It does suggest some ‘joined-up thinking’ is in place, which is so important for
this kind of initiative. It is also encouraging to note that there is a focus to
“widen the pool of young people who consider the profession, diversifying
a workforce that is 91% male and 94% white” – something upon which I have
also written in this column not long ago.
The government has clearly listened to the plethora of reports, research etc
that have been highlighting the skills shortage in the engineering sector, along
with the lack of public awareness and understanding about engineering over
the last decade. However, the government and the education sector cannot
address this issue alone; as professional designers and engineers, it is our
responsibility to get engaged and do our bit.
May I encourage you one more time, therefore, to sign up at: http://www.
dft.gov.uk/year-of-engineering-2018/get-involved. Then you can start making
those all-important New Year’s Resolutions. They might just help to bring
about the changes we’ve all been seeking.

It’s Our Year:
hoorah!!

Get Involved

If you would like to contribute to any discussions, write to:
Dr Tania Humphries-Smith
CTPD CEng MIED FHEA FRSA, Chair, at:
The Institution of Engineering Designers,
Courtleigh, Westbury Leigh, Westbury, Wiltshire BA13 3TA.
Or email: chair@ied.org.uk
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ASIDES

It was good enough
for Michelangelo!

H

istorically, engineers
would keep day-books with
notes on meetings, rough
calculations and sketches of
their proposals. Today, most engineers
do not spend much time doing freehand
sketching. I have done some, but not
had a lot of experience. Some years ago,
I took over the first year Drawing and
Design course for Mechanical Engineers
at Imperial College London, so had to find
a way of teaching sketching to reluctant
engineering students. A major advantage
was that we were next door to the Science
Museum, with its vast array of potential
subjects for sketching exercises.
I used my meagre experience, and tips
from various sources, to put together a
list of helpful points and a few examples
and let them explore their drawing skills.
This is the list I gave them:
● If you have the skill to write your own
name, you have all the dexterity you need
to draw a picture.
● Right-handed people usually draw more
accurate free-hand circles clockwise and
left-handed people draw them better anticlockwise.

www.ied.org.uk

● To draw a straight line; put
a dot where you want each
end to be, then put your
pencil on one, fix your eye
on the other, and draw
between.
● Use convenient
lines or reference
points to ‘frame’ your
view, then set up a
reference frame on your paper of
the same proportions. Set out the
main features of your sketch relative to
that frame.
● Draw a complete picture from one
position; if you move, even a short
distance, apparent spatial relationships
between objects will change.
● Break down complex views into simple
geometrical shapes; draw them as feint
lines, then fill in the details.
● When drawing heads, the eyes are
usually halfway up.
● Turning a pencil between strokes will
make the point last longer.
● Be confident and bold when making
pencil strokes; use the whole sheet for
your drawing, not a ‘’postage stamp’ in
the corner.
● If you find a complex drawing difficult,
start with a simple detail in the right
place, then draw the bits round it. Look
for alignments of parts, which help set up
the whole drawing.
● When drawing a complex shape, such
as a wooden chair with rails, try first
drawing the shapes of the spaces around
it and then fill in the object.
● When several pieces obscure each
other, stop the lines of the rearmost
part before they reach the outline of the
obscuring piece. This gives depth to the

AdobeStock

Asides author Colin Ledsome CEng FIED reflects on the virtues of
sketching out ideas as part of the design process

Right: Edison’s
sketch of the
phonograph.
Below right: Don
Quixote scribble
drawing by Picasso.
drawing and
helps to see
the pieces as
separate.
● Try to find a
focal point in
the drawing,
where the viewer’s
eye will fix and
concentrate on the
details in that area.
At the end of the
year, one student
comment I treasure
was: “When I started
here, I didn’t think I
could draw; now I know I can.” I would
encourage all engineering designers to
try sketching things more often. Build the
confidence to put pencil to paper.
For more detailed help, read ‘Thinking
with a Pencil’, by Henning Nelms, Barnes
and Noble.
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BOOK REVIEW

Growing
concerns

The idea that growth may not be a good thing of itself
is explored in a new book, reviewed here
by Colin Ledsome CEng FIED

T

he basic premise of this book
by author Kate Raworth is that
recent economic theory, based
on the idea that continuing
growth is good, has lost sight of the real
reasons for studying economics. The
simplistic notion of growth for its own sake
may not be good in the longer term.
This is a radical position, but is backed
by well-reasoned arguments for a different
viewpoint. The doughnut in the title is a
simple diagram with two concentric rings,
divided into segments, each representing
part of human activity.
The inner circle is the lowest level
of viable economic activity. The outer

Title Doughnut Economics
Author Kate Raworth
Publisher Random House Business Books
Publication date 2017
Reviewer Colin Ledsome CEng FIED
ISBN
ISBN 9781847941374 (hardback)
ISBN 9781847941381 (trade paperback)

circle is the level beyond which there is
no further overall advantage and may be
detrimental. Another diagram of a circular
(butterfly) economy should ring bells with

designers trying to reduce ecological
impact. Although Raworth may have a
struggle to convince her fellow economists
of her ideas, the book does give a more
pragmatic link between economic thinking
and the real world that designers have to
deal with.
This book should really sit alongside
W Edwards Deming’s classic book, ‘Out
of the Crisis’, as a practical approach to
incorporating economics into industrial
planning. It would certainly make a more
interesting basis for the business and
economic aspects of studying design than
most of the other fairly dry business texts
that are available.

renewable materials
technical
nutrients

biological
nutrients
TAKE

REGENERATE
and capture
value at each stage
of decomposition

MAKE

CONSUME USE

RESTORE
repair
reuse
refurbish
recycle

minimise lost
matter and heat
The butterﬂy economy: regenerative by design
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The Doughnut: a twenty-ﬁrst century compass. Between its social
foundation of human well-being and ecological ceiling of planetary
pressure lies the safe and just space for humanity.

www.ied.org.uk

COATING SYSTEMS
Titanium alloy used to to replace
steel-based bearings in landing
gear on the Airbus 350 and 380
passenger jets could soon be
employed in human hip and
knee replacements

Take-off time!
T

he coating system that enables
light and strong titanium alloy
to replace steel-based bearings
in landing gear on the Airbus
350 and 380 passenger jets could
soon be used in human hip and knee
replacements. Advanced hard coatings
specialist Wallwork Cambridge has
been awarded funding from Innovate
UK, the government-backed sponsor
of breakthrough technologies, to
research the medical application of this
process. The development has promise
as an enabling technology that may
lead to customised implants made by
additive manufacturing, leading to light,
strong, safer and longer-lasting joint
replacements, with potentially huge
savings for the NHS.
Titanium is already widely used in
orthopaedic surgery as bone splints,
plates and other devices. The material
has high strength, fatigue resistance,
lightness and good bio-compatibility,
though long term use can cause staining
to skin tissue. Unfortunately, it performs
poorly in load-bearing situations, due to
its relative softness.

www.ied.org.uk

Aircraft technology is bringing new hope for better patient
outcomes when it comes to hip and knee replacements

MORE RESILIENT
When used in aircraft bearings, Wallwork
claims to overcome this with a duplex
coating process where deep nitrided
cases are created in the metal surface
to make it more resilient. This is then
followed by the application of a hard
micro-thin and highly lubricious coating
by physical vapour deposition (PVD).
The company is one of the largest PVD
processors in Europe.
Knee and hip replacements are usually
made from an alloy of cobalt, chrome and
molybdenum (CoCrMo) or from ceramics.
These materials are sometimes used
in hybrid structures, in combination
with high density polymers. Issues have
arisen of metal-ion leakage from CoCrMo
devices, plastic degradation and breakage
or chipping of the ceramic implants in
active individuals. This can cause pain
and discomfort to patients and be highly
damaging to surrounding tissues.

A patented coating, Agilliant, is under
development at Wallwork that will provide
an effective barrier against the release
of metal ions and which also includes a
small proportion of silver to give active
protection from post-operative infection.
The material is super smooth, permitting
the easy passage of tendons, so that they
do not become inflamed. The barrier is
also effective against bio-tribo corrosion
by the synovial fluid that still acts as a

Wallwork Cambridge - a centre of
medical implant hard coatings
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Wallwork claims to have overcome the load-bearing shortcomings
of titanium through a duplex coating process it has developed

Hard coatings research and development at Wallwork
promises better patient outcomes for surgical implants
natural joint lubricant in artificial implants
Head of research and development
at Wallwork, Dr Jonathan Housden,
explains: “The duplex coating process,
incorporating Agilliant as the final coating,
opens the way for the introduction of
a new generation of durable titanium
implants. These will be lighter and more
comfortable for the patient, with fewer
complications caused by post-operative
infection and mechanical wear.
“Early trials to simulate many years
of use suggest that the joints will, in
many cases, outlive the patient, leading
to a £300 million annual saving for the
NHS by allowing more efficient use of

8

orthopaedic resources as rework of failed
or compromised treatments is reduced.”

VITAL COLLABORATION
Wallwork is collaborating with the
Institute for Functional Surfaces (iFS) at
the University of Leeds on aerospace
technology transfer. A major implant
manufacturer and leading NHS centres
are ITS project partners for the Agilliant
coating. Not surprisingly, extreme care
is taken with the development of all new
technologies in the medical field, but the
company anticipates the first patient trials
for the new devices could commence in
as little as four years, after completion of

intensive laboratory simulations The iFS
– formed from the Institute of Engineering
Thermofluids, Surfaces and Interfaces
(iETSI) – has seen its research evolve
substantially over the past few years. Its
strengths in tribology continue to expand,
while corrosion and biomimetics have
become new areas of research.
Surface engineering is a critical
technology in which it is heavily involved,
underpinning major industry sectors
including aerospace, automotive,
construction, the off-shore industries,
power generation and bio-medical
applications. Appropriate coatings can
solve a diverse array of engineering
problems and provide protection
against corrosion, wear damage or high
temperature, but these can also supply
added-value, increasing economic and
environmental benefits.
A major challenge in modern surface
engineering is to produce high durability
surfaces with sufficient multi-functionality
for today’s tribological challenges. This
requirement can be currently provided,
as research in Surface Engineering
area benefits from a unique MultiCapability Coatings Technology Platform
funded recently by EPSRC as a part of
£1.6m equipment investment to Leeds
University. It was installed at the end of
2011 in newly refurbished Tribological

www.ied.org.uk

COATING SYSTEMS

A CENTRE OF MEDICAL IMPLANT HARD COATINGS
From sites in Manchester, Birmingham and Cambridge, Wallwork Group works with race engineers
and their related sub-contractors, employing the advanced metallurgical processes and surface
engineering products that are used throughout motor sport – from drag racing to F1. This is enhanced
by a material analysis laboratory, with a newly launched mechanical testing capability. Heat treatment
capabilities cover many materials and techniques, including case hardening, vacuum treatments,
solution and ageing of titanium.
Surface enhancement technologies play a major role in reducing friction, increasing wear
resistance and prolonging the life of highly stressed engine and gear components. These include PVD
coatings, along with low friction carbon thin films, such as WCC-H and DLC, and a recently developed
duplex process called Nitron 100 for titanium alloys and stainless steels. Wallwork also provides dry
lubricating films with both Molybdenum Disulphate and Xylan.
Nitriding is used on motorsport wear parts to create fatigue resistance. A high level of precision
enables a high hardness to be achieved, without compromising the base metal properties. Camshafts,
piston rings, valves and other metal-to-metal contact components all benefit.
Meanwhile, vacuum brazing capacity is expanding from the company’s Cambridge site to the other
two sites. This method of joining dissimilar metals allows motor sport engineers to form complexshaped profiles and create new parts with great endurance capabilities.

Coatings Laboratory in the School of
Mechanical Engineering and is run
by researchers from the Institute of
Functional Surfaces.
The platform is the fruition of the past
20 years of technological development
of plasma enhanced physical and
chemical vapour deposition (PVD/
CVD) technologies and the emergence
of PVD/CVD hybrid coating deposition
technologies. A unique configuration of
the platform makes possible the creation
of engineering devices and components
with vastly improved nanostructured
coating/substrate systems – said to be
well beyond those currently regarded as
state of the art. The platform is a key
manufacturing facility, in terms of ability
to provide tailored surface engineering
solutions to specific problems across
all major industrial sectors. Work with
both small-scale experimental samples
and full-scale industrial components is
possible using the equipment.
Surface analysis techniques are
an integral part of surface engineering
design. These probe material surfaces,
providing information about physical,
chemical and geometrical architectures.
Several advanced surface analysis
techniques are available in iFS:
Secondary Ion Mass Spectroscopy,
Atomic Force Microscope, FTIR, Nanoindentation. These are augmented by

www.ied.org.uk

A new generation of highly durable titanium implants is being
mooted, with patient trials commencing in as little as four years
peripheral attachments for mechanical
characterisation under low loads and
various imaging techniques.

THRIVING INTERACTION
Importantly, the iFS’s interaction with
industry in the UK and overseas is
thriving. It has a strong reputation for
working with organisations across both
the automotive and manufacturing
sectors, and more recently has developed
strategic partnerships in the healthcare,
and oil and gas sectors.
“We now have 40 PhD students
working on a diverse range of projects,”
it confirms. “Our postgraduate and
postdoctoral research community are
the linchpins of our institute and it is

through them that we are able to deliver
exciting and innovative research. We
have ambitious targets and what makes
these realistic is our extremely talented
and versatile staff. As engineers, we
are continually addressing some of the
most challenging technological issues
by devising creative and adventurous
research programmes.”
Tribology and tribochemistry research
in Leeds, for instance, covers a broad
portfolio of analytical and experimental
projects studying friction and wear
phenomena occurring in all contact
modes, from dry to the hydrodynamic
lubrication regime. For those requiring
hip and knee replacements, the future
looks increasingly promising.
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Meet

LIGHT
RIDER
3D printing has become an unstoppable force. So has the new
Light Rider motorcycle, weighing in at just 35 kg and capable
of going from zero to 80 km/hour in three seconds

3

D-printing technologies – or
additive manufacturing, as it is
now more widely known – are
revolutionising the design and
manufacturing process, not only in terms
of structure and aesthetics, but also in
impressive weight savings on parts and
equipment when compared to those
made using conventional manufacturing
techniques.
From home décor to medical
prosthetics, robotic parts to aircraft
interiors, 3D printing is seen by many as

Joachim Zettler (left), CEO of Airbus
APWORKS, and Airbus Group CEO
Tom Enders, presenting ‘Light Rider’,
said to be the world’s first 3D-printed
motorcycle prototype
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the future of manufacturing. One company,
APWORKS, a 100% subsidiary of Airbus,
has worked at the forefront of additive
layer manufacturing (ALM) and advanced
materials since its launch in 2013 to
produce bionically optimised metal parts
for a wide range of industries, from
aerospace to automotive and robotics.
Its newest creation? What is said
to be the world’s first 3D-printed
motorcycle, made using APWORKS’
Scalmalloy material. The machine
weighs in at a svelte 35 kg overall (the

frame is a mere 6 kg), which is 30%
lighter than conventionally manufactured
e-motorcycles, according to APWORKS.
Dubbed the Light Rider, a 6 kW electric
motor powers it from 0-45 km/h
(the standardised measure for the
acceleration of electric bikes) in a matter
of three seconds.

IN THE RHYTHM
APWORKS used an algorithm to develop
the Light Rider’s optimised structure
to keep weight at a minimum, while
ensuring the motorcycle’s frame was
strong enough to handle the weight
loads and stresses of everyday
driving scenarios. The result of all this
technology? A motorcycle that looks
much more like an organic exoskeleton
than a machine. But, then again, that
was a very deliberate design goal for
APWORKS, which programmed the
algorithm to use bionic structures and
natural growth processes and patterns
as the basis for developing a strong, but
lightweight, structure.
The Light Rider’s design echoes the
form of a conventional motorcycle – but
looks like a distant relative of today’s
motorbikes. “The complex and branched
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3D PRINTING

THE ALLOY ALLY

APWORKS’ Scalmalloy material is a corrosion-resistant
aluminium alloy that is virtually as strong as titanium

hollow structure couldn’t have been
produced using conventional production
technologies, such as milling or welding,”
says Joachim Zettler, CEO of Airbus
APWORKS GmbH. “Advances in additive
layer manufacturing have allowed us to
realise the bionic design we envisioned
for the motorcycle, without having to
make any major changes. With these
technologies, the limitations facing
conventional manufacturing disappear.”
Each 3D-printed part of the Light
Rider’s frame – produced using a
selective 3D laser printing system that
melts millions of aluminium alloy particles
together – consists of thousands of thin
layers just 60 microns thick. Leveraging
the benefits of 3D-printing technology,
APWORKS designed frame parts that
were hollow, instead of solid, which has
allowed for integrated cables, pipes
and screw-on points in the finalized
motorcycle structure – resulting in a
dramatic 30% weight reduction over

motorcycles produced using conventional
manufacturing techniques.

RIDING HIGH
“We further harnessed the benefits of
metallic 3D printing by using our own
proprietary material, Scalmalloy, for
the construction of the frame,” adds
Zettler. Scalmalloy is a corrosionresistant aluminium alloy that is virtually
as strong as titanium. Specifically
developed for ALM-based production, the
material combines high strength with an
extraordinary level of ductility, making it
an especially interesting material to use
for highly solicited parts in lightweight
robotics, automotive and aerospace
applications.
You don’t have to wait long for the
chance to ride the motorcycle of the
future: APWORKS is planning a limited
production run of 50 Light Riders for
purchase, for those who can’t wait.
See www.lightrider.apworks.de

“Each 3D-printed part of the frame – produced
using a laser printing system that melts millions
of aluminium alloy particles together – consists
of thousands of thin layers just 60 microns thick”
www.ied.org.uk

In 2013, APWORKS was founded with the goal of
making proven aerospace technologies accessible
to different industries. A cornerstone of that has
been Scalmalloy, one of the latest materials
developed by Airbus. It is a second-generation
aluminium-magnesium-scandium alloy (AlMgSc),
and was developed for high and very high-strength
extrusions.
Now Airbus Group Innovations’ ongoing R&D
work into AlMgSc alloy technology has resulted in
the development of the Scalmalloy alloy family,
which offers material solutions “with exceptional
fatigue and toughness properties” that can be
tailored to a range of different specifications.
This alloy powder has proven its applicability on
different powder bed build-up platforms.
Over the past three years, Scalmalloy has been
further developed, and can today be used for
series production-scale manufacturing using 3D
printing and Additive Layer Manufacturing (ALM)
technologies.
“Combining the benefits of metallic
3D-printing with new materials can greatly expand
the possibilities for manufacturing modern
components,” state Joachim Zettler, CEO of
Airbus APWORKS.
Scalmalloy is a corrosion-resistant
aluminium alloy that is virtually as strong as
titanium. Specifically developed for ALM-based
production, the material combines high strength
with an extraordinary level of ductility, making
it the ideal material for highly solicited parts
in applications like robotics, automotive and
aerospace. In comparison: the aluminium-silicon
powder AISi10Mg, which is very popular for ALM
applications, is only half as strong. Besides its
excellent strength properties, its high level of
ductility gives it a distinct advantage when it
comes to safety-critical applications.

The machine weighs in at 35kg overall, which
is said to be 30% lighter than conventionally
manufactured e-motorcycles.
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Disputes: How to

Avoid Litigation
Rhys Jarman, partner at Wright Hassall, outlines the 7 steps that should be
taken to minimise contentious situations to the greatest extent possible

N

avigating through the
current landscape of Brexit
uncertainty with the evermutating direction of UK-EU
negotiations, working with a weak pound
and the often resultant increase in
production costs, means the pressure to
chase up unpaid accounts with greater
force than ever is understandably
strong. Whilst threatening legal action to
get accounts paid may seem attractive,
the least expensive approach in the long
run is to be proactive about avoiding
litigation altogether.
If you have been involved in litigation
before, you will know how timeconsuming, costly and distracting it can
be. Time spent preparing for trial at court
takes away valuable time and money
from business. Litigation can damage
business reputation and often takes its
toll on company morale.
Before running away with the desire
to pursue legal action, and because a
court will always review whether parties
have attempted to resolve a dispute
themselves before reaching court,
we recommend 7 steps to minimise
contentious situations to the greatest
extent possible:

Do your research
Before you tie yourself into any
contractual relationship, take
some time to research the
potential supplier or employee,
client or customer. Do they have
the appearance of a company you
would do business with? And do the
people seem like people you would
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be happy to deal with?
Additionally, double check for any
indication as to whether a potential
supplier is involved in any
disputes and consider
whether this may reflect
the true nature of the
company you are
looking at contracting
with.

Take care at
the contract
drafting stage

Rhys Jarman is a partner at Wright
Hassall LLP. As a litigator, he resolves
disputes for clients on a day-to-day
basis. He is a specialist intellectual
property lawyer, acting for many
manufacturers and engineering and
design companies, ranging from
owner-managed businesses through to
multi-national public limited companies.
He is known for his commercial approach
to the resolution of disputes.

At the dawn of a new
working relationship,
parties can be so keen to
‘jump in’ that taking some time
to properly tailor a contract falls to the
bottom of the pile. Worse still, parties
are so excited, that a contract is not
even signed! Yet the contract is the first
legal port of call at any initial sign of
disagreement and then everyone looks
to it for protection. For this reason,
contracts should be carefully drafted
at the outset. Terms need to be clear,
precise and unambiguous. Key points
for consideration when drawing up the
contract are:
● What constitutes a default?
● How can either party terminate
the contract?
● Is your company adequately
protected upon termination?
● What forum should your dispute
be brought in, in the event of
a dispute?
● Are there adequate – or
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LEGALLY SPEAKING

excessive – limitations of liability?
● Is your company adequately
indemnified?
● Should there be requirements that
insurance policies cover your company?

Read the agreements
It sounds simple, but, before the
contract is active, read it carefully and
understand its day-to-day operation. Time
and time again, we see situations where
an accepted regime falls short of the
provisions specified in the contract. This
is fine up until the point where the parties
used to that regime have a disagreement.

Keep all parties informed
One of the best ways to avoid conflict
and misunderstanding is to ensure your
suppliers, clients or customers always
know what is going on and are kept
updated. This may include informing
them about increases in costs,
budgets and scheduling. Discontent
can often arise when you fail
to meet a cut-off date or do not
attend to seemingly minor things,
like returning emails and calls
promptly. Respecting your supplier
or customer and always keeping them
well informed can go a long way towards
avoiding litigation. We cannot emphasise
this particular point enough, having dealt
with many supplier and customer disputes
over the years.
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Act before
issues escalate
If you take steps to deal with a hitch
when it first happens, you can often
prevent it developing into a major
problem before positions become
entrenched. Face-to-face meetings
can often help to air issues before
they escalate. Ignoring a glitch
or complaint and hoping
it will go away will not work. It
is best either to raise the
matter directly or
to seek legal
advice before you
do so. Seeking legal advice early on
does not necessarily mean a serious legal
dispute has arisen. Dispute resolution
advice is very effective when delivered
as an issue first emerges. Lawyers do
not need to necessarily take an active
role, but can offer legal guidance focused
on strategy and resolving complaint
situations. Insightful legal advice can
quickly diffuse potential disputes, while
preserving the commercial position
for the future.

Think objectively
Try to put yourself in the other
side’s place and work out what
is motivating their decision
to raise a complaint, or to
refuse to perform the
contract, or to threaten
legal proceedings.
Does the other
party have
a genuine
reason
for complaint or for
commencing litigation?
There may, of course, be
circumstances where litigation is
advisable or
unavoidable; but, if
you follow these
guidelines, you
will have a much
better chance
of resolving
your dispute
amicably and
of avoiding
litigation

Internal dispute
resolution training
You should ensure that
your management team
is effectively trained
to identify and patch
up disagreements
or complaints, and is
comfortable enough to
raise them with you.
Do you have systems
that encourage
employees to report
potential risks?
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Oh baby, youÕre a...

Formula1 special
Formula 1 technology has had an impact in many other sectors, from aeronautics to cycling,
public transport to data analytics. But now racing legend Williams has come up with a high-tech
carrier for critically ill new-born babies

E

very year, the Williams Formula
1 team spends more than £100
million trying to make two cars
go around a racing track as fast
as possible. Ignore the adrenaline-fuelled
appeal of wheel-to-wheel racing and it
might all seem rather pointless to the nondevotee. Yet the technology developed in
the white heat of competition can turn up
in some surprising places, to enormous
effect and benefit.
The materials and techniques used
to build Williams’ F1 cars, for example

– and which protect Formula One drivers
in the event of a crash – are now being
employed to make an altogether different
type of transport: for new-born babies.
The Babypod 20, as it is known, is
a sleek, lightweight box with a sliding
transparent lid and a heavily padded
interior. It is designed for transporting
infants who are critically ill, whether by
car, ambulance or helicopter.
It looks fairly basic, but is the result of
an intensive development process. The
material used in the design is carbon
fibre, the same remarkably strong material
used in F1 cars.

The ‘Babypod’ is designed to be light,
strong and easily accessible

Photo: Williams.

TRANSPORT CHALLENGES
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The pod is being constructed by Williams
Advanced Engineering, a sister business
to the Formula 1 team, based at the same
UK site in Grove, Oxfordshire. The firm has
been working on the new design alongside
Advanced Healthcare Technology (AHT), a
company that has been building transport
systems for babies for a number of years.

Transporting new-born babies from
place to place is not easy. They need to
be kept at a constant temperature and
protected from vibration and noise, while
being monitored closely by medical staff.
In the past, incubators were used. But
these are heavy, cumbersome devices,
that require an external electricity supply
and often dedicated vehicles to carry
them as well. The Babypod was initially
developed by AHT as a lightweight and
more practical alternative. Williams was
then called in to develop a new, more
advanced design.
The upshot is the Babypod 20,
designed to provide the environment that
a baby needs at a significantly reduced
price when compared to a standard
transport incubator. Moreover, it can
attach to any transport stretcher, whether
on a trolley, or in an ambulance, car or
even helicopter.
Weighing in at just 9.1kg (20lb) – about
the same as three bricks – it takes up
relatively little space and can withstand
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F1 TECHNOLOGY

Photo: Charles Coates/Williams.

Sparks fly from
the rear of Felipe
Massa’s Williams
FW40 Mercedes

hospitals can benefit from this Formula
One-inspired technology.”
The manufacture of the Babypod 20 will
take place at the Williams headquarters in
Grove, Oxfordshire, and utilise the same
resources used to make the company’s
Formula One cars each season. Crucially,
Williams’ extensive experience in working
with carbon fibre, and its strong supplier
network, will allow a significant increase in
the number of Babypod’s produced each
year. This will mean that more hospitals
and ultimately more new-borns will be able
to benefit from this technology.

Eithne Polke, operational manager/
retrieval coordinator for Children’s Acute
Transport Service, has been part of the
team working with Babypod 20 at Great
Ormond Street Hospital. “The CATS team
control around 50% of London’s emergency
movements, so fast and effective
transportation in these situations is vitally
important to saving lives. The new Babypod
has an adapted design that allows for
greater flexibility and manoeuvrability when
moving critically-ill infants from one mode
of transport to another.
“Not only is the environment controlled
at a constant temperature, but the visual
opportunity afforded by the redesigned
cover allows the baby to be constantly
monitored and for better accessibility.
Overall, we’re delighted with the updated
Babypod design and safety features, and
believe it has made a big difference to our
transportation processes.”

Photo: Malcolm Griffiths

NEW DESIGN CONCEPTS

The Williams Babypod 20 infant carrier
(right) owes much to F1 car technology

SAFE AND SOUND
Speaking about the project, Craig Wilson,
managing director of Williams Advanced
Engineering, has this to say: “The
parallels between a Formula One car and
transport device for babies may not be
immediately apparent, but both demand
a lightweight and strong structure that
keeps the occupant safe, in the event of
an accident, and can monitor vital signs,
whilst remaining easily transportable and
also accessible.
“We have taken the existing Babypod
product and worked with AHT to create
a device that is not only more compact
and user-friendly but, crucially, can be
scaled up in its production, so that more
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LIFE-SAVING TREATMENT
“Our focus over the last ten years has
been to provide safe transport and
occupancy devices for babies and
small children,” states Mark Lait, the
design director of Advanced Healthcare
Technology, “assisting the talented
teams of specialist doctors, nurses and
technicians to retrieve sick babies and
transport them to the most suitable
‘centres of excellence’ for the life-saving
treatment they require.
“As a UK company, we are particularly
pleased to have the opportunity to work
with the designers and engineers at
Williams to develop this ‘next generation’
of BabyPods, and to harness their
knowledge and skills to make this new
model available. This design, with reduced
weight and increased strength, has also
delivered improved features of protection
against vibration and noise and, of course,
the dangers related to impact, which
inevitably sometimes occur with medical
vehicles traveling at speed.”

Photo: Andrew Hone/Williams.

an impact of up to 20G (in case the
ambulance carrying it is involved in an
accident, for instance). To begin with,
it is being used by the Children’s Acute
Transport Service (CATS) of Great Ormond
Street Hospital in London, though the plan
is to market it much more widely.

The emergence of businesses like Williams
Advanced Engineering, set up in 2010 to
make broader use of the technology and
expertise developed at such huge expense
in Formula 1, is now helping to develop and
deliver new design concepts across many
industry sectors, with much of what it does
still linked to the automotive sector. For
example, it helped design a hybrid supercar
for Jaguar, as well as an electric version of
Aston Martin’s Rapide sportscar - known as
the RapidE. But it has also branched out
into areas such as designing energy storage
systems for solar power projects.
It seems that what goes around, and
comes around, on the track is having a
knock-on effect that will make a world of
difference to many new-borns who may
need that vital early helping hand.

Silverstone, Northamptonshire, Sunday, 16 July,
2017: Felipe Massa, in Williams FW40 Mercedes,
makes a pit stop during the race
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KING OF THE

MOUNTAIN

BIKE!

As a child, Stewart Palmer was always more interested in dissecting his bike
and finding out how it worked than riding it. Now, as a businessman, his latest
mission has been to deliver the “aesthetically perfect” downhill mountain bike

A

s a fifth-generation engineer,
Stewart Palmer knew from a
young age the path his career
would take. Now, as a highly
skilled engineer, he has spent the last
18 months designing and manufacturing
his own downhill mountain bike.
Palmer’s engineering pedigree has
been earned as a programmer and
machinist of F1 components and highperformance engines. However, the dream
of designing his own product didn’t arise
until he joined North Bucks Machining Ltd
(NBM), the family-owned company started

by Stewart’s parents in 2011. As the
brainchild of his late father Dave Palmer
(see the panel on page 17), NBM was
started when Palmer senior was made
redundant from his position of toolroom
manager at a blow mould outfit producing
plastic packaging products. He and his
wife Rose started with a HAAS machining
centre and eventually brought in Stewart
and their daughter Jo-Anne to take the
company to the next level.
Reflecting back on the early days of
the business, Stewart Palmer says: “The
business rapidly became successful in the

The Alpha Frame, from North Bucks Machining
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3-axis machining arena, but a contract to
design and manufacture eight mould tools
for 5-litre Jerry Cans meant we had to
invest in technology. I previously worked
at a prestigious company producing 5-axis
F1 parts, so my ambition was always to
evolve into the 5-axis market. This arrived
in the guise of a Quasar 5-axis machining
centre from the Engineering Technology
Group (ETG) and high-end CAM software
from OPEN MIND Technologies. I had a
great relationship with ETG; and, from
previously working with an F1 component
manufacturer, I knew hyperMILL from
OPEN MIND was the only option with
regards to CAM software.
“High-end CAM software can be an
expensive outlay for a small business
with just six staff and a few HAAS
3-axis machining centres, but, if you
can comprehend the potential benefits,
it’s a no-brainer. My family took some
convincing, but the penny dropped when
we had to produce a knife blade for a boxfolding company. Using our previous CAM
system was a struggle that made this
relatively easy remodelling task a two-hour
job. I convinced the family of the benefits
of OPEN MIND’s hyperMILL and, as soon
as we bought it, I modelled the next knife
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DOWNHILL RACER

Taking downhill mountain
biking to the MAXX

tool in just 10 minutes.
Everyone was immediately
convinced.”

WHY BUILD A BIKE?
Palmer’s background in
designing and producing
complex parts soon gave
the biking enthusiast the idea of designing
his very own bike. In his spare time, he
created numerous drafts of his first bike
design. He eventually took the concept
to Laser Scanning, a design agency that
developed a 3D CAD model from Stewart’s
sketches. From this 3D CAD model,
comprehensive Finite Element Analysis
(FEA) was conducted to put shocks, loads
and particular stresses on the frame
design. Once the 3-piece frame design
passed the simulated stress testing,
NBM set about machining its first bike.
The aim of the design was to improve
the strength and structural integrity of a
mountain bike. As Palmer
says: “Standard bikes
are produced from hollow
tubes that are fabricated
together. This design
automatically has weak
points on every weld
seam. To reduce weight,
we realised we couldn’t
machine hollow tubes, so
we used solid aluminium
billets and i-beam
technology to scallop out
the sides of the frame to

www.ied.org.uk

reduce mass. We calculated that we could
machine our rib thicknesses down to
5mm, whilst retaining structural integrity.”

FIGHTING BACK
FROM A SAD LOSS
It has been a tough two years for North Bucks
Machining, as Dave Palmer, the company’s
inspiration and driving force, was suddenly
taken ill in Dec 2015 (three months after
completing the bike frame project). Due to
the severity of his condition, Dave and his
wife Rose had to step back from the business,
but many a board meeting was conducted
around a hospital bed.
“After a year of battling a terminal blood
cancer, Dave Palmer passed away on the 17
December 2016,” says his son Stewart. “We
lost our father, business partner, mentor,
oracle, engineering pioneer and above all a
really nice guy.”
The immediate focus went from designing
a bike to finding new avenues of work, while
showcasing the company’s engineering skills
and diversifying into other areas. “Through
our adversity and determination, we have
taken the business to new heights,” adds
Stewart Palmer. “Since December 2015,
North Bucks Machining has been primarily run
by myself and sister Jo-Anne Anderson. We
are pushing Dave and Rose's legacy forward
and, even through everything, are reporting
substantial growth year on year.”

A BIKE WAS BORN....
The bike design consists of three core
features: the main frame, the seat post
and the swing arm that connects the main
frame to the rear wheel and suspension.
“To emphasise the level of machining
required, the main frame is machined
from a 100kg aluminium billet down to
a 4.5kg frame. The seat post starts as
a 15kg billet and ends as a 250-gram
part and the swing arm is machined from
a 50kg billet down to a 2kg
part. This leaves an aluminium
frame of less than 7kg from
an overall billet weight of
165kg.”
This may appear a
costly and time-consuming
method of production, but
NBM investigated waterjet
cutting and the time and
cost element was similar.
The aim was to prove the
concept and manufacture the
best possible product. Moreover,

Dave and Stewart Palmer, just after
completing the bike frame project
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DOWNHILL RACER

The Alpha bike with 5-axis machine

mindful of how little aluminium is left from
the three original billets after machining
is completed, North Bucks Machining
recycles all of its scrap material for re-use
elsewhere.

SURFACE FINISH
Using OPEN MIND’s hyperMILL, the frame
is machined in 40 hours, the swing arm in
18 hours and the seat post in 15 hours.
However, with just two frames produced
to date, time is not what the main
consideration for NBM. As Palmer points
out: “At this early stage, the machining
time is not the key issue, it’s the surface
finishes. Once this frame is machined,
it has no secondary hand finishing; it’s
ready for final assembly or shipping.
It’s all about delivering an aesthetically
perfect bike to the customer.”
To this end, hyperMILL has genuinely
been in a class of its own. As Stewart
mentions: “The project wouldn’t have
been possible with our previous CAM
software. Without hyperMILL and the

Arm on the 5-axis machine
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5-axis Quasar, it would have been
impossible. But what sets OPEN MIND’s
hyperMILL apart is its finish machining
cycles. hyperMILL automatically groups
together the Z-level finishing and ‘profile
finishing’ cycles to blend perfectly
between two surfaces and the two
separate cycles. This is critical for our
ambitions of the perfectly finished frame.”
“Furthermore, the frame has a lot
of pocket machining, so naturally there
is a radius left at the bottom of each
pocket by the cutting tool. To resolve this,
hyperMILL has a ‘pencil milling’ feature
that can isolate all the remaining fillets for
re-machining. The machine then selects
a small tool, which removes the excess
material in the corner of each pocket.”

PRODUCTIVITY TO THE MAXX
While surface finish is more critical
than cycle times, Stewart Palmer is
aiming to reduce the machining time
by implementing OPEN MIND’s new
hyperMILL MAXX machining package for

Simulation of the Alpha seat post

rough machining. Marketed by OPEN MIND
as the next generation in CAM software
for cutting hours from machining cycles,
NBM has run tests of hyperMILL MAXX
and found the cycle time reduction to
be extremely positive. Just one of the
roughing cycles on the main frame has
been reduced from 2 hours 20 minutes
to less than 1 hour 30 minutes, a 40%
reduction.
It is estimated that, if the part was run
on a machine with a spindle speed in the
region of 15 to 18,000rpm, as opposed
to the existing 8,000rpm, the cycle time
would fall close to 30 minutes – which
would be a massive 80% reduction on the
existing run-time.
As a project in its infancy, Palmer has
ambitions of further enhancing the design
of the frame to reduce the overall weight
from 6.75kg to approximately 5kg. “As
an engineer with a pedigree in F1 design
& production, getting the frame to shed a
few grams as it progresses will be second
nature,” he enthuses.
If you are a mountain biking enthusiast
or want to know more about the project,
you can contact North Bucks Machining
in the heart of the UK motorsport valley
of Milton Keynes to get more details. The
company will look to retail the 3-part frame
and rear suspension unit in the region
of £7,000 or a completely built bike
with a top specification at approximately
£10,000.
Meanwhile, Palmer reports that there
is another related project in the pipeline
– a children’s balance bike, known as
the ALPHA CUB. Prototypes should be
available soon.

Seat post alongside billet, in order
to demonstrate rough machining
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AUTONOMOUS PODS

Going that

LAST
MILE
Driverless low-speed vehicles,
known as autonomous Pods, are
being developed to make travel
easier, particularly for blind and
visually impaired people

A

utonomous Pods have been on
public display recently, causing
quite a reaction. An all-British
consortium, for example, is in
the process of transforming Heathrow
Ultra-Pods into high-tech autonomous
vehicles. The Pods, designed to help plug
the gap for short low-speed journeys, are
described by the INSIGHT team behind the
project as a ‘last mile’ transport solution,
being ideally suited to moving people and
luggage between local railway stations,
hospitals and car parks.
Equipped with sophisticated 3D-imaging
systems and sensors, the Pods are
designed to enable them to navigate
through pedestrian areas, while ensuring
the safety of passengers, pedestrians,
road users and other vehicles. Inclusivity
is a key feature of the INSIGHT Pod,
which includes several innovative features
specifically designed to support the visually
impaired use the Pod.
Unlike the Heathrow Ultra Pods
currently in use at Heathrow Airport,
the INSIGHT Pod will not need to run on
guides or tracks and will instead use
sensory data to move safely around
its environment. Advanced indoor and
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outdoor positioning systems will allow
blind users to know their exact locations
using a smartphone app and will link to a
cloud-based system, so nearby vehicles
can be virtually requested or ‘hailed’.

MODIFIED ULTRA-PODS
Westfield Sportscars will build and modify
existing Heathrow Ultra-pod vehicles
to incorporate the autonomous vehicle
control system, CAVStar, developed
by Insight partner Fusion Processing.
The system features radar, optical and
ultrasound sensors, along with a control
unit that provides real time dynamic
navigation. CAVStar outputs control data
to the vehicle level controller that drives
the steering, braking and propulsion
systems of the vehicle to enable safe
autonomous operation.
Other unique features include
implementation of the world’s first
4D tactile display, developed by the
Conigital Group to provide blind users
with continuous sensory feedback of their
entire journey. The pod will also take
advantage of the IoT (Internet of Things),
gathering vital environmental data such
as temperature, humidity and emissions

to give a real-time heat map of pollution
levels in the city centre.
Dr Umar Daraz, director for the Institute
of Sustainable Futures at Birmingham City
University, comments that giving blind and
visually impaired groups the chance to
provide their feedback on the Pods will be
key to fine-tuning the vehicles and making
sure they meet the needs of users who
may have difficulty travelling independently
in busy city environments. “This project
is a great example of bringing a range of
public and private partners together to
test what can be done in the fast-moving
world of autonomous vehicles,” he says.
Academics and researchers at
Birmingham City University are now
working closely alongside the public,
industry experts and Birmingham City
Council to compile detailed safety cases
for the use of the pods and run trials in
increasing complexity, which will then lead
on to a further trial with members of the
public, including blind or visually impaired
people, in pedestrianised areas.
The INSIGHT project has been awarded
£2.2 million in funding towards the project
from the government’s Intelligent Mobility
Fund - a significant and timely contribution.
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THE AGE OF DIGITALISATION

The unlimited
possibilities of

DIGITAL TWINS
To match consumer demand, Maserati has fused cutting-edge digitalisation methods with Italian
passion. Tom Austin-Morgan ﬁnds out how a century-old manufacturer stays innovative

C

ustomers expect quality,
diversity and individuality,
especially from a luxury
sports car manufacturer
with as long a tradition as Maserati.
Soulless mass production without any
variants would harm the brand. To meet
these market demands and achieve a
shorter time to market without sacrificing
quality, Maserati has gone digital, using
holistic manufacturing solutions from
Siemens. The company supports Maserati
along the product development and
production process, from product design
to production planning, engineering,
production execution and services.
Achieving efficient, flexible,
customised, cost-effective, high-quality
production are challenges that all
manufacturers of luxury cars face. On
top of that, they need to introduce new
models to the market at shorter intervals
and control an
ever more
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complex network of suppliers, due to
increasingly lean production. These
challenges can only be overcome, if
manufacturers digitalise all functions
throughout all levels of their processes.
Siemens helped Maserati digitalise the
processes in its ‘Giovanni Agnelli Plant’
(AGAP), near Turin, which produces the
Ghibli executive saloon and the larger
Quattroporte sports sedan: from the
development of vehicle components with
Siemens’ NX software, to the efficient
automation of the production plant with
the TIA Portal engineering framework; from
the simulation of production processes,
thanks to Tecnomatix software, which
can highlight possible cost savings to the
planning, optimisation and simulation of
complex processes during the production
phase with the MES software Simatic IT.
With Siemens’ product lifecycle
management (PLM) software, Maserati
created a ‘digital twin’ of the Ghibli that
was 100% true to the original, down to
the last screw. This twin played a key
role throughout the development of the
car. During this stage, the data of both
the real and the virtual models was used
simultaneously to optimise processes.
As a result, costs were reduced and
development time was slashed by 30%.
Wind tunnel tests are elaborate
and expensive, but are an essential
physical process used to optimise the
aerodynamics of car bodies. Employing
the digital twin, measured data from

only a few real-life wind tunnel tests can
be used to inform quick and inexpensive
virtual testing, reducing cost and possibly
leading to further developments.
Andrew Cowey, head of digitalisation at
Siemens, says: “You can put it [the digital
twin] into a virtual wind tunnel and model
the aerodynamics, model the performance
and change it.”
By constantly making small
adjustments to the digital twin, developers
can find new ways to further optimise the
performance and components of a car.
As Cowey adds: “Not only can you
model the design and see what it looks
like, but you can also model things like
how is the door going to sound, what is
the exhaust going to sound like, what
does rain sound like when it hits the roof,
what is the customer experience in the
passenger seat.”
To optimise the sound inside the car,
developers placed a dummy equipped with
microphones into the prototype, recorded
the sounds and used this data for further
virtual tests.
The digital twin can also drastically
reduce the need for, and costs associated
with, test drives. Prototypes and existing
production vehicles can be modelled and
sent onto a virtual street or test track
to collect data. These digital test drives
can be repeated as often as needed
under modified conditions and the cars
optimised virtually, minimising the number
of expensive physical prototypes.
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“You’ve got to keep
pace with technology...
Millenials, kids,
teenagers, younger
graduates and
apprentices, they love
this; they get it”
“There are 70,000 iterations
of the Ghibli, but we can’t have lots of
production lines,” Cowey explains. “We’ve
got to send different models down the
same production line, but we also need
the ability to customise within those
production lines as well, so that we can
make sure we can build a customised
design for every customer, because that is
the way the industry is going.
“This is no longer Henry Ford’s ‘you can
have any colour as long as it’s black’. You
can have exactly what you want.”
To this end, Maserati and Siemens
have also developed the Industry 4.0
capabilities at the AGAP facility. They have
changed the way the production robots
work and optimised their positioning
on the production line, so they and the
human staff are not making unnecessary
movements. Being able to digitally design
the facility also helped, because the
repositioning of machinery took much less
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time, reducing downtime and afterwards
increased throughput of the Ghibli
alone by three times.
“The challenge was to integrate
two new assembly lines into an
existing facility,” says Fiat Chrysler
Automobiles’ manufacturing
engineering and general assembly
project manager Massimo Anfosso,
who supervised the installation of the
new production lines.
To get to market as quickly as possible,
the production experts had to start working
on the new lines while the new Maserati
models were still in the design phase.
Maserati made use of Siemens’ digital
manufacturing solution – the Tecnomatix
portfolio – for this parallel development of
car and production facilities. “Our design
engineers rapidly went through different
modification scenarios of the new models
over and over again. Accordingly, we had
to continuously adjust the production
facilities,” explains Anfosso. “The
Tecnomatix tools helped us analyse how
the changes to the car design affected
production, in order to adapt the facilities
and production processes appropriately.”
The suppliers in the supply chain are
also connected to the data stream.

Before production starts, they receive
exact information about which parts are
required for the assembly of each car to
make sure they arrive at the production line
‘just in time’. That way, Maserati is able to
produce its Ghibli model in high quantities,
with great diversity, and with unsurpassed
quality. Siemens’ integrated solutions for
manufacturing helped Maserati obtain a
reduced time to market for the cars: from
30 months down to sixteen.
What Maserati has done with Siemens’
end-to-end PLM solutions on the Ghibli at
AGAP shows how traditional manufacturers
can produce products in high volumes
that are customisable to each customer’s
wishes, while also retaining quality and
exclusivity.
According to Cowey, this trend will only
continue: “You’ve got to keep pace with
technology and it is moving so quick now,”
he points out. “Millennials, kids, teenagers,
younger graduates and apprentices, they love
this; they get it.
“I think most companies are well placed
to meet the demands of Industry 4.0, but
they have to start thinking ‘do I have a
digital strategy, what are we doing about
this, where are we starting from?’ It is a
continuum towards Industry 4.0.”
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Their entire 6-metre length bursts
through the surface of the water and
they soar into the air, looking like
killer whales. Meet the Seabreachers
– soon to be seen at a shore near you

Creatures from

I

t might appear at first glance that
you are about to have a very close
encounter with an extremely powerful
and gargantuan sea beast as it
bursts through the surface of the water
at around 40 miles an hour, soaring
spectacularly up into the air. But all is
not as it seems. In fact, the Seabreacher
represents a dramatic breakthrough in
recreational boating. More than 10 years
of meticulous engineering and extensive
testing have resulted in what is described
as “a very safe and stable watercraft that

22

can endure the continuous punishment of
the marine environment”.
These are one-offs, with each
Seabreacher a unique creation where
customers can select from ‘Shark’, ‘Killer
Whale’ or ‘Dolphin’, all of which can be
customised to various individual shapes.
In other words, these are serious sea
dwellers. When you get to see one of
these for the first time, the organic lines
of the vessel’s sculpted body present
a striking sight – something akin to the
twisted union of a marine mammal and a
high-performance fighter jet. Form inside,
the adrenaline rush is even more intense,
as the acrylic canopy and underwater view
ports give pilot and passenger a near
360-degree view as they fly through the
water at breath-taking speed.
Unlike conventional watercraft that
only operate on a two-dimensional plane,
the Seabreacher operates more like
an aircraft with full three-axis of control
– pitch, roll and yaw. This allows the
vessel to carve left and right, jump over,

dive under and cut though the waves.
The latest model is even capable of
360-degree barrel rolls on the water.

HANDY CONTROLS
The hand sticks move forward and
backwards, and are connected to the front
wing on the corresponding side. If you
push them both forward, they move both
wings down and it sucks the centre of the
craft under water. If you pull them both
back, the boat will get up on the plane.
If you push one forward and pull one
back, it will roll the boat to the side – and
operating these vice versa, that rolls it to
the other side.
The pedals move left and right (which
turns the jet nozzle left and right) and
turns the boat left and right on a level
axis. The pedals also move up and down,
which moves the jet nozzle and rear
elevators up and down. Pushing your toes
forward points the jet nozzle downwards,
forcing the nose to point down (taking the
boat into a dive). Pulling your toes back
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WATER BORN

Seabreachers burst through the
surface of the water at around
40 miles per hour

the deep
points the jet nozzle up, which brings the
nose up (for coming out of a dive).
The main wings have to be held down
during a dive and work like airplane wings
in reverse, offsetting the buoyancy of the
craft and holding it underwater. Different
variations of the controls at various times
result in the varied manoeuvres the boat
can perform.
The Seabreacher is only meant to
dive just beneath the surface for brief
durations, typically around 6ft under the
water. Most novice riders stay under for
about 5-10 seconds at a time and almost
always have a portion of their snorkels
above the waterline. More experienced
drivers, however, can stay underwater for
up to a minute before launching through
the surface. You also need to consider the
snorkel/dorsal fin, which is your air intake
for the engine. Diving below snorkel depth
will only cause the engine to stall and
then the boat will always pop back to the
surface. Unlike typical submersibles, the
Seabreacher is always clearly visible when
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performing dives – similar to certain jet
skis operators who are able to force the
ski underwater.

SUPERCHARGER
Seabreacher is powered by a Rotax
three cylinder, 1500cc, four-stroke
engine. Its intercooled supercharger
helps the engine to 260hp (or 300hp)
and it’s the same engine used in many
PWCs, meaning parts supply are not
an issue. The engine includes an ECU
(engine control unit) to manage power
and fuel consumption precisely, and
also includes an integrated oil tank, as
well as a patented oil separator that
prevents oil from flooding the engine,
if the Seabreacher should roll over.
A closed cooling system allows it to
be operated in fresh or salt water.
The Seabreacher uses an axial
flow jet pump to take water through a
low-pressure inlet, uses an impeller to
compress the water, then pushes it out
through a nozzle smaller than the inlet
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WATER BORNNARY

Adam Bukauskas,
managing director,
Predator Adventures,
the company behind the
Seabreacher in the UK

to create thrust. Top speed on the surface
is 60 mph and 40 mph when below the
surface.
A circular tube, even with a weight at
the bottom, would seem to be liable to
some roll instability, particularly if the
passengers move about. Is there any other
compensation?
“The hull is surprisingly stable when
you are moving about or even standing up
in the cockpit,” states Adam Bukauskas,
managing director, Predator Adventures,
the company behind the Seabreacher in
the UK. “The wings, which hang below the
centre of buoyancy, are quite heavy, which
adds to the stability. With the canopy open,
the pilot can actually stand on the outboard
edge of the cockpit without capsizing the
boat or bringing water in to the cockpit. The
Seabreacher is positively buoyant and has
been engineered to always self-right, even
when fully flooded.
“Imagine if you have a cylinder and
you add metal weight to the bottom of
the inside it and lightweight foam to the
top of the inside. Even if that cylinder fills
with water, the heavier part of the cylinder
will always rotate towards the bottom and
the lighter flotation part of the cylinder will
always float to the top. This is how the
Seabreacher works, too.
“Early model stand-up jet-skis used to
do the same thing, but, as they got bigger
and much wider, they could no longer
self-right and would stay inverted. Due to
the cylindrical shape of the Seabreacher,
it was relatively easy to make the vessel
self-right. The heavy wings and engine

THE ‘HOW’ AND THE ‘Y’
The killer whale-inspired Seabreacher Y model is one of the highest-performing submersible
watercraft yet to emerge from Innespace Productions in Redding, California. However, its latest
model, the Seabreacher Z, is the first Seabreacher capable of performing high-speed 360-degree
barrel rolls on the water. Available in three body styles – Dolphin, Shark or Killer Whale – it comes
with a 260hp or 300hp supercharged engine
The brainchild of New Zealand’s Rob Innes and the USA’s Dan Piazza, the Seabreacher series are
designed to bring “nature to the machine” and the results are indeed impressive. But where did it
all begin? Innespace Productions started out as a design and development company, specialising in
high-performance submersible watercraft.
Innes has 15 years’ experience in boat design and manufacturing, with a management degree
from Auckland University and composite engineering diploma from Unitech University, while
Piazza is a certified machinist, with 20-plus years’ hands-on experience in custom fabrication and
engineering. He has an extensive background working on performance vehicles, including race
boats, hot rods and off-road vehicles.
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weight are all located low in the vessel and
therefore gravity pulls them over to its right
side up.”

Seabreacher is packed with
a raft of safety features to
keep riders protected

SAFETY FEATURES
To provide a reasonable level of safety,
the Seabreacher is fitted with a collapsible
nose, in case of a frontal impact, and the
side wings are designed for a breakaway.
If the Seabreacher becomes fully flooded,
it will still float. There’s an on-board fire
extinguisher, three automatic bilge pumps
and a carbon monoxide detector.
What about external lights for use
in murky conditions? “We do not use
any external lighting while diving,” he
responds. “We are typically moving too
fast for you to see upcoming obstacles
anyway. Instead, we use a snorkelmounted live streaming video periscope to
avoid collisions while diving. The system
works very well. We also have depth
sounder alarms for shallow water.”
For the nervous of disposition – or,
more accurately, the downright realist –
we also asked Bukauskas if there was
an escape hatch, were the Predator to
get stuck under an overhang, due to its
buoyancy? There isn’t an escape hatch,
he confirms, just one way in and one way
out. “But we do have removable pull pins
that disable the canopy latches in an
emergency. The canopy latch mechanism
is engineered to be very safe and reliable,
and is accessible from inside and outside
the boat.”
It also seemed sensible to pose the
question: do they leak? “The cockpit and
engine bay are kept 100% watertight with
the aid of inflatable aircraft seals,” he
points out. “If the pilot forgets to inflate
the seals, there can be minor leaks, but
any water in the boat is automatically
pumped out via the automatic bilge
pumps.”
So, suitably reassured on the safety
aspects and keen to trial one of the
Predators in the not too distant future, we
wanted to know what is its range. “About
four hours’ running time, at a cruising
speed of about 35mph,” says Bukauskas.
“We use a 14-gallon tank. Maximum
speed is 60mph, but that would burn up
a full tank in one to two hours.” And what
if the worst happened and the fuel tank
emptied out? “Our pilots carry VHF radios
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Buckling up for a high-octane ride
above and beneath the waters
with them at all times while on board for
any emergencies.”

ALL ABOARD?
So, if you were fortunate to ride a Predator,
what would it be like? Well, all of that
power harnessed within means, during
these high-speed dives, you can then
use that to launch the entire 18 feet (six
metre) length of the craft out of the water.
The new fully vectored thrust system that
has been incorporated into the latest
version of these watercraft mimics the tail
articulation of real aquatic animals, similar
to the killer whale.
So, if like this editor you can’t wait to
get your hands on one of these to give
it a go, here comes your chance. The
Seabreacher Killer Whale model will be

available to try out for the first time in UK
at Royal Docks in Central London from 1
February 2018. But be prepared to join the
queue!
For those with more long-term
ambitions and who want one for
themselves, all models are approved
for recreational use and sale, and can
be registered as a conventional inboard
powerboat. And the cost? This is different
for each model and is primarily dependent
on the available options chosen, as this
adds to the base price. On average,
though, a typical Seabreacher will range
from US$80,000-US$100,000. The price
may vary for countries outside the US,
due to shipping costs (including duties
and tax). For more information, go to:
www.predatoradventures.com.

25

WHATÕS HAPPENING
Honorary awards for champions of UK engineering
Innovative engineers are vital to the UK’s future prosperity, said Chief
Executive Officer of the Royal Academy of Engineering, Rear Admiral
Philip Greenish, when he received his honorary award from the
University of Huddersfield for services to engineering
Greenish, a former Royal Navy officer who has been RAE CEO since
2003, saluted the role played by the University of Huddersfield
in many areas of technical advance. “In these challenging times,
it is engineers that are leading the way in addressing so many of
society’s needs, including the needs of the economy. The UK’s future
success would depend on engineering innovation,
honorary
Greenish receives his
Rear Admiral Philip
rsity of Huddersfield
award from the Unive

DESIGN AND INNOVATION
Also honoured was Sir David McMurtry, who has long-standing links
with the University of Huddersfield. An engineer, inventor and founder
of the multi-national company Renishaw, he received his Honorary
Doctorate for services to design and innovation.
After receiving his award, McMurtry paid tribute to the quality of
the academic staff and students, and stated: “This university has
played a great part in the development of the science of measurement
in this country. Not many universities have taken on this challenge.”
McMurtry is a visiting professor at
Huddersfield and Renishaw is a key industrial
partner in the university’s EPSRC Centre
for Innovative Manufacturing in Advanced
Metrology – and now he has the same role
with its successor, the EPSRC-funded Future
Metrology Hub, a £40 million research centre.
The award oration was delivered by
the University’s Professor Liam Blunt, who
described a career that began in 1958 at
Bristol Aero Engines – now part of RollsRoyce. Sir David had a talent for
engineering design
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researcher and entrepreneurship.” The Academy
has grown significantly under his leadership, with a vision to put
engineering at the heart of society. The Academy’s elected Fellowship
of outstanding engineers provides leadership across all fields of
engineering. With the UK facing a difficult future, its role, and the
role of engineering, has never been more important, it stressed.
The Honorary Doctorate was bestowed by University of
Huddersfield Vice-Chancellor Professor Bob Cryan – himself a Fellow
of the Royal Academy of Engineering. The oration at the ceremony
describing the career of Rear Admiral Greenish told how, as an
engineering graduate, he served with the Navy for almost 30 years,
beginning as a weapons engineer in destroyers and frigates, with his
career culminating in promotion to Rear Admiral with responsibility for
engineering, personnel and front-line logistics support for the Royal
Navy and Royal Marines.“Philip is passionate about engineering,”
said Cryan. “He is positive about the progress that has been made
in the understanding and appreciation of engineers and engineering
by government, but is determined to increase the recognition of
engineering in UK society more generally.”
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and made a major
breakthrough when he invented the
“touch trigger probe” that solved a problem with the
measurement of fuel pipes in the supersonic Concorde aircraft. The
invention was a “roaring success”, said Blunt, and would lead to the
creation of Renishaw, now a major multi-national with a turnover of
more than £500 million.
The long-term collaboration between Renishaw and the university
had led to research projects in the areas of machine tool accuracy,
laser metrology systems and optical probes and gauging instruments.
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WHATÕS HAPPENING
(Photography by seanconboy.com)

Marvel arch!

The Arches of Oman, a ground-breaking 12-metre high water and steel
sculpture by inspirational artist Giles Rayner, and developed by the
UK’s leading engineers, has been unveiled at the Royal Opera House
in Muscat, Oman.
At its location, next to The Royal Opera House, the country’s premier
venue for musical arts and culture, the new sculpture offers views from
all surrounding approaches. Its stunning design includes purpose built
gardens and pool, 70 water jets, a subterranean plant room and 2km
of hydraulic hoses. The sculpture’s jets provide four distinct patterns
of water that project out of the piece and into the pool below. The
sculpture is formed from Duplex, a stainless steel that is specified for
extreme environments.
In its design engineering role, Generative Parametrics, based in
Melksham, Wiltshire, played a key part in the project. The double
curvature of the sculpture required its highly specialist 3D modelling
and design engineering skills. The company took Giles Rayner’s concept
and developed it for fabrication, designing all components from the flat

and curved surfaces, the nozzle housing and all other elements within
the sculpture.
Generative Parametrics’ modelling methodology was also used
throughout the development and construction of Arches, while its
parametric modelling techniques were central to the complex interrelationship of the 69 water jets and brackets, access hatches and
internal hose housing.
Giles Rayner summed up the teamwork and British engineering
ingenuity involved. “I am intensely proud of what we can achieve in
the UK with both our industrial heritage and our thinking out of the
box. I want us to keep our ability to create unique, bespoke creations,
not just in the art world. Our versatility and imagination as a nation is
significant; we must not squander it. I fear that this important aspect is
not nurtured enough.
“Arches could be recognised as a very good example of how we can
exercise sensitive, and yet bold, design and thinking in other parts of
the world,” he added.

Cross-team collaboration is a winner
The Crossrail Custom House station in East London will be unique –
and the design and build will bring some individual challenges. The
project must be completed without causing major disruption to the
existing Docklands Light Railway’s (DLR), Custom House station and
the adjoining Excel Centre, London conference venue that hosts up
to 50,000 visitors per day. A joint team from Atkins, Arup, Allies &
Morrison, Crossrail and Laing O’Rourke have collaborated to develop
the striking design for the station. This had to work around a number of
constraints, including a very narrow site; existing utilities; the existing
DLR remaining fully operational throughout construction; a busy
footpath and congested Victoria Dock Road and a public right of way.
According to Atkins’ programme delivery director Simon Layzell: “The
new station will act as a catalyst for regeneration in the area, but it is
an incredibly complicated site and we needed an elegant and efficient
design and engineering solution to meet the project requirements. By
maximising the use of offsite fabrication techniques, we will be able to
guarantee quality before assembly begins and also significantly reduce
the time needed to complete the build. Also, minimising the amount of
material coming to site will make it a far more carbon-critical design.”
Ed Newman-Sanders, technical director at Atkins, spoke at the
recent Explore Offsite Infrastructure conference and exhibition, NEC,
Birmingham, on ‘Crossrail Custom House Station: A Kit-of-Parts’.
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Once opened, the station will welcome
regional and international visitors to the
ExCel and create what will be an
Ed Newman-Sanders,
important transport interchange for the
technical director, Atkins,
Elizabeth line, DLR and local buses.
at the recent Explore Offsite
It will also provide a focus for the
Infrastructure conference and
regeneration of the local area,
exhibition.
the London Borough of Newham.
Duncan Wilkinson, Arup framework director, commented: “This will
be a challenging station, but, with the offsite pre-fabrication proposals,
it should set a benchmark in both cost and quality for other Crossrail
overground station works.” Offsite manufacture requires fewer deliveries
and vehicle movements around the site, reducing traffic, noise and
effects on air quality. By shifting construction activity from site to the
factory, working conditions are improved and health and safety risks
reduced. The more controlled conditions of the factory also ensure
more consistent and higher-quality production.
The development of a pre-cast concrete solution brings other
benefits to the construction phase, allowing swifter installation by
gantry crane of repetitious units, a benefit made more acute by the
proximity of live overhead power cables and the restriction this has
imposed on the construction sequence.
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WHAT’S HAPPENING
Next AmericaÕs Cup challenge laid down
The concept drawings for the new 75-foot monohull that will contest
the 36th America’s Cup in 2021 have been announced by the
Defender, Emirates Team New Zealand.
Sticking with high-performance innovation expected of the
America’s Cup, the new class will be a foiling monohull on two large
canting T-foils and a single T-foil rudder lifting the boat into the air.
Team principal and skipper of Land Rover BAR, Ben Ainslie,
welcomed the early announcement. “The Defender, Emirates Team
New Zealand and the Challenger of Record, Luna Rossa, have
delivered a truly high-performance boat that will make the next
America’s Cup an incredible sporting and technical challenge.
“We look forward to the opportunity to consult with the Defender
and Challenger of Record ahead of the final class rule being
announced at the end of March. We can’t wait to start tackling the
design and engineering challenges in this new class.
“What we do know is that we’re going to be foiling again and that,
in the right conditions, this boat will be as quick as, or quicker than,

the ACC foiling catamarans
raced in the last cup.”
Land Rover BAR’s new CEO, Grant
Simmer, was in Portsmouth for the
announcement and commented: “This
new class is a real challenge for our design
and sailing team. It’s also a great opportunity. A new class of boat
means a blank sheet of paper and, while we can use much of what
was learned in AC35 about systems, foils and the associated design
and engineering, there’s also a great opportunity to take a jump
ahead, if we get the conceptual approach right from the start. This is
a very exciting time for the team.”
Meanwhile, Land Rover BAR is working with ELG Carbon Fibre Ltd
(ELG) to ensure that the carbon fibre process waste and end-of-use
components from their America’s Cup test and race boats are recycled
as far as possible, to promote the most economic and environmentally
efficient use of this valuable material.
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MATERIALS TESTING

ELIMINATING
DEFECTS WITH

X-RAYS
How do you improve additive manufacturing processes with
a ﬂash of light 10 billion times brighter than the sun?
Tom Austin-Morgan ﬁnds out how Rolls-Royce uses this
technique to improve its aerospace engine blades

A

dditive manufacturing
has transformed the way
components are made, allowing
for the design of organic
geometries and internal features that
would be impossible to produce with
traditional casting or milling techniques.
However, no matter how detailed the CAD
model, or how fine the layers of material
used in these processes, they may still
contain minute defects that can create
weaknesses in the final product.
The aerospace industry has been a
big adopter of additive manufacturing,
and is on a continual mission to make
components lighter without compromising
on strength. Even aircraft engine
blades are constructed via additive
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manufacturing. Rolls-Royce’s engine
blades are produced by a technique that
is called laser metal deposition, where
metal powder is blown coaxially into a
laser beam, which melts the particles on
a base metal to form a metallurgical bond
when cooled.
The blades are made from titanium and
nickel super alloys and are arranged in
groups called ‘blisks’ (bladed discs) rather
than individually as they weigh less when
arranged in this fashion.
When a blade is damaged, due to the
intense heat and pressures under which
they operate, the blisk is removed, the
damaged part is milled off and replaced
via laser metal deposition. In an attempt
to remove as many defects as possible,

Rolls-Royce is working with AMAZE, a
collaboration of 26 European institutions
from academia, research and industry, at
the Diamond Light Source synchrotron in
Harwell, Oxfordshire. The science behind
the synchrotron is incredibly complex,
but the basic principle is outlined by
Professor Andrew Harrison, CEO, Diamond
Light Source. “What we have is a storage
ring which circulates electrons close to
the speed of light. As it goes round the
ring the current of electrons gives off a
brilliant flash of light in the x-ray part of
the spectrum – we use that light to feed
instruments that we think of as very high
powered microscopes.”
This allows the scientists to study the
structure of materials at the atomic scale.
In a lab, x-ray technology allows for around
100 frames to be captured per second,
the synchrotron beam allows for 10,000
fps. In this case, it means that the teams
rom AMAZE and Rolls-Royce can study
how uniformly their materials form as
they are being deposited by the laser,
layer by layer.
Alex Leung, aerospace materials
engineer from the University of
Manchester, one of the research partners
on the AMAZE project, says: “You can
see molten pools forming and also
defects developing during the melt track
evolution. We also see lots of powders
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Prof Peter Lee (middle of group) and his team (including Alex Leung,
bottom row, centre) in the beamline at Diamond Light Source
that are blowing off – ejecting away from
– the powder bed. Some of them may be
melt droplets which could add to surface
roughness on the additive manufacturing
component.”
This roughness caused by these
rogue powder particles could affect the
performance of a turbine blade. The
cumulative effect of this throughout
a whole engine turbine, or even every
turbine produced by this method, adds up
to a waste of material as well as reduced
efficiency which affects fuel consumption
and thus running costs.
“You want to make something that is
perfectly smooth. You want to get all of
the powder into there,” Leung continues.
“Looking at just a single layer may not be
representative. What we have done is add
more powders onto the layer above and
then repeat the process which is exactly
what happens in the real-life process.”
The scientists are trying to correlate
the masses of data produced by their
experiments – the group creates around
500 terabytes per year – to find areas in
the process that can be easily measured
in commercial industrial additive
manufacturing where fluctuations on the
surface can be easily observed.
Peter Lee, Professor of Materials
Imaging at the University of Manchester
and leader of the AMAZE project, explains:

30

“The controllable point [of laser metal
deposition is] just above the surface,
where the laser hits the powder. No one
actually knows what happens from then
on. We are not really sure whether
the laser is melting it on the
surface or melting the
powder in the air. You
get powder blowing
off the side, you get

FAST FACTS
■

■

■

■
■
■

Circumference of the
synchrotron: 561.6m – twice as long
as The Shard is tall
Speed of the electrons: 3 Gev
(gigaelectronvolts) – at this speed,
they could travel round the world
7.5 times per second
Brightness of light generated by
these electrons: 10 billion times brighter
than the sun
Number of beamlines: 23, with the
potential for 40
Number of staff: 500, with more than
3,000 visiting scientists per year
How it is funded: 86% by the UK
government through the Science
and Technology Facilities Council and
14% by the Wellcome Trust charity.

oscillations in the surface
and we are not sure why.
We are hoping to make it
so for the first time you can
see what is happening inside
that nozzle.
“Manufacturers know they will
see various fluctuations, but they don’t
know what causes them. The goal of this
is to say what causes them and then use
other lower cost, faster techniques to
make better components.”
The final aim would be closed loop
control using machine learning to create
the most uniform deposition possible,
which Prof Lee says will be part of the
project in the longer term.
After a year and a half working on this
project, the team are close to publishing
their results. After publication, Rolls-Royce
will be able to implement what it has
learned into its additive manufacturing
processes. As it has the potential to
increase engine performance, reduce
CO2 emissions and noise on take-off and
landing, and most importantly save money
by reducing the number of damaged
components, as well as making
additive manufacturing faster
and more efficient.
As for Prof Lee and his
team, they are continuing to
research areas as disparate
as shock mechanics in
3D printed medical implants,
whether the smoothness of
ice cream makes it taste better
and even replicating a volcano to
study magma flow as well as pushing the
synchrotron’s resolution from 10,000fps
to 100,000fps.

Rolls-Royce’s Trent XWB engine is said to be
the world’s most efficient large aero-engine
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Who are we?
This journal is produced by the IED for our Members and for those who
have an interest in engineering and product design, as well as CAD users.

The IED, established in 1945, incorporated by Royal Charter in 2012,
is a licensed body of both the Engineering Council and Society for the
Environment and we register our suitably qualified Members as Chartered
Environmentalists (CEnv), Chartered Engineers (CEng), Incorporated
Engineers (IEng) or Engineering Technicians (EngTech), Chartered
Technological Product Designers (CTPD) and Registered Product Designers
(RProdDes). We also offer professional recognition to Product Designers,
CAD Technicians, and those who teach and lecture in design or CAD.
We represent our Members’ interests at the highest levels and raise
awareness of the professional standards of our Members, whilst providing a
resource and information service, and a friendly and approachable route to
assessment and registration.
www.ied.org.uk

“For any design engineer
hoping to pursue a career in
industry, membership and
registration shows commitment

Why become a member of the IED?

to continuing professional

Membership of any professional body gives you professional recognition
and status, and an acknowledged code of conduct to work to. Membership
of the IED gives you the added credibility of being acknowledged for the
role you play in Design and Innovation, and helps to develop your skills and
knowledge in these areas.
As well as the various registrations, membership of the IED gives you the
opportunity to meet with other designers and discuss issues particular
to your field of expertise or interest. Many of our Members prefer to
communicate primarily through the discussion forums on our website,
as this lends itself to the busy work schedules – however, we also run
seminars, meetings and events where Members can carry out CPD and
meet up.
The IED is the only Institution that represents designers in all
Engineering and Product Design fields, plus those who teach these skills.

development and promoting
good practice in those with
whom we interact on a daily
basis. The IED provides a
natural home for those whose
roles encompass a diverse
range of skills.”
BH, Chartered Engineer

How do you join?
We have made the application process as simple as we can. To maintain
the high standards of membership, we need all prospective members to:
Complete an application form
Submit a CV and details of relevant educational qualifications. All applicants
are assessed by a Committee of Members.

If you are a designer who would like to gain formal professional recognition, or work in an
organisation which employs designers, and would like to have your employees gain membership
and professional recognition, contact Kim at the IED on 01373 822801 or send an email to:
kim@ied.org.uk to discuss your next step.

Engineers
Without
Borders
Engineers Without Borders-UK
is an international development
organisation that removes
barriers to development
through engineering. Our
programmes provide
opportunities for young people
to learn about technology's role
in tackling poverty.
We are always on the look out
for new volunteers, so to get
involved or make a donation
please visit out donations page
at http://www.ewb-uk.org

