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o, you have probably been made aware through various media
campaigns that 2018 marks 100 years of women’s suffrage - or,
put another way, 100 years since the 1918 Act of Parliament that
gave some women the right to vote.
I noted, for example, that the National Trust, of which I am a member,
devoted much of the Spring edition of its magazine to women associated with
both the suffrage movement and the NT’s places. Not many designers or
engineers made it onto the list, I see! Well, what would you expect from those
associated with NT places? I hear you ask.
Then I noticed that Design Week recently featured an article on ‘The most
influential female designers of the last century’1 again driven by recognition of 100 years of women’s
suffrage. Graphics, furniture, textiles, architecture all
feature and there were some famous names, such as
Ray Eames, Zaha Hadid, Lucienne Day, Eileen Gray, to
name a few - but no product designers. The closest
was industrial designer Hella Jongerius.
hundred years is clearly not long enough in
I then turned to the Women’s Engineering Society
design and engineering!
(WES), established in 1919, only one year after the
1918 Act. WES which runs the 50 most influential
women in engineering campaign, picks the following
as being ‘familiar senior engineers’2 from its 2016
list: Dame Ann Dowling OM DBE, President of the Royal Academy of
Engineering; Naomi Climer, President of the Institution of Engineering and
Technology; and Dame Judith Hackitt DBE, former Chair of the Health and
Safety Executive and now Chair of EEF, the Manufacturers’ Organisation.
Appropriately, given the current focus on women’s suffrage, Chi Onwurah
MP – the only female engineer in the House of Commons – is on the list. I
also noticed two of our own Honorary Fellows making the 50 list: Dame Ann
Dowling and Amanda Chessell CBE FREng. However, I ask myself, would any of
these be names familiar to the general public?
So, as the only professional body to be able to award a Chartership
specifically for product designers, it is time we celebrated suffrage and
produced our own ‘Most influential’ list for product design, and to call upon
the membership to devise our top 5 or 10 most influential women in that
category. It would be great if some of those named were as well known as,
say, Philippe Starke, Dieter Rams, Ross Lovegrove, Ken Grange, Jonathan Ive,
or our own Honorary Fellows James Dyson and Ian Callum.

Female suffrage
in the spotlight
One

1 https://www.designweek.co.uk/issues/5-11-february-2018/the-most-influential-female-designers
-of-the-last-century/
2 http://www.wes.org.uk/we50
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ASIDES

Daft as a Brush
Brushes – we all use them every day, but don’t think about them much. Here,
Colin Ledsome CEng FIED helps us brush up with some intriguing insights

W

ends alternately catching on the surface
then springing forward. This seems to
give an additional push to particles as
they are swept up, which helps stop them
being caught up between the bristles
and clogging the brush. Bristles can be
made from natural or synthetic materials.
Natural bristles are often tapered, varying
in stiffness over their length, making them
softer at the ends. Synthetic materials
are usually cylindrical, with a constant
stiffness along their length. They can have
different lengths and thicknesses, and
can be bundled in a range of densities.
This allows brushes to be designed for a
multitude of speciﬁc purposes, but we still
take them for granted.
We can ﬁll spaces between the
bristles with liquid when we apply paint
or adhesive to a surface, using our skill
to produce an even distribution. This
requires a softer brush, which can be
manipulated to follow the shape and
texture of the surface. A stiffer brush,
with appropriate material, can produce
textures, including stippling, swirls and
patterns in the resulting surface. With
a set of smaller brushes, an artist can
produce the paintings which adorn
our art galleries and domestic walls. In
China and Japan, ﬁne brushes are used
for painting, writing and producing
hieroglyphics, which don’t look the

same drawn with a pen. A shaving brush
applies a special soap to a chin to soften
hair for cutting.
Carefully designed brushes can
penetrate crevices to both remove
unwanted material and apply liquids, as
brushing teeth or cleaning a car. They
can be scrubbing brushes or used to aid
washing-up.
This requires
a careful
balance
between the
stiffness and
ﬂexibility of the bristles. Brushes may
also be used to give a contact between
a stationary and a moving surface, as
in electric motors or in the brush seals
resisting the drafts under your doors.
There is an odd property of some
brushes. If you take a hand-brush with
fairly stiff bristles ending in a ﬂat plane,
such as a clothes brush or hairbrush,
you can slide it, bristles down, across a
ﬂat surface such as a table-top. It may
stop quite quickly or travel much farther
than you expect. This seems to be an
effect of the way the bristles move. They
may absorb energy as they bend or add
impetus when they spring back. I have
never seen this effect referred to in a
technical paper. Sounds like a research
project for someone.

Images: AdobeStock

hat is a brush? A dictionary
deﬁnition includes: “A
collection of ﬁbres or
bristles held in a handle
or other device.” That’s a physical
description, but it doesn’t explain the
concept of a brush. Let’s consider a brush
as a piece of technology and explore what
we can use it for.
The simple act of brushing uses the
bristle collection to ‘sweep’ unwanted
materials from a surface. This may be dust
from a ﬂoor, cobwebs from the ceiling
or leaves from a paved area, but with
different types of brush for each purpose.
A stiff bristle brush is used for leaves, a
small brush with shorter soft bristles for
the ceiling and longer ﬂexible ﬁbres for
the ﬂoor. There are special brushes for
speciﬁc purposes. A bundle of ostrich
feathers, known as a feather duster, takes
on a small static charge, which makes it
exceptionally good at removing dust from
delicate surfaces. Use the wrong brush
and you could damage the softer surfaces
or fail to move many leaves. A brush may
be used manually or it can be part of an
appropriate machine, either stationary or
on a roller or belt.
Bristles are never exactly the same
length and surfaces are never completely
smooth. When brushing a surface, bristles
move individually, with their

www.ied.org.uk
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adly, the Napier name has
faded into history, along with
those of many once-famous
British engineering companies
and their products. However, there are
a few ‘gricers’ like me who will drive
miles to see a preserved Napier ‘Deltic’
locomotive, hauling a special excursion.
I am old enough to remember seeing
the prototype ‘Deltic’, resplendent in
its striking blue-and-white livery, when
it operated regularly on the West Coast
main line.
However, I digress: the book being
reviewed here is dedicated to a now
largely-forgotten predecessor to the
Napier ‘Deltic’ diesel engine. This
monograph provides a detailed historical
record of the ‘Lion’ engine from D Napier
& Son, of Acton. Understandably, it
has been eclipsed in the public esteem
by one now-iconic wartime engine from
Derby. Nevertheless, the ‘Lion’ achieved
prominence during the inter-war years,
initially as an aero engine, then on land
and on water.
Arguably, the engine belatedly
achieved the pinnacle of its career in
1947, when two ‘Racing Lion’ engines
powered John Cobb’s ‘Railton-Napier
Special’ (unfortunately renamed the
‘Railton-Mobil Special’) to a World Land
Speed Record of 394.196 miles per

6

Napier’s
glory days
The name Napier has virtually disappeared from the general
consciousness. G J Jeffery CEng FIMechE FIED reviews a book
that revisits its glorious past

Book Title: Napier Lions at Large 1916-2016
Author: Alan F Vessey CEng MIED
Publisher: Random House Business Books
Available from: The Napier Power Heritage Trust
Phone: 01462 670683
Reviewer: G J Jeffery CEng FIMechE FIED

hour. The car’s higher one-way average
speed through the measured mile at
Bonneville was 403.1 miles per hour,
faster than most (if not all) piston-engined
fighter aircraft in service at the outbreak
of the war, only eight years before. I am
reminded that, as a small boy in the
late 1940s, I had an aluminium-bodied
clockwork model of the car, of which I
was very proud.
The author was a Napier apprentice
in the early 1950s, before his National
Service in the RAF, following which
he rejoined the company in 1958. He
was appointed Lecturer in Engineering
Design at Aylesbury College in 1963,
also becoming a Chartered Engineer and
a member of this Institution during his
time there. Between 1988 and 1990, he
edited the ‘Model Engineer’ magazine. In
1993, together with former colleagues, he
founded the Napier Power Heritage Trust.
This book was published by the Trust in
2016 to commemorate the centenary of

the ‘Lion’ engine range. Realistically, I
have to acknowledge that the book will
be of interest to a limited readership, of
which I may be a prime example. As a
former gas turbine design engineer, with
an upbringing in the motor repair trade, I
initially approached the book with guarded
interest, but was soon engrossed. Being
a member of the Rolls-Royce Heritage
Trust, I am familiar with such monographs
and possess several similar works
describing Derby, Bristol and Coventry
engines. This book compares very
favourably with those in my little library.
Ideally, I would have wished for more
detail of the design of the engine and
of the problems that were encountered
during the design and development of the
various marks.
I would also have wished to have had
more and larger cross-section drawings
and other illustrations to pore over.
Being realistic, however, I suspect that
such wishes are precluded, on the one
hand, by publishing costs for a small
organisation and, on the other, by the
unfortunate fact that those with first-hand
experience are long gone.
Footnote: the name continues with the
company Napier Turbochargers. This is
now American-owned, with a production
facility in Lincoln.

www.ied.org.uk

MEDICAL SNIP

‘Imperial Render’
A new medical tool promises to make operations less invasive and reduce recovery time

I

ndustrial design innovator Smallfry
has recently partnered with a
team led by Dr Mikael Sodergern
of Imperial College London to
conceptualise a new medical tool
that will help to make operations less
invasive and so drastically reduce
recovery time.
During micro-surgery, metal, staplelike ‘ligation clips’ are often used to
hold tissue together, in order to prevent
bleeding and allow the healing process
to begin. In certain situations, longer
incisions may have to be made, which
puts pressure on these clips, so they
have to be applied at more regular
intervals to successfully hold the tissue
together.
Sodergern’s team considered this
and identified the opportunity for a clip
with a wider jaw that would allow fewer
clips to be used, making the surgery less
invasive, with a faster recovery time.
Their expertise and knowledge, combined
with Smallfry’s reputation for innovation

www.ied.org.uk

and design in the medical field, resulted
in this new surgical clip applicator.
According to managing director of
Smallfry, Steve May-Russell, the work
is a perfect example of the kind of
collaboration that is necessary between
universities and manufacturing experts
to bring new product development
projects like this to life. He says of
the project: “Universities are incredibly
inventive and creative spaces. All
that’s needed to take these ideas
and make them investment-ready is a
sound understanding of the market and
manufacturing industry.
“That’s where Smallfry comes in,
and we hope to partner with even more
universities in the future to help nurture
these potentially life-changing ideas to
fruition,” he adds.
One of the things that really sets
this clip apart from existing clips is
its ability to rotate with the abdomen,
allowing for a more precise and secure
application. This improved clip retention

means that, even under duress, the
clip will remain parallel and in place,
lending reassurance to both doctor and
patient during and after the procedure.
Designed for use across the globe, it will
be particularly effective in less developed
areas when it comes to combating the
risk of infection during surgery and postcare, allowing surgeons to work swiftly
with less risk of harm to the patient.
This new clip and applicator is a real
innovation in the medical world, and both
Smallfry and Imperial College London
are hopeful and confident that it will
drastically improve micro-surgery across
the board, leading to more successful
procedures with far less risk.
Significantly, in a recent talk at
the Nucleus Expo in Cardiff, Wales,
Professor Simon Gibson OBE of
Newbridge Networks said that only
3% of university research impacted the
economy. Might this partnership between
ICL and Smallfry be the beginning
of something special?
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It’s a kind of

Magic
The British Engineering Excellence Awards celebrate so
much that is being achieved at the highest levels - from
Grand Prix winner Plessey right across the spectrum.
Graham Pitcher reports on who won what at the
annual awards and why
BEEAs 2017
Grand Prix Winner
Plessey Semiconductors
Few would disagree that innovative
technology can make a significant
difference. While that difference can affect
individuals, it can also have a global effect
– and innovation in lighting technology
falls into the latter category.
While most LED light manufacturers
use gallium nitride (GaN) technology for
the LED, it is generally mounted on a
sapphire substrate because it is cheaper
than using GaN on silicon carbide. But
GaN on sapphire has performance issues;
when scaled up to meet the needs of
floodlighting and similar applications, light
absorption increases and efficiency drops.
Sapphire also has low thermal
conductivity, with heatsinks increasing
product size and cost.
Looking to address these issues,
Plessey Semiconductor has developed
GaN on Si technology. According to the
company, GaN on Si LEDs not only emit
more lumens per unit area, but also
dissipate heat more quickly. The result is
smaller, more reliable LEDs.
There’s a good reason to select silicon
as a substrate; one is the economies
of scale available following decades of
process technology development. And

8

GaN on Si
devices are
said to be
easier to
make, with
fewer masks
and more
tolerance
to mask
misalignment. This
results in better yield.
While the arguments
appear sound,
manufacturing GaN
on Si wafers is not
without its challenges.
However, Plessey can
now make 6-inch GaN on
Si wafers, bringing a range
of performance and commercial
advantages.
It has deployed this technology in its
LUCIAN PLW7070 LED, in which a single
die GaN on Si LED produces 30% more
light than comparable devices at half the
cost.

What the judges said:
“It looks like Plessey has created the
right product for the right market at the
right time. In particular, the judges are
heartened to see innovation from a UK
semiconductor company.”

Consultancy
of the Year
Drive System
Design (DSD)
Sponsored by Rutland
Plastics
Car makers continue to look for
transmission systems for traditional
vehicles that save weight and feature
less noise, vibration and ‘harshness’
(eg, of the vehicle ride during abrupt
transitions in vehicle motion, such as
potholes!). That concern has expanded to
include electric and hybrid vehicles. This
has seen the appearance of a number
of specialised consultancies, including
Drive System Design (DSD). Celebrating
its tenth anniversary, DSD focuses on the

www.ied.org.uk

BEEAS

Small Company of the Year
Diamond Hard Surfaces
Sponsored by LG Motion

engineering of transmission and
electrified powertrains.
With specialised expertise
in the design and integration
of electric drive units for main
traction, as well as bespoke
actuator applications, DSD’s
current focuses include efficient
transmission design optimisation,
eMachine design and control,
and electric vehicle/hybrid
architecture specification.
Recently, a DSD project team
took a design from a simulation
model to prototype installation
within six months. It has also
created a communications
interface between EV control systems
in a bus electrification project.

www.ied.org.uk

Surface treatments are valuable ways to
extend the lifetime of critical components
in equipment where reliability and
minimum downtime are key factors.
But these treatments often require
sophisticated and lengthy sub layer
preparation, followed by post processing
operations such as polishing.
But Small Company of the Year
Diamond Hard Surfaces (DHS) has
developed an amorphous diamond
material, called Adm, which gives
extended life in high temperature,
chemically aggressive and abrasive
environments. Using a patented process,
DHS can coat substrates
ranging from steel to
thermoplastics. The coating
can be applied at relatively low
temperatures, which means
there is minimal effect on the
substrate material and making
the process more widely
applicable.
DHS says it does not have
a ‘one size fits all’ approach;
its technology allows tailored
solutions to be created. In
2016, DHS more than doubled
its turnover and says it is on
target to increase this by a
further 50%, with around 60%
of its business coming from
export sales.

Highly Commended:

Highly Commended:

Penso Group

Emblation
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Open Bionics

Design Team
of the Year

Electronic Product
of the Year

Sponsored by Cambridge Consultants

Kliklok

Peratech’s 3D Multi-Touch
Matrix Sensor

Start-up of the Year

Sponsored by Altium UK
Open Bionics points out there are more
than two million upper limb amputees
around the world and more than 11m
amputees. But it adds that the market for
robotic devices to assist victims of strokes
is even larger.
Looking to serve this market, it is
developing what it claims are affordable
robotic systems that enhance the human
body. Early customers will include hand
amputees, as well as parents of children
with limb-differences. Devices will be sold
directly to customers, as well as being
available through private and public health
care clinics. And with young people in
mind, Open Bionics has signed what it
says is a ‘one of a kind’ licensing deal with
The Walt Disney Company, allowing it to
sell bionic limbs featuring their favourite
characters. A similar agreement with Deus
Ex allows limbs to feature video game
characters.

Sponsored by New Electronics
Looking to exploit an opportunity for
a mid-range, flexible and compact,
integrated cartoning system, Kliklok set
a project in motion with a hard deadline
– launching a new system at Interpack
Germany in May 2017.
The project team comprised eight
people – four from Kliklok and four
from Bosch. There were obvious
challenges; two groups, two
countries, two languages and
eight opinions. These were
overcome with daily video
calls, weekly project workshops
and site visits. Team work was
paramount and communication,
trust, respect and sheer determination
allowed the objectives to be met and the
system to be launched on time.

Highly Commended:
PRaVDA/University of
Lincoln

The sponsors

CATEGORY SPONSORS

HEADLINE SPONSOR

Cambridge Consultants is a world-class supplier
of innovative product development engineering and
technology consulting. Working from its laboratories
in Cambridge, UK, and Boston, USA, it has all the
in-house skills needed to help you create an innovative
concept right the way through to taking your product into
manufacturing. Most of its projects deliver prototype
hardware or software, and trial production batches.
Equally, its technology consultants can help maximise
your product portfolio and technology roadmap.
www.cambridgeconsultants.com
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Since the launch of the Apple iPhone,
users of all kinds of technology have
become used to touch interfaces,
with capacitive touch dominating. Yet
capacitive touch technology has issues;
for example, it only operates in the X and
Y dimensions, as well as being
vulnerable to ‘false touches’.
Peratech’s 3D Multi-Touch
Matrix Sensor is a passive
array of force touch
sensors based on its QTC
technology. The array not
only determines position in
the X and Y axes, but also adds
pressure, opening a new world of
control options.
Humax has recently integrated a QTC
multi-touch matrix sensor into its AwareTV
platform, while several mobile phone
OEMs and display manufacturers are
evaluating the technology for integration
into mobile handsets.

RS Components is the global distributor for engineers.
With operations in 32 countries, it offers more than
500,000 products through the internet, catalogues
and at trade counters to over one million customers,
shipping around 44,000 parcels a day. The range
of products, which are sourced from 2,500 leading
suppliers, include electronic components, electrical,
automation and control, and test and measurement
equipment, and engineering tools and consumables.
www.uk.rs-online.com

Altium UK: Altium Designer is the tool of choice for
professional PCB designers across the globe. The stakes
riding on PCB design software and production success are
high, so you need a design solution that is efficient, easy to
learn and use without sacrificing design capabilities. Altium
Designer features multi-board design, powerful routing and
length tuning enhancements . Altium Designer has also
been supercharged with a high-speed 64-bit engine to be
up to date with the needs of professional PCB designers,
just like those found in the Design Team of the Year.
www.altium.com

www.ied.org.uk

BEEAS

Young Engineer
of the Year

Design Engineer
of the Year

Aerospace Product
of the Year

Rob Hanson, Designability

Jake Wallis, Lontra

Artemis, Smith Meyers

Sponsored by RS Components

Sponsored by maxon motor

Sponsored by Minitec

Since graduating from the University of
Glasgow with an MEng in Product Design
Engineering in 2013, Rob Hanson hasn’t
looked back. Working for Designability
– a national charity developing lifechanging assistive technologies – Rob’s
recent work has included the design of
a wheelchair baby carrier, dynamic
seating for young children with
dystonic cerebral palsy,
and the development of
Wizzybug, a powered
wheelchair for children
younger than five years old.
Rob has also played an
important part in Designability’s
‘Design Together, Live Better’
project, in which it works with the public
to understand the challenges of living with
disability and to design products which
overcome these problems.

Jake Wallis joined Lontra in 2012 as
a design engineer. Lontra’s flagship
product is Blade Compressor. While the
first version of Blade Compressor was
available when Jake joined Lontra, the
company admits there was ‘considerable
scope’ for its improvement – and Jake
contributed to this improvement in a
number of ways, including the
fundamental geometry of the
compressor rotor where it
interacts with mating parts.
This work is one of 10
Lontra patent filings to which
he is a major contributor.
Now Lontra’s principal
engineer, Jake has responsibility
for providing leadership and inspiration.
He has changed the design process so
engineers work more closely to create
more sophisticated and commercially
appropriate products, with designs
created more quickly.

Looking for a missing person in a remote
location can be like looking for a ‘needle
in a haystack’, with search and rescue
operations often reduced to ‘looking out
of the window’. But Artemis, from Smith
Myers, uses the missing person’s mobile
phone as a location beacon.
The initial concept required a bulky
direction finding antenna, but Smith Myers
refined this approach by using the cellular
protocol to perform distance estimates.
This allowed two standard omni antennas
to be used.
According to the company, Artemis
will work with any phone and doesn’t
require an app. The system will determine
the missing person’s location and
display it on a map, with directional
information. It also supports voice and
text communication with the mobile phone
– even when there is no cellular network.

The Sponsors

Goodfellow is a leading global supplier of metals, alloys,
ceramics, glasses, polymers, compounds, composites
and other materials to meet research, development and
specialist production requirements. The company has
70,000 catalogue products in multiple forms available off
the shelf. Goodfellow also offers a comprehensive range
of bespoke processing services, effectively operating as
an extension of the production team in order to develop
custom fabricated components in any quantity required.
Its in-house team is comprised of fellow engineers with
extensive knowledge of materials and processing.
www.goodfellow.com
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John Guest manufactures best in class push-fit connectors that
create reliable pipe/tube connections within seconds, without
using specialised tools. In the age of outsourcing, where most
businesses are moving manufacturing processes outside of
the UK, the business strictly controls the entire process from
initial tool design through to engineering and manufacturing to
ensure only products of highest quality are produced.
John Guest’s push-fit fittings and pipe are used in industries
such as automotive, telecommunications, compressed air and
pneumatics, and drinks dispensers.
www.johnguest.com

LG Motion designs, develops and manufactures motion
control technology components and systems to meet
the exacting requirements of research and academic
institutions and the wider industry. Its product range
encompasses a wide range of standard and bespoke
motion control systems and will highlight Arcus
Technology units, SMAC Units, LG series of Positioning
Slides. From small and simple stepper motor systems
to the sophisticated platforms for controlling and
synchronising servo motors, LG Motion integrates
components and systems from a number of global
partners such as Airex, Precision Motion Dynamics,
Velmex, Heidenhain, Schneeberger & Empire Magnetics.
www.lg-motion.co.uk
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Engineering Ambassador
of the Year

Materials application
of the Year

Mechanical product
of the Year

Iulia Motoc

Plessey Semiconductors

Aeristech, sCharger

Sponsored by John Guest
Iulia Motoc is a STEM Ambassador, an
Academic Ambassador for the University
of Kent and has recently been appointed
an Ambassador for the Queen Elizabeth
Prize for Engineering.
Last year, Iulia was invited to visit a
primary school in Kent to demonstrate
robotics. After spending a day at the
school working with the pupils and giving
them tasks to complete, Iulia realised
she wanted to give more students the
opportunity to see what engineering is.
The 30-plus activities she has been
involved in this year include judging the
First Lego League, presenting at the Big
Bang Fair and helping to prepare schools
for the Primary Engineer Leaders Award.

Sponsored by Goodfellow (Cambridge)
Most LED light sources are made from
gallium nitride (GaN) fabricated on a
sapphire substrate, but an alternative
approach is to create LEDs using GaN
on silicon technology.
Winner Plessey Semiconductors says
this allows more lumens per die area,
while the thermal conductivity of the
silicon substrate means heat can be
dissipated more quickly.
But a GaN emitter mounted onto a
silicon substrate is exposed to thermal
strain. In order to resolve this problem,
Plessey developed a technique that
uses a buffer layer between the GaN
and silicon layers.

Sponsored by Eureka!
This electric boost device acts like a
turbocharger enabling small engines to
increase efficiency and power output
by forcing extra air into the combustion
chamber. However, by being driven by
electricity, the device overcomes issues
of turbolag.
According to Aeristech, an engine
fitted with an sCharger can deliver the
performance of a regular engine with at
least twice its capacity, while reducing
fuel consumption and emissions by at
least 25%.
Powered by the vehicle’s battery,
the 9kW motor driving sCharger spins
at up to 120,000rpm, delivering air at
2.3bar. Using this technology, an 800cc
engine is capable of delivering 96bhp.
Aeristech says the 1L engine in a Toyota
Aygo delivers only 51bhp. The motor can
not only supply full airflow load within a
second, overcoming the perception of
‘turbo lag’, but also has high electrical
efficiency.

Highly Commended:
TDK-Lambda UK

The sponsors

maxon motor is the problem solver of the DC motor industry.
It has vast amounts of technical knowledge and is the only
global company to actually manufacture DC motors, gearheads
and controllers. maxon’s engineers have years of experience
in assisting customers with projects that range from space to
tattoo machines and robotics to drilling. It has expertise in a
wide range of applications and industries, and will find the best
commercial and technical solution for your application.
Maxon prides itself on quality and maintains the following
certifications ISO 9001, EN 9100 for the aerospace industry
and ISO 13485 for the medical technology.
www.maxonmotor.co.uk
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MiniTec UK is one of the leading manufacturers of
modular aluminium profile building systems used
throughout industry, leisure and retail. The heart of
the MiniTec system is the unique Powerlock fastening
method that requires no special tools.
The use of standard fasteners reduces the cost of the
product package considerably, makes assembly very
easy and ensures reusability.
You can design your product with the online iCAD tool
that helps you select dimensions/shape and design.
www.minitec.co.uk

Rutland Plastics: with more than 60 years’ heritage in
manufacturing, Rutland Plastics is a respected name
in plastic injection moulding. Regarded as a specialist
in gas assisted moulding, it also patented a process
of electrofusion.
The company provides a wide range of services, from
design, through to tooling, moulding to finishing services,
including sonic welding, machining and assembly.
Rapid prototypes are offered through its 3D print
bureau where it can simulate 100+ materials, including
transparent plastic and rubbers.
www.rutlandplastics.co.uk
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YEAR OF ENGINEERING

Childhood

dream

It’s the ‘Year of Engineering’ and a time to celebrate this
great calling. But what ﬁrst inspires someone to enter the
profession? Engineering Designer ﬁnds out

A

shraff Cader MIED – a chartered
civil engineer and senior
discipline civil/structural
engineer with Transport for
London (TfL) – has a challenging job,
but one he finds deeply satisfying. “I am
involved with expanding the rail network.
I work on a number of multi-disciplinary
projects and our goal is to create the
best underground transport system in
the world.”
Or, as George Clark, TfL director of
engineering, puts it: “To be the envy of
transport authorities around the world;
through efficient delivery of technologically
innovative engineering solutions that
meet demands of the 21st century.”
But why did Cader want to be a civil
design engineer in the first place? This
goes right back to his childhood, where
structures, buildings and architecture
inspired him, and were the driving force
that eventually led to the pursuit of a
career in civil engineering studies.
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He has never looked back since and the
reasons why are not hard to understand.
“As a civil engineer, I enjoy travelling
to different places. I love the challenges
and the experience of being exposed to
whole new cultures and careers in the
construction industry. Civil engineering
is a little like having a passport. The
knowledge and experience gained from
my civil engineering career can take
me anywhere in the world and allow
me, hopefully, to provide an important
contribution to any ongoing infrastructure
project. Working in civil engineering
keeps me in touch with a fantastic
engineering community. On a daily basis,
I am constantly challenged with making
intricate technical and scientific decisions
on great projects that are destined to
benefit our lives.
“I have a passion and a need to
improve life of a society; a burning
conviction to make life better for
everyone. Civil engineers need to have

Ashraﬀ Cader: civil engineering
is an intricate tool used to advance society.
a talent for invention and innovation,
and finding opportunities that will create
efficiencies to projects to save on
materials and resources.”
While he has a particular interest in
buildings, roads and transport systems,
there is also a curiosity in all things
engineering deeply ingrained within
him. “I see clear water running from the
tap, my mind instantly is awash with
questions of how, what and why, with
respect to the infrastructure required
to deliver clean water. I instantly think
about the engineers who are behind
these activities and wonder who they are,
what they do. I constantly think about
the importance of our profession and the
necessary civil engineering competences
in the built environment.” He sees the
huge contribution engineers make to our
everyday lives embodied in this quote:

13

Civil engineers are constantly interacting
with the built environment.

‘If you look around you, everything you
see that isn’t part of the natural world
was the vision of engineers. Every road,
every railway, every bridge, every building,
every sewage works owes its existence
to engineers.’ (The Duke of Edinburgh)
“For me, civil engineering is an intricate
tool used to advance society through
the use of innovative new technologies,”
states Cader. “We must constantly adapt
the infrastructure to meet challenges
of a consistently changing modern
world, such as population growth and
climate change. I know that designing
even the simplest structure can include
considerable ‘unknowns’, which have to
be identified and considered to create an
operational structure. As a civil engineer,
I must also consider the construction
and maintenance of structures to ensure
safety and durability can be successfully
integrated in the use of today’s modern
structures.”
One major difference between civil
engineering and other professions is
that civil engineering is very diverse, he
states, with civil engineers becoming
involved in a wide range of activities,
such as:
● The effective use of natural resources
● Design of roads and building
foundations
● Design of underground railway links
● Design of underground water and
sewage systems
● Design of coastal and offshore
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structures
● Structural design of bridges, dams
and buildings
● The management of infrastructure
large projects
● The supply and distribution of
essential services such as water
● Assessment of environmental impact
of proposed developments.
“The list goes on. The important
point is that, to make a positive
contribution to improve our way of living,
my competences must span a range
of engineering activities that are highly
diverse. This all means that life as a civil
engineer is never boring.”
Cader vividly recalls his first day
at university after enrolling to study
civil engineering. “I walked over to the
civil engineering department. Next to
the entrance of department of civil
engineering, I saw on the notice board
the following: ‘When you understand civil
engineering, you see the world differently.
Civil engineers shape the world.’
“I immediately thought at that point

that I had chosen the correct field of
study and, today, this has led me to a
career that is immensely fulfilling, and
this has peaked my diverse interests and
aspirations. That statement at university
was a constant and continued motivation
and vision to achieve my first-class
degrees in civil engineering.”
He is fascinated to see how in recent
years civil engineering has evolved to
embrace a far wider brief, including the
design and construction of roads, bridges,
building, dams etc. “In reality, civil
engineers have far more of an input into
creating modern structures and societies
than any other engineering discipline.
Civil engineering impacts on our daily
lives and daily activities. We take for
granted that we can turn on a switch
and have electricity conducted into our
appliances; or we have a transportation
system that is adequate and efficient.
This is because civil engineers have
an engineering input into design and
maintenance of our supply infrastructure.”
Meanwhile, civilisation continues
to place huge demands on our limited
environmental resources, he points out.
“Civil engineers are leading the way
in forming a detailed understanding of
environmental issues and how the impact
of human endeavours on the environment
can be reduced. In almost every activity
undertaken by civil engineers, they
interact with the built environment.
This expanding role as an environmental
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scientist will continue to increase, offering
an exciting future and an important place
for civil engineers as we approach the
future century.”
As a civil engineer, Cader has to
discuss, negotiate and also provide
guidance on the best way to proceed with
construction activity. On many occasions,
in the course of a project, he will interact
with a number of individuals who work for
a number of companies.
“Through these interactions, I meet
a lot of interesting people. Project
designers who turn the client’s wishes
into project designs; suppliers who
deliver the required material and
scale; crafts people who transform all
the architects’ instructions and the
suppliers’ materials into a client’s
dream. I must also continue to increase
my management experience. I regularly
get involved in site visits to assure
the design and third party checks
on consultants that are contracting
to assist in the project. Such visits
only serve to reinforce the sense of
satisfaction offered by careers in the
built environment. Also, work in the
construction industry affects most
people, because it doesn’t just mean
communicating with people who work
within it, but also shapes the future
environment for everyone.”
One of his current pleasures at TfL,
he states, is participation in the 4 Lines
Modernisations (4LM) in the Cable Route
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property is quite congested and this
innovative technology has provided an
efficient and beneficial solution.
“I am also involved with developing
this technology for shallow foundation
installation. This is ongoing at the
moment. There have been a number
of challenges that have occurred with
deeper foundation installations where
objects at low level have interfered
with cable route installations. This is a
challenge we expect to overcome soon.”
In the pursuit of expanding his role
INNOVATION IN ACTION
and exposure to the TfL environment,
One of TfL’s suppliers has created a
Cader has volunteered as a TfL Changing
fabricated cable-carrying system that
Champion and Agent.
A new generation of highly durable titanium implants is being
has shown to have a number of benefits.
“I am part of a team within TfL that
mooted, with patient trials commencing in as little as four years
“Naturally, I have tried to involve myself
is spearheading the evolution of the TfL
with this supplier as, in my view, the
environment. I firmly believe that this
systems developed are innovative and
transformation program will become a
original. I have tried to see just how
major benefit and add value in the future
far we can take the base designs to
role for every TfL employee.”
accommodate the many challenges we
When he is not at work, you will find
have on the CRMS.
him in his kitchen, trying to cook up
“The supplier, Anchor Systems, has
innovative dishes from the Middle East
embraced our requests and the Anchor
and Far East. “In my youth, I studied in
Post system has now been developed
Japan for a number of years and, during
to accommodate a concomitant route
this time, I gained a love for Japanese
scenario, which is where the cable
cuisine.” He also attends charity events
solution can be installed along the
in his local community in London and
same centreline of the existing route
enjoys playing cricket whenever he can.
or immediately adjacent to the existing
Clearly, he has a winning recipe for
route, in order to add extra cabling
success in work and beyond that touches
capacity to the route.”
so many areas of his life and those with
As most engineering designers will be
whom he connects. Civil engineering is all
aware, space in some areas on TfL
the better for that.
Management System (CRMS) project,
which is part of the current upgrade
to the signalling infrastructure being
undertaken by Thales. “I am involved in
investigating and ensuring the correct
products and materials are chosen for the
cable-carrying infrastructure. We have an
opportunity to enhance our current cable
routes by reinforcing the current concrete
infrastructure or the potential use of a
troughing system where space and good
engineering allows.”
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Anyone who has ridden to the summit in the award-winning 162-metre-tall moving observation
tower on Brighton seafront – the British Airways i360 – will know what a thrilling experience it is.
The engineering design that has gone into it is no less breathtaking

B

ritish Airways i360, the world’s
highest moving observation
tower, is now standing even
taller after scooping the ‘Judges’
Special Award’ at the British Construction
Awards 2017. The judges hailed the tower
for being much more than just a pretty
face, seeing it as proof that designers
can ‘build in’ financial performance and
efficiency, as well as design quality.
True as that may be, it’s the actual
design that takes the breath away, as
certainly as the rush you get from riding
to the top of this sleek and graceful
tower. Soaring skywards for 162 metres,
this vertical structure, fully enclosed by
a futuristic glass observation pod, takes
groups of up to 200 passengers to a
height of 138 metres. The design and
engineering of the i360 is as impressive
as it is innovative.
The tower has a height-to-width ratio of
more than 40:1 and state-of-the-art cable
car technology is used to drive the pod
up and down. Around 50% of the energy
needed to power the pod is generated
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on its descent. The tower comprises 17
stacked ‘cans’, which were jacked into
position in just 10 weeks. The slender
shape of British Airways i360 presented
some difficult and unusual challenges,
which called for innovative solutions.
Drawing on engineering and technologies
associated with cable cars and tower
cranes, the design team created an
‘intelligent’ structure, able to respond to
wind and other weather conditions.

AERODYNAMICS
British Airways i360 is designed to
operate even in windy conditions and
has a series of state-of-the-art measures
installed which ensure that the ride
is always smooth and safe. First, the
perforated aluminium cladding around
the tower diffuses and disrupts the
flow of wind by allowing some wind to
pass through it, thereby reducing windinduced vibrations. Secondly, dampers
are installed inside the tower to prevent
vibrations and, thirdly, dampers are
also inside the pod, which is itself

aerodynamically shaped for least
resistance to the wind.
Located at the landward end of the
West Pier on Brighton beach, Sussex,
British Airways i360 is a modern-day
‘vertical pier’, inviting visitors to ‘walk on
air’ and gain a new perspective on the
city, just as the original pier, now sadly
in contrast a tangled mesh of torn and
twisted metal, welcomed Victorian society
to ‘walk on water’. From the glass viewing
pod, you can enjoy 360-degree views
across Regency Brighton and Hove, the
South Downs, the English Channel and
the south coast east to Beachy Head, and
on the clearest days all the way to the Isle
of Wight in the west.
Eleven years in the making from
design to reality, British Airways i360,
brainchild of architect-entrepreneurs
David Marks and Julia Barfield of Marks
Barfield Architects, is radically different
in terms of design, engineering and
viewing experience to other viewing
towers around the world. When it comes
to technical innovation, it is comparable
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HIGH TIMES

HISTORY REBORN

to the London Eye, also conceived and
designed by the same architects. Both
projects represent huge advances over
earlier viewing experiences, incorporating
significant innovative engineering solutions
to complex problems.

HIGH TIMES
In urban design terms, the vertical feature
of the tower can be seen as a 21st
century equivalent of an obelisk which
traditionally was used to visually complete
the bottom of an open ended three-sided
classically inspired plan such as Regency
Square. The height of British Airways i360
is half the length of the West Pier, while
the visitor centre at its base, including
the reconstructed Eugenius Birch-designed
1866 tollbooths and flanking stairs,
stretches to the width of Regency Square
behind it.
The exceptionally slender tower, aligned
on the central axis of Regency Square,
creates a strong reference point, physically
and symbolically, and particularly with its
lighting feature on top, as a beacon from
the sea and afar. Historically, this role
would have been provided by the spire of
St Paul’s, West Street, which was used
by virtue of its conspicuous nature as a
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point of navigation to identify, and assert,
where Brighton is, before its view was
obscured and its prominence reduced by
surrounding buildings. In this way, British
Airways i360 can be seen to re-establish
this symbolic role, as well as continue a
tradition that has been associated with
Brighton, in terms of what it does and how
it is viewed.
Before any work below ground could
start, a 120m length of new sewer had
to be built to re-route Brighton’s main
sewer, a 1.5m wide Victorian construction,
away from the site of the build. An area
of shingle measuring 24 metres x 24
metres was excavated to a depth of 6.25
metres. Moreover, 3,600 cubic metres
(approximately 7,200 tonnes) of natural
beach shingle was excavated, tested
for any presence of contaminants (there
weren’t any) and then used to create a
temporary beach platform that supported
the large crawler crane and materials
required for the subsequent tower build.
Following this phase of the
construction, all of the shingle excavated
from the foundations was transported to
Shoreham to be returned to the beach,
helping to reverse the longshore drift. The
foundations for British Airways i360 are

Particularly important architectural features
on the landward end of the pier were the
two imposing identical square tollbooths
designed by Eugenius Birch in Italianate style.
These have been faithfully reconstructed, one
on the eastern side of the upper deck, the
other on the western side of the upper deck.
When planning permission and Listed
Building Consent were granted for British
Airways i360 in 2006, the western tollbooth
had already been removed, and the eastern
tollbooth, known as the ‘Rock Shop’, was in
an advanced state of structural deterioration.
By October 2012, the structure had become
unsafe and needed to be taken down, and
a methodology for careful recording and
dismantling of the remaining tollbooth and
its salvageable artefacts was agreed with the
local suthority.
The salvaged cast-iron ornate mouldings
and wrought-iron window frames were reused
as original models from which to recreate
new castings suitable for inclusion in the
reconstructed tollbooths. The same methods
and skills were employed to create the new
cast-iron work as were used by the foundry
men that made the original 1866 versions.
Twenty-eight separate patterns for
the new cast iron were made, comprising
approximately 24.5 tonnes of new cast iron,
based on the original castings.
The two tollbooths match the originals
in materials, style, dimensions, design and
appearance, in order to ensure that the
architectural and historic importance of these
buildings endures. The western tollbooth
houses the British Airways i360 ticket office
and the eastern tollbooth is now the West
Pier Tea Room.

Tollbooths under reconstruction.
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HIGH TIMES

built directly onto the underlying chalk
bedrock. The 3 metre-deep, 4,150 tonne
concrete foundation is reinforced with
nearly 200 tonnes of steel reinforcement
bar, and was poured with a 22-tonne
anchor bolt frame set in place with
concrete to connect to the tower.
The next operation was to drive over
2,000 interlocking concrete piles between
10 and 20m deep into the underlying
chalk bedrock to provide a temporary
support for the edges of the deep
excavation for the foundation.

‘CAN DO’ APPROACH
Back now to those 17 steel cans that are
stacked and bolted together. These are
all exactly 3.9 metres in diameter, while
the can wall varies in thickness from
85mm for the heaviest cans at the base,
to 20mm thick at the top for the lightest
ones. The cans vary in length from about
4.5 metres long to 12 metres long with
the shorter, heavier, ones at the base and
the longer, lighter, ones higher up.
They vary in weight between the
heaviest, at 85 tonnes, and the lightest
at 45 tonnes. The total weight of all
seventeen is around 900 tonnes.
The cans were made in Holland by
‘rolling’ flat steel plates into a circular
shape and then welding the seam where
the two edges of the plate touch. Each
can has a flanged lip welded to its top
and bottom to allow it to be bolted to
neighbouring cans, or to the base. The
flanges were forged from a red-hot single
ingot of steel, machined to the size
required and welded to the cans.
At that point, they were machined for
a final time, then ‘match-drilled’ to precise
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tolerances, so they could be bolted
accurately together on site. Over 18,000
man hours of welding were required to
manufacture the tower cans.
On the outside, the cans were fitted
with cleats for the cladding, electrical
bus-bars, stiffeners around door openings
and pod stops. Internally, they were fitted
with counterweight guiderails, stiffeners,
access ladders and access platforms.
After fabrication and fitting out, each can
was hot metal sprayed with a mixture of
zinc and aluminium, and then painted
to protect the steel against corrosion.
The cans were shipped to Brighton from
Rotterdam in June 2015, landing on the
beach in front of the site.
An innovative construction method
meant the tower was essentially built
from the top-down. Starting with the
seventeenth, or top can, a jacking tower
was used to lift the completed section of
the tower upwards, enabling new cans to
be inserted below with the assistance of
a specially designed skidding track. The
final lift weighed 900 tonnes.

BOLT FROM THE BLUE
The 17 steel cans, the counterweight
and the jacking tower were delivered by
barge onto the beach at low tide directly
in front of the construction site. The
construction of the tower on the 4,150
tonne reinforced mass concrete base
started on 15th June 2015. Using a 200
tonne crawler crane, with a lifting capacity
of 600 tonnes and featuring a 96-metrehigh latticed boom, the 60-metre-high
temporary jacking tower and seven cans
(comprising cans 1, 2, 3, 14, 15, 16, and
17) were stacked and bolted one on top of

each other up to a height just exceeding
that of the jacking tower.
A 16-tonne steel collar within the
jacking frame was used to lift the upper
section of the tower. The steel collar was
lowered within the jacking tower to ‘grip’
the top four cans of the tower. Four strand
jacks attached to the collar, each with a
capacity of 450 tonnes, gradually jacked
up the top four cans within the jacking
tower high enough so that the next can
could slide underneath on a skidding
track, before the tower was lowered
and bolted down to the new can. This
procedure was carried out 10 times, until
the tower reached its planned height of
162 metres. The jacking tower was then
disassembled. The tower is clad on the
outside with 5mm-thick curved perforated
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NOT ALL PLAIN SAILING
Not everything has gone smoothly for the British Airways i360.
In September 2016, the observation pod broke down three times
within five days. In March last year, the tower was forced to close, due to a temporary fault,
less than a month after it was shut for four days when a damaged data cable caused passengers
to be stuck for more than an hour. Load settings and a faulty sensor reading were cited at the
time as being behind the engineering problems. Happily, since then the attraction has enjoyed an
encouragingly clean bill of health. Customers on board the British Airways i360 pod are cared for by
at least two in-flight crew at all times. The pod is equipped with a camping toilet and privacy tent, a
children’s potty, space blankets, warm blankets, snacks, water and glucose tablets. There is also a
first-aid kit and a defibrillator on board, and the pod crew are trained first-aiders.

aluminium panels, which were installed
inside the jacking tower between jacking
periods. A total of 1,336 bolts weighing
approximately 30 tonnes (including 72
holding down bolts in the anchor frame)
were used to bolt the tower together. The
largest bolts are 85mm in diameter and
each bolt of this size can carry a load of
about 450 tonnes.

POD POWER
As for the pod itself, this is 18 metres in
diameter and weighs 94 tonnes, including
its chassis (which itself weighs 20 some
tonnes). The design of the pod is based on
an oblate ellipsoid – a shape created by
revolving an ellipse 360 degrees about its
minor axis, with a cylindrical core removed
to allow the tower to pass through. The
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floor sectors are supported on 48 trusses,
bolted together and cantilevered off the
chassis to support the floor. The space
below the floor houses the air conditioning
and heating units, together with
communication and safety systems. For
ease of transport and assembly, the pod
was constructed in 60 prefabricated parts:
24 floor sectors, 24 glazed superstructure
sectors, and 12 inner wall arc sections.
The superstructure sectors consist of
double-curved, double-glazed laminated
glass assemblies mounted onto a lightweight painted mild steel frame. The
panels of glass were shaped at high
temperature using bespoke moulds and
represent the cutting-edge of technology.
The process of heating and then
carefully cooling the glass creates a very
strong ‘toughened glass’ material. As
toughened glass cannot be cut to size,
each piece had to be precisely cut to
requirement at the start of the process,
in order for them to fit together accurately
in layers and then be attached to the
steel ribs forming the frame for each
superstructure sector.
The pod was first assembled on a
trial basis in France, using a substitute
chassis, to ensure that the complex
geometry fitted together perfectly. After
initial testing, it was then taken apart and
transported in sections to Brighton for the
final assembly on the tower, where the
actual chassis had already been installed.
The 24 floor sectors were connected
to the chassis, levelled up, and joined
together to form the bottom half of the
pod. Then the 12 inner wall arc sectors
and the 24 glazed superstructure sectors
were lifted into place and connected
together to form the complete pod.

Following this work the electrical wiring
was installed and the joints between the
glazed sectors were sealed to create
a watertight and fully functioning pod.

ALL SYSTEMS GO
The final task was to connect the pod to
the counterweight inside the tower, using
eight high-strength flexible steel ropes, and
to attach the counterweight to the drive
system winch situated in the basement.
The drive system and the associated
control system were then tested and
commissioned, allowing the pod to travel
up the tower for the first time.
For Brighton & Hove City Council,
the arrival of this iconic tower has been
a massive boon, not only adding to its
prestige, but also earning the authority
almost £1 million a year from visitors. A
final thought: for anyone thinking of getting
hitched, they might like to know that the
i360 is a licensed wedding venue. So,
if you or a member of your family really
wants to be swept off your feet, you can
now say ‘I do’ 138 metres up in the air!

Last section of the pod is put in place.
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Life on MARS
The Mars 2020 mission will seek the answer to a massive question – is there the potential for
human habitation on Mars? As for the mission itself, design engineering plays a massive part,
as editor Brian Wall discovers

T

o slip into the world of cliché,
the thought of being involved in
the Mars 2020 rover mission,
part of NASA’s Mars Exploration
Program and a long-term robotic
exploration of the Red Planet, would leave
anyone ‘over the Moon’. After all, this is
an undertaking that will tackle high-priority
science goals and delve into the very
possibility of the potential for life – and
eventually human habitation – on Mars.
The historic Spacecraft Assembly
Facility at the agency’s Jet Propulsion
Laboratory in Pasadena, California, will
be where NASA’s engineers build the
hardware for the Mars 2020 mission.
And while the worlds of science and

engineering are heavily engaged at the
highest levels in delivering the technology
that will underpin this assignment, the
beauty of the mission is that there is
also room for niche concerns to make
a vital contribution. One such company
is Advanex Europe, which has recently
supplied COMAT Aerospace with its
Tangless CoilThread inserts, to be used
in the 2020 Mars Rover Supercam: a
highly powerful camera (produced by
COMAT Aerospace) that will research
information about the surface of Mars,
such as elemental composition, and
capture images. The Supercam contains
up to 50 of these stainless steel inserts
in a range of sizes. But why should these

matter?
Mainly because, as with many
w
aerospace applications, it is vital when
selecting components that the materials
are lightweight and can withstand harsh
conditions. Tang break-off was a further
consideration, as inserts were required in
hard-to-reach places. By using Tangless
CoilThread inserts, the developers hope to
have bypassed that issue or subsequent
risk of Foreign Object Debris (FOD), which
has also helped to increase the speed of
the installation process.

HIGH FLYING
Ian Beardsmore, managing director
of Advanex Europe, is understandably
delighted to be part of this project:

KATO CoilThread inserts being installed on to the 2020 Mars Rover Supercam
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which goes a very long way towards
eliminating friction-induced thread erosion.
Crucially, it’s robust, too. The stainless
steel used to make KATO CoilThread can
resist harsh environmental conditions and
is suitable for many applications, while the
insert itself can withstand temperatures
from -320F to 800F (-195.6C to 426.7C).
The range comes in various lengths,
while materials embrace standard stainless
steel, through to Nitronic, Inconel and
Phosphor Bronze, as well as plating
options, including Cadmium, Dry Film Lube
and Silver. It’s a
solution that

AdobeStock

“We are… confident in the ability of
our CoilThread Tangless inserts. We
know from our supply chain that our
inserts can be found in various aircraft
applications, such as landing gear,
airframe and interiors. Space missions
are a new and exciting market for us to
develop.” KATO CoilThread has been
originated and developed by Advanex,
and is manufactured and distributed
across the globe via a network of
distributors. It comes in either Tanged
or Tangless versions, and is used in
various sectors, including automotive, rail,
defence, aerospace and medical device
development.
Both the Tanged and Tangless
threaded inserts are made from coldrolled stainless steel wire (AS7245),
work hardened to a tensile
strength above 200,000
psi and a hardness
of Rc 43-50. The
finished surface
is extremely
smooth,
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Marius Ferry, COMAT Aerospace project
leader, acknowledges for the positives
it delivers to the 2020 Mars Rover
Supercam: “We are very happy with the
Tangless inserts, because they save time
and are much more quality efficient.”

MISSION POSSIBLE
To have its solutions involved in this
remarkable project is a huge coup for any
supplier, of which there are many: the
mission will not only be seeking signs
of habitable conditions on Mars in the
ancient past, but also searching for signs
of past microbial life itself.
Everywhere you look, technology will
be hard at work to make this mission a
success. For example, the Mars 2020
rover introduces a drill that can collect
core samples of the most promising rocks
and soils and set them aside in a ‘cache’
on the surface of Mars. A future mission
could potentially return these samples to
Earth. That would help scientists study
the samples in laboratories with special
room-sized equipment that would be too
large to take to Mars.
The mission also provides
opportunities to gather
knowledge and
demonstrate
technologies that
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address the challenges of future human
expeditions to Mars. These include
testing a method for producing oxygen
from the Martian atmosphere, identifying
other resources (such as subsurface
water), improving landing techniques, and
characterising weather, dust, and other
potential environmental conditions that
could affect future astronauts living and
working on Mars. The mission is timed
for a launch opportunity in July/August
2020 when Earth and Mars are in good
positions relative to each other for landing
on the Red Planet.
The major advantage is that it takes
less power to travel to Mars at this time,
compared to other times when Earth and
Mars are in different positions in their
orbits. To keep mission costs and risks
as low as possible, the Mars 2020 design
is based on NASA’s successful Mars
Science Laboratory mission architecture,
including its Curiosity rover and proven
landing system.

SCIENCE OBJECTIVES
The Mars 2020 rover has four science
objectives that support the programme’s
overall goals:
1 Looking for Habitability: Identify past
environments capable of supporting
microbial life
1 Seeking Biosignatures: Seek signs
of possible past microbial life in those
habitable environments, particularly in
special rocks known to preserve signs of
life over time

EMBRACING THE BEYOND
The Seismic Experiment for Interior Structure
(SEIS) instrument for NASA’s InSight
mission to Mars undergoes a checkout for
the spacecraft’s assembly, test and launch
operations (ATLO) in this photo, taken in
July 2017, in a Lockheed Martin clean room
facility in Littleton, Colorado. The SEIS was
provided by France’s national space agency
(CNES) with collaboration from the United
States, the UK, Switzerland and Germany.
The InSight mission (for Interior
Exploration using Seismic Investigations,
Geodesy and Heat Transport) is scheduled to launch in May 2018 and land on Mars Nov. 26,
2018. It will investigate processes that formed and shaped Mars and will help scientists better
understand the evolution of our inner solar system’s rocky planets, including Earth.
While engineers in Europe continued to outfit the Orion spacecraft’s service module for
Exploration Mission-1 in preparation for shipment to NASA’s Kennedy Space Center in Florida
this year, work was already beginning on the service module that will power, propel, cool and
provide air and water for the first crewed mission in the Orion spacecraft in the early 2020s.
Technicians at Thales Alenia in Turin, Italy, are working on the primary structure of the
European Service Module that will carry astronauts in Orion beyond the Moon during
Exploration Mission-2. ESA (European Space Agency) and its contractors are providing
Orion’s service module for its first two missions atop the Space Launch System rocket.
NASA’s Orion spacecraft, built to take humans farther than they’ve ever gone
before, will serve as the exploration vehicle that will carry the crew to space, provide
emergency abort capability, sustain the crew during the space travel and provide
safe re-entry from deep space return velocities. Orion will launch on NASA’s new
heavy-lift rocket, the Space Launch System.

www.ied.org.uk

A 58-foot tall Black Brant 1X sounding rocket launches from NASA’s Wallops Flight Facility in October
2017. This was the first test of the Mars 2020 mission’s parachute testing series, the Advanced
Supersonic Parachute Inflation Research Experiment (ASPIRE). Image credit: NASDA/Wallops
1 Caching Samples: Collect core rock
and ‘soil’ samples and store them on the
Martian surface
1 Preparing for Humans: Test oxygen
production from the Martian atmosphere.
All relate to the potential of Mars as
a place for life. The first three consider
the possibility of past microbial life. Even
if the rover does not discover any signs of
past life, it paves the way for human life
on Mars someday. The Mars 2020 rover
also conducts other scientific studies
related to its four objectives. For example,
the rover monitors weather and dust in
the Martian atmosphere. Such studies
are important for understanding daily and
seasonal changes on Mars, and will help
future human explorers better predict
Martian weather.
The Mars 2020 rover design is largely
based on the engineering design for Mars
rover Curiosity. This reliance on a proven
system reduces mission costs and risks.
The rover’s long-range mobility system
allows it to travel on the surface of Mars
over a distance of 3 to 12 miles (5 to
20 kilometres). The rover has a new,
more capable wheel design, among other
improvements. For the first time, the rover
carries a drill for coring samples from
Martian rocks and soil. It gathers and
stores the cores in tubes on the Martian
surface, using a strategy called ‘depot
caching’. Caching demonstrates a new
rover capability of gathering, storing, and
preserving samples. It could potentially
pave the way for future missions that
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could collect the samples and return them
to Earth for intensive laboratory analysis.
The Mars 2020 rover helps prepare for
future human exploration of Mars with a
technology for extracting oxygen from the
Martian atmosphere, which is 96 percent
carbon dioxide. This demonstration of new
technology helps mission planners test
ways of using Mars’ natural resources
to support human explorers and improve
designs for life support, transportation,
and other important systems for living and
working on Mars.
During the next two decades, NASA
will conduct several missions to address
whether life ever arose on Mars. The
search begins with determining if, as has
been posited, the Martian environment
was ever suitable for sustaining this.
On Earth, all forms of life need water
to survive. It is likely, though not certain,
that, if life ever evolved on Mars, it did
so in the presence of a long-standing
supply of water. On Mars, therefore, the
search will be on for evidence of life in
areas where liquid water was once stable
– and below the surface where it still
might exist today. Perhaps there might
also be some current ‘hot spots’ on Mars
where hydrothermal pools (like those at
Yellowstone) provide places for life.
Recent data from Mars Global Surveyor
suggest that liquid water may exist just
below the surface in rare places on the
planet and the 2001 Mars Odyssey will be
mapping subsurface water reservoirs on a
global scale. It has been established that

water ice is present at the Martian poles
and these areas will be good places to
search for evidence of life as well.

LIFE AND SOUL
In addition to liquid water, life also needs
energy. Therefore, future missions will
also be on the lookout for energy sources
other than sunlight, since life on the
surface of Mars is unlikely, given the
presence of ‘superoxides’ that break
down organic (carbon-based) molecules
on which life is based. Here on Earth, we
find life in many places where sunlight
never reaches – at dark ocean depths,
inside rocks and deep below the surface.
Chemical and geothermal energy, for
example, are also energy sources used
by life forms on Earth. Perhaps tiny,
subsurface microbes on Mars could use
such energy sources, too.

TELL-TALE MARKERS
NASA will also look for life on Mars
by searching for tell-tale markers, or
biosignatures, of current and past life.
The element carbon, for instance, is
a fundamental building block of life.
Knowing where carbon is present and in
what form would reveal a lot about where
life might have developed.
We know that most of the current
Martian atmosphere consists of carbon
dioxide. If carbonate minerals were
formed on the Martian surface by
chemical reactions between water and
the atmosphere, the presence of these
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minerals would be a clue that water had
been present for a long time – perhaps
long enough for life to have developed.
On Earth, fossils in sedimentary rock
leave a record of past life. Based on
studies of the fossil records, it is clear
that only certain environments and types
of deposits provide good places for
fossil preservation. On Mars, searches
are already underway to locate lakes or
streams that may have left behind similar
deposits. So far, however, the kinds of
biosignatures we know how to identify
are those found on Earth. It’s possible
that life on another planet might be very
different. The challenge is to be able to
differentiate life from non-life, no matter
where one finds it, no matter what its
varying chemistry, structure and other
characteristics might be.

BUILDING BLOCKS OF LIFE
Life detection technologies under
development will help to define life in
non-Earth-centric terms, so that it can be
detected in all the forms it might take.
Past Martian climate conditions are a key
focus of the mission.
The rover’s instruments are seeking
out evidence of ancient habitable
environments where microbial life could
have existed in the past. Also, the Mars

2020 rover is designed to study the rock
record to reveal more about the geologic
processes that created and modified the
Martian crust and surface through time.
Each layer of rock on the Martian surface
contains a record of the environment in
which it was formed. The rover seeks
evidence of rocks that formed in water
and that preserve evidence of organics,
the chemical building blocks of life. The
Mars 2020 rover is demonstrating key

technologies for using natural resources
in the Martian environment for life support
and fuel. Also, similar to the history of
the exploration of Earth’s moon, robotic
missions to Mars provide a crucial
understanding of the environment and
test innovative technologies for the safe
conduct of future human exploration.
All in all, this mission is a vast and
complex undertaking - and soon we will be
witnesses as it unfolds before our eyes.

NASA’S MARS 2020 ROVER
Launch: July/August 2020, Landing: February 2021, Mission Duration: At least one Mars year (about 687 Earth days)
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ART IN ACTION
Visualisation of the OAJ Assembly and Orientation
Jig (image courtesy of
Generative Parametrics)

Arches of Oman at night
(image courtesy
of seanboy.com)

Arching ambitions
The stunning water sculpture at Muscat’s Royal Opera House
featured as a news item in our last issue. Here, we focus on the
remarkable UK team behind the engineering design

T

he Arches of Oman – a
ground-breaking 12 metre-high
water and steel sculpture
by inspirational artist Giles
Rayner, and developed by UK engineers
– has been unveiled at the Royal Opera
House in Muscat, Oman.
It is anticipated that the extraordinary
work of art will become an iconic symbol
not only in Muscat, but in the wider
Middle East. At its location, next to The
Royal Opera House, the country’s premier
venue for musical arts and culture, the
new sculpture offers unique views from all
surrounding approaches. Its spectacular
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
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out of the piece and into the pool below.
The sculpture is formed from Duplex,
a stainless steel that is specified for
extreme environments. “Duplex provides
enormous structural surface strength
for the sculpture, the surface finish that
Giles [Rayner] and the client desired, and
anti-corrosive properties needed in this
coastal environment,” says Julian GlynOwen, director for the Arches project.
In its design engineering role,
Generative Parametrics, based in
Melksham, Wiltshire, played a key part
in the story of The Arches of Oman. The
double curvature of the sculpture required
its highly specialist 3D modelling and
design engineering skills. The company
took 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. Its modelling
methodology was also used throughout
the development and construction of
Arches, while its parametric modelling
techniques were central to the complex
inter-relationship of the 69 water jets and
brackets, access hatches and the 1km of
internal hose housing.
The fabrication of the designs alone
required 12-months’ work. M-tec, a
specialist division of WEC Group, worked
from two sites, first in Darwen and then
at a second group subsidiary MTL, based
in Rotherham.
Engineering Designer editor Brian Wall
asked Glyn-Owen to talk through some of
the key aspects of the project:
ED: There must be some large forces
generated at the jet nozzles, which will
vary each time the display is switched. Did
that give rise to significant fatigue effects
on the whole structure?
Glyn-Owen: The greatest structural forces
the sculpture had to be able to withstand
were not in the end-state, upright and
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Putting the water lighting to the test.
operating, but in the assembly stages.
As stated, the sculpture was built from
10mm thick Duplex 2205 stainless
steel in three parts – the two sides, or
tusks as the team named them, and the
apex. These three components had to
be fabricated, polished to 320grit, then
aligned to one another in a large jig, in
the horizontal. This jig was designed to
allow for the horizontal assembly and
then provide for alignment of the pieces
before finally facilitating the orientation
of the entire structure to the vertical
out in Oman. It was named the AOJ, the
assembly and orientation jig.
Horizontal assembly was chosen
to allow the fabrication to take place
within the limits of UK-based fabrication
facilities at MTL, part of the WEC Group
of companies. The AOJ was designed
by a team in Melksham, Generative
Parametrics, led by Alex Groffman. [See
image No.1] With dynamic loading forces
being designed for, there was an impact
on the project’s timings, as we rejected
two early solutions, but the successful
design was fabricated in short order and
brought into use early 2017.
The AOJ was successfully used for
final alignment assembly, then broken
down and packed for shipping out of MTL.
In Oman, it was re-assembled and used
successfully to align the sculpture’s three
pristine components. Then in one critical
lift, at 22 tonnes, we orientated the entire
assembly to the vertical. We used two
cranes; a Liebherr 220 tonne at the head
and a Tadano 60 Tonne crane for the tail
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lift. This footage, as well as many images
of the project, can be seen on The Arches
of Oman website: www.archesoman.com.
The AOJ was then broken down, once the
sculpture was secured into its foundation
system at site.
Day to day, major forces within the
sculpture’s structure are related to the
heating cycles caused by the extremely
hot conditions in Oman in mid-summer.
The surface can heat up to 65°C and
cool to 20°C. We are most conscious of
the mechanical fixings between the base
root foundation system and the sculpture,
so we have an inspection programme
planned and agreed with the maintenance
team. During assembly, we experienced
the heat effect on the Duplex as it
expanded. However, the AOJ had been
designed to allow for this daily expansion.
The water display system consists
of 68 jets mounted throughout the
structure’s tusks and Apex, with one
additional large 2inch diameter jet in
the very centre of the apex. These are
all operating at a relatively low pressure
of around 2.5 bar. The pumping system
driving this requires three pumps: two
larger 12Kw pumps per side and one
single 9Kw pump for the central jet. The
total distance that all water is driven
through the piping before exiting the
sculpture is 2km, but it must operate 24
hours a day, so the team has specified a
system that has a degree of flexibility for
flow variation.
When flooded, the hoses and fittings
added another 600KG per tusk. Our

team fitted hose retainer brackets spread
throughout the sculpture.
We are using Lowara pumps controlled
by Mitsubishi variable-speed drives. The
Electronic Control Panel was designed
and assembled at Ustigate Ltd. The
different water display effects are
affected by motorised valves switching
flow from the pumps on large bespoke
manifolds within the plant room. The
water, therefore, switches flows to
different sets of display jets. Three main
effects operate during the day at an
average of 10 minute cycles per effect.
To create this system, our team built
a full-scale test rig in Gravesend with
Ustigate to ascertain the jet trajectories,
water pressures and then underwater
lighting systems.
ED: How does the filter system remove
sand, litter and other contaminants
from the flow to avoid erosion of the jet
nozzles? What long-term effect does this
have on the filtration system?
Glyn-Owen: There are three levels of
large object filtration directly beneath
2
the sculpture itself, running from 24mm
down to 16mm2. These will ensure
no large foreign objects will reach the
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suction lines of the pumping system or
impellers on the pumps themselves.
Once water has entered into the suction
lines for the filtration system, it is passed
through in-line fine mesh basket strainers
and then through a large swimming pool
sand filter. Automatic chemical dosing
and top-up is carried out 24 hours a
day. With the monitoring of the water
quality, we are also checking on the Oase
jet nozzles as part of our maintenance
procedures.
ED: In a maritime environment, what is
the effect of salt contamination on the
system, particularly seals and valves?
Perhaps you could provide more detail on
the seals and valves selected, and why
– ie, what did they offer that those from
other sources didn’t?
Glyn-Owen: The sculpture is approximately
1km from the sea, so there is some
opportunity for airborne saline corrosion.
However, present measurements of the
potable water used in the sculpture pool
and display show no salination. Corrosion
was considered as a risk at the start of
the project, so Duplex 2205 was a good
choice for the sculpture. This stainless
steel is regularly used in the oil and
gas industry for high temperature, high
corrosion and sub-sea environments.
ED: Is there some form of safety barrier
to stop people, especially children,
getting into the pool?
Glyn-Owen: There is no specific barrier
around the edges of the pool, other
than beautiful planted flora and fauna
borders to dissuade visitors from climbing
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The team at Generative Parametrics
focused on the feasibility of design for
fabrication, shipping, and assembly and
maintenance throughout the project. A
major early challenge was to capture the
artist’s vision and model this for design
development. The maquette created
by the artist was 3D scanned and this
information used as the basis for the form
of the sculpture in the computer software
Dassault Systemes Catia.
“Development of the sculpture surfaces
was then carried out with the artist’s
guidance before finally surfaces were
digitally ‘flattened’ for the process of laser
cutting the specific flat profiles from the
Duplex,” adds Glyn-Owen. “This was a very
onto the pool wall. The culture in Oman
high-risk point in the project, but the team
is such that Government officers trust
simulated the process using computer
the public to not cross the garden and
modelling, as well as checking physical
enter the pool. We shall see. The pool is
models to ensure the curvatures were
475mm deep and 25m across; this area
perfect for 1:1 production to proceed. The
dissuades the more adventurous visitors.
steel was ordered from Outokumpu and
In the very centre of the pool, surrounding
cut on the UK’s largest laser bed at MTL
the base of the sculpture, there is a
before being pre-polished in Birmingham
raised oval plinth area where water depth
by Professional Polishing.
is less than halved.
“The design of the mounting of the
Atop this inner plinth, there is a large
water jets, coupled with the aesthetic
steel cover plate array that distributes the
demands of the sculpture, required a
water suction flows over a very wide area,
novel design of bracket to be designed –
such that there is no danger to people or,
the trajectory of each nozzle was unique
importantly, bird life. Beneath this cover
against the inside curving surface of the
plate is a truss system, again acting as
sculpture. Portals for the water had to be
a barrier to debris, then a full screen
carefully modelled to ensure the jets could
mesh and finally strainer boxes surround
A new generation of highly durable titanium implants is being
exit the sculpture without catching the
the suction lines 2.2metres beneath the
mooted, with patient trials commencing in as little as four years
steel edges.
sculpture. Three separate screen barriers
“We also used modelling to position
therefore sit in front of the suction lines.
the lights, all specified and manufactured
ED: Will the system be turned off in
for this project. These are underwater,
high winds? Is this something that has
IP68 rated, LED fittings designed by NJO
to be monitored or are there automatic
Technologies. The mounting of these was
features that come into play when certain
within the cover plate described earlier.”
tolerances are reached? If so, what are
Overall, the remarkable achievement
these set at?
of this project was the translation of the
Glyn-Owen: There is an anemometer
vision of artist Giles Rayner into a fully
on the windward side of the sculpture
functioning steel and water illuminated
site, some 100 metres away from the
40ft high sculpture. “And had the piece
pool. The data feed from this has been
not involved water, the project would
programmed to trigger the system to
have needed far less integration between
alter effects when wind speeds change.
structure, system and components,”
The wind speed settings range between
Glyn-Owen concludes. “As it was created,
5-12 m/s, depending on what particular
the combination of these factors provided
display pattern is running. The sculpture
the challenges and deserved achievement
therefore adjusts its display according to
that engineers work for.”
wind strength and wind gust duration.
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Institution News
Could your innovation be worth a share of £19 million?
Innovate UK is to invest up to £19 million to support innovation that
offers significant changes in productivity and cutting-edge innovation.
The competition has two strands: strand 1 is for health and life
sciences projects and strand 2 for emerging and enabling technologies
projects. A further £12 million is available to fund Knowledge Transfer
Partnerships (KTPs).
KTN will be hosting briefing events for Innovate UK’s January 2018
sector competition for Health & Life Sciences and Emerging & enabling
Technologies.
Projects under strand 1, ‘Health and Life Sciences’, must show
significant innovation in one of these priority areas:
● increasing agricultural productivity
● improving food quality and sustainability
● advanced therapies (cell and gene therapies)
● precision medicine
● medicines discovery
● advanced biosciences.

The aim of the competition under strand 2, ‘Emerging and enabling
technologies’, is to help UK businesses broaden their innovation
activities, disrupt existing markets and find new revenue sources.
Projects must show significant innovation in one of 4 priority areas:
● Emerging technologies (biofilms, energy harvesting, graphene and
new imaging technologies)
● Digital
● Enabling capabilities, including electronics, sensors and photonics
(ESP); robotics and autonomous systems (RAS), creative economy and
design
● Space applications
All projects must involve at least one SME, working alone or
in collaboration with other organisations. Projects with costs over
£100,000 must be collaborative and include a funded partner.
The competition opened on 22 January and you must apply before
28 March. For more information, go to: https://www.gov.uk/applyfunding-innovationorganisations/innovate-uk.

Election of Council

Mr D Farrell, Dr T M B Humphries-Smith, A T A Keegan, Mr N Rowan,
Dr C J Simcock, Mr I Treacy, Dr B Watson, Dr K Winning and Mr R
Yuen. The Chair of Council will be EurIng C Ledsome and the Vice
Chairs will be Mr D T H Castle and Mr N Phelps.
Honorary Treasurer will be Mr A T A Keegan.
Any three corporate members may nominate any other corporate
member for election to Council by delivering such nomination in writing
to the Secretary, together with the written consent of such person to
accept office if elected. Nominations must be received by Monday 23
April 2018.

Notice is given of an election to fill vacancies on the Institution’s
Council, in accordance with By-law 43, to take effect from the AGM
to be held on Saturday 21 July 2018. The number of vacancies to be
filled is five. Council nominate the following to fill these vacancies: Mr
D T H Castle, Mr N Phelps, Dr G A L Tizzard and EurIng S Vaitkevicius.
The non-retiring ordinary members of Council will be: Mr P K R
Bateman, Mr S J Benfield, Professor G N Blount, EurIng Dr L M Buck,

Elections & Registrations
Registration as Chartered Engineer
Hugh Goodbody
Guildford
Raymond Faiers
Buckinghamshire

Transfer to Fellow
David Walls

Election to Student
Southampton Solent University
Joe Hanchard
Hampshire
University of Middlesex
Immanuel Capistrano

West Sussex
The Open University
Keiron Arndell

Election to Member
Paul Charles Davies
Wiltshire
Nick Bellew
Co Durham
Jake Edwards
Gloucestershire
Andrew Sheffer
Tyne & Wear
Joseph Kolodziejski
Cornwall
Samie Iqbal
Surrey
Marc Potts
Buckinghamshire
Paul Milner
West Sussex
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Kent

Cheshire

Leeds University
Adam Wine

Birmingham

Aston University
Tom Aston
Jean Belgrave
Dominic Boniface
Shiva Chauhan

West Midlands
London
West Midlands
West Midlands

Samuel Gray
Katie Griffiths
Susanne Gutzold
Sultaan Hamid
Robert Hearnden
Owen Hughes
George Ibbertson
Lugine Khaled
Samuel Kirk
Edward Leigh
Bright Luther
Michael Majekodunmi
Janita Mamrath
Eva Rajwana
Easaa Sheikh
Mohommad Uddin
Ekene Ugorji
Hao Zhang
Graham McLeod

Eastleigh
West Midlands
Isle of Mann
West Midlands
Devon
Nottingham
Lancaster
Birmingham
Shropshire
New Market
Middlesex
London
Wolverhampton
West Midlands
Warwickshire
Coventry
Birmingham
Taiyuan
Glasgow

Imperial College
Neel Patrick Le Penru
Thomas Gonda

London
London

University of Portsmouth
Adrian Clarke
Hampshire
Collins Fong
Hampshire
Simran Ghag
Hampshire
Thomas McGregor
Hampshire
Thomas Hadley
Hampshire
Matthew Hall
Essex
Jennifer Hollywood
Middlesex
Sophie Lal
Hampshire
Nathan Moss
Essex
Kristopher Munro
Argyll and Bute
Temi Oyemakinda
Hampshire
Richard Soons
Carmarthenshire
James Wooster
Hampshire
GP Wicken
Hampshire
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WELL HEALED

PA Images

Masking
over the
damage
After sustaining a broken nose, Real Madrid and Spain football player Sergio Ramos
wore a protective 3D printed carbon fibre face mask on the pitch

T

he carbon ﬁbre mask that was
so visibly sported by Spanish
superstar Sergio Ramos, and
seen by countless millions of
television viewers around the world, was
created for him by Younext, a subsidiary
of the sports company Podoactivia, which
scanned, edited and then 3D printed the
personalised face mask for the footballer.

PRECISION FINISHING
Although Ramos could have decided to
undergo an operation on his broken nose,
received as a result of a kick to the face,
this would have led to a loss of training
time while the operation and recovery took
place. Instead, Zaragoza-based Younext
was called upon to provide a face mask to
shield the footballer’s nose while healing.
Younext states that its masks are created
with a “high end 3D printing process
with materials used in the aeronautical
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industry” – speciﬁcally, high modulus
carbon ﬁbre that is said to be 10 times
stronger than steel, yet extremely light at
just 65 grams.
The process begins with a 3D face
scan. Avoiding the use of plaster moulds
and thermoforming improves adaptation
of the mask to facial contours, preventing
sliding or loss of peripheral vision.
The face masks are built and
customised by Younext’s in-house
technicians, who ensure that injuries are
appropriately protected by the masks in
case of impact out on the pitch.
The masks are then 3D printed
with the specialist carbon ﬁbre or the
company’s own ‘Dynamic Podoactiva’
material at the AITIIP technology Centre
in Zaragoza, an R&D centre, which has
also been involved in recycled ﬁlament
and 3D printed vehicle production.
After 3D printing, the mask has then

to be machined for precision, with rubber
rests added through thermo-forming.
Finally, the mask is customised for the
athlete. And the cost of the ﬁnished
product? Surpriringly, around €300
(under $360) – well within the budget of
any top tier footballer!

ALL THE RAGE
Ramos is the latest in a number of
professional football players to have used
this technology while recovering from
injuries. Similar protective masks have
been made for many other footballers and
are now a common sight.
Sebastián Soria, who plays for AlRayyan Qatar, even had such a mask
made remotely, using a compilation of
50 photos of his face. This allowed him
to continue training as normal in Qatar,
while the face-mask was rapidly designed
and built in Spain.
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WHATÕS HAPPENING
Engineering project
reaches 1,500 pupils

From left: Adam Baker,
Jake Eaton and Tom Leigh.

Students go ballistic!
Frome College students Jake Eaton, Adam Baker and Tom Leigh
are building a combat robot – it goes by the name of ‘Ballistic’
– that they hope will be capable of winning the famous BBC2 TV
show ‘Robot Wars’.
The trio told Engineering Designer: “We are a team of young
enterprising Year 10 students with an interest in robotics, and
the knowledge and skill to make a combat robot worthy of a
Robot Wars champion. Skilled in the arts of computing and
construction, we are going to make our Frome College entry
a winner.”
The design approach
they are taking is driven
by the imperative of
wiping out the opposition.
“It is a square back
with a triangular front to
allow maximum damage
from our bar spinner,”
the team explains. “The
square back allows for
high stability, protecting all our internal components, and the two
wheels we have are going to be used for ‘tank steering’ to ensure
snappy turning, plus a high response rate to allow the spinner to
get a hit on the enemy as soon as possible.”
What they need now to help them on their way are donations
of materials and supplies, and most of all medium or high carbon
steel; motors; LiPo or LiFePo4 batteries.
“In our quest to succeed in building a real contender, we also
need help with sponsorship contributions to the ‘war effort’ to
buy components,” the team confided. “In order for us to be able
to build our mighty robot ‘Ballistic’, we will need approximately
£1,000 for the project. With everyone’s help, we intend to make
Frome College the UK champions and build something that will
blow the competition away!”
If you can help, or would like more information about the
project, please contact Jane Davis, Communications Officer at the
college, via Jane.Davis@fromecollege.org.
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A Royal Academy of Engineering project from Abertay University
has built connections with more than 1,500 school pupils and
families from across Tayside and Fife.
Staff from Abertay organised a series of engagement
activities designed to teach youngsters about civil engineering,
while improving the communication skills of engineers
themselves.
Using the new Dundee Railway Station project as a focal
point, organisers created teaching sessions and information
banners, before designing a range of simple construction tasks
to be carried out in schools, and during the Dundee and Fife
science festivals. Children learned about the complexities of
operating the project over live railway lines, removing the old
railway station and building the foundations for the new station.
They also learned about installing new (and protecting old)
services, such as electricity, telephone cables, water and green
infrastructure networks, and the railway station superstructure.
The work was funded by the Royal Academy of Engineering’s
Ingenious scheme for projects that engage the public and
school children with engineers and related disciplines such as
construction, structures, transport, geotechnics, materials and
urban engineering.
Research project officer Alison Duffy, who coordinates the
scheme for Abertay with Dr Dan Gilmour and Neil Berwick, said:
“It’s never too early to get children interested in education
and this project has been a tremendous way to engage pupils
in engineering. For our volunteer engineers, the experience
of communicating working methods to such a young and
enthusiastic audience has been invaluable, and both children
and parents have been completely engrossed during the
sessions”

Alison Duffy: this has
been a tremendous
way to engage pupils
in engineering.
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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

