September/October 2017

Challenging
the status quo

Construction’s new
towering achievements

Contacts
Institution of Engineering Designers
Courtleigh, Westbury Leigh, Westbury,
Wiltshire, BA13 3TA
Telephone: +44 (0)1373 822801
Fax: +44 (0)1373 858085
Email: staff@ied.org.uk
Website: www.ied.org.uk

@InstEngDes

Institution of Engineering Designers
September/October 2017

President
Ms Maggie Philbin OBE
Immediate Past President
Sir George Cox HonFIED
Chair
Dr Tania Humphries-Smith BSc PGDip
MPhil EdD CTPD CEng MIED FHEA FRSA
Immediate Past Chair
Simon Benfield CTPD CEng CEnv
FIED(PCh)
Vice Chairs
EurIng C Ledsome BEng MEng CEng
FIMechE FIED MCMI FBIS MDS
Eurlng Professor SP Vaitkevicius
BEng(Hons) MSc CEng FIED
Ordinary Councillors
PKR Bateman EngTech MIED
Professor GN Blount BSc MSc
PhD CEng FIMechE FIED(PCh)
EurIng Dr L Buck BSc(Hons) MA PhD
CTPD CEng FIED FHEA FRSA
DTH Castle IEng RCADMan FIED
MBCS CITP
D Farrell BSc(Hons) MTech CEng
CTPD FIED
N Phelps IEng MIED
Dr C J Simcock MEng&Man(Hons)
EngD CTPD CEng FIMechE FIED
Dr GAL Tizzard BSc MPhil DIC PhD
MIEEE CEng MIED FHEA
I Treacy BA MSc IEng MIED MIET
Dr B Watson MDes(Hons) PhD LCGI
CEng CEnv CTPD MIED
Dr K Winning BEng(Hons) MEng
MSc PhD CEng MIMechE CEnv FIED
CGeog FRGS
R Yuen MEng CEng MIED
Note: (PP) – Past President,
(PCh) – Past Chairman
Honorary Treasurer and
Councillor
ATA Keegan CEng FIED(PCh)
Chief Executive
EK Meyrick BSc(Hons) FRSA
Managing Editor
Libby Meyrick
Editorial Committee
SJ Benfield, MK Chowdhree,
KL Edwards, PC Hills, GJ Jeffery,
C Ledsome, LJ Meaton,
EK Meyrick, JD Poole

Engineering Designer needs good articles on matters important to
Challenging
the status quo

Construction’s new
towering achievements

design. Why not write one? You will receive help from the editorial
team, should you need it.
If you want to try your hand at writing a feature for Engineering Designer,

Editor
Brian Wall

please submit an abstract (around 200 words), explaining what your
feature is about, with intended word count. (Features can be between
1,000 and 1,800 words.) It will then be forwarded to the IED editorial

Art Editor
Neil Young
Advertising Manager
Luke Webster
Telephone:
+44 (0)1322 221144
Email:
luke.webster@markallengroup.co.uk

committee for consideration.
Contact Brian Wall, MA Business Ltd
Hawley Mill, Hawley Road, Dartford, Kent DA2 7TJ
Telephone: 01322 221144 Email: editorial@engineeringdesigner.co.uk

ISSN: 00137898
The Journal of The Institution
of Engineering Designers
Hawley Mill, Hawley Road,
Dartford, Kent DA2 7TJ
Email:
editorial@engineeringdesigner.co.uk
Website:
www.engineeringdesigner.co.uk
Contact the Editor
If you would like to write a feature,
add to the news or send your points
of view, write to:
Brian Wall
MA Business,
Hawley Mill, Hawley Road
Dartford, Kent DA2 7TJ
Telephone:
+44 (0)1322 221144
Email:
editorial@engineeringdesigner.co.uk

Circulation
Established in 1945, The Institution of Engineering Designers
is the professional body for Engineering Designers, Product
Designers and Computer Aided Draughtsmen and Designers.
Engineering Designer is the Institution’s bi-monthly journal
sent to all Members, as well as design professionals
and opinion formers in industry, schools, colleges and
universities.
Annual subscription rates for non-Members
UK:
Single issue:
Overseas airmail:
Schools and colleges:

£68.74
£13.49
£95.74
£55.28

Disclaimer
© Copyright The Institution of Engineering Designers 2017
Unless otherwise indicated, views expressed are those of the
editorial staff, contributors and correspondents. They are
not necessarily the views of the Institution of Engineering
Designers, its officers, or Council. The publication of an
advertisement or editorial does not imply that a product

or service is recommended or endorsed by the Institution.
Material may only be reproduced in any form by prior
arrangement and with due acknowledgement to Engineering
Designer.
Notice to advertisers
It is a condition of acceptance of advertisement orders
that the publishers, MA Business Ltd, does not guarantee
the insertion of a particular advertisement on a specified
date, or at all, although every effort will be made to meet
the wishes of advertisers; further, the company does not
accept liability for any loss or damage caused by any error
or inaccuracy in the printing or non-appearance of any
advertisement. Although every advertisement is carefully
checked, occasionally mistakes do occur. We therefore ask
advertisers to assist us by checking their advertisements
carefully and advise us by the deadline given, should an
error occur. We regret that we cannot accept responsibility
for more than ONE INCORRECT insertion and that no
republication or discount will be granted in the case of
typographical or minor changes which do not affect the
value of the advertisement.

Contents

Volume 43 Number 5

Regulars

Features

View from the Chair 4

The Bigger Picture

IED Chair Tania
Humphries-Smith
reflects on how the
TeenTech awards are
helping young people
to embrace STEM

There are several key factors that influence
any engineering design process. If one of
these should be missing, the chance of
a successful product emerging is from slim
to zero, cautions Colin Ledsome CEng FIED

Handling threaded steel drilling casing and
cylindrical drilling rods can result in serious
accidents, despite the wearing of anti-crush
gloves. A new award-winning solution may
be the solution

COVER STORY
Very grand designs

Motoring ahead

Legally Speaking 26
Iain Colville of Wright
Hassall outlines the
pitfalls of using images
sourced on the internet
without obtaining the
proper permissions

The construction industry, often regarded as
resistant to change, can reduce cost, risk
and waste through design, while creating
more imaginatively conceived buildings,
argues Andrew Watts FIED, CEO of
international building engineers Newtecnic

IED News

30

The latest elections
and registrations

What’s Happening 30
Some of the recent
stories in the news

6

6

10

Winning ways

14

This year’s IED AGM and Prizegiving were
hosted by The Royal Institution of Great
Britain at its London headquarters, a
magnificent venue with a remarkable
history. It was here that our worthy winners
stepped up to receive their awards

14

17

Handling with care

17

20

The technology behind Europe’s fastest
and highest roller coaster is more evolution
than revolution, but is it game-changing for
the future design and engineering of rides?
Justin Cunningham reports

Natural allies

24

Design and engineering. Art and science.
These go hand in hand, right? Kinneir
Dufort offers its thoughts on the matter

Out of the saddle to success

28

What is the ultimate downhill position for
top professional cyclists - and at what
personal risk? Tom Austin-Morgan finds out

20

VIEW FROM
THE CHAIR

T

eenTech is the organisation co-founded in 2008 by current IED
President Maggie Philbin to “help young people understand the
opportunities in the science, technology and engineering industries,
no matter what their gender or social background”. The TeenTech
awards http://www.teentech.com/teentech-awards were established in
2012/13 to “look at problems large and small to see if they can find a better
way of doing things”.
I was delighted to be invited to become a judge at this year’s awards, in
which over 2,000 students participated, with 57% of entries being from girls.
I was judging the Manufacturing category for 11-16 year olds where the criteria
were quality of prototype, understanding of materials and manufacturing
processes and costing/target market. Initial judging was conducted online,
with the finalists attending the Royal Society in
London on 26 June where myself and my two
co-judges were able to view the work and speak
with the participants.
Talking to the students was an enlightening
and heartening experience; they oozed
enthusiasm and creativity, seeing the world with
different eyes, and thus possibilities, to myself
TeenTech awards: a vital means of raising awareness
and my co-judges. Many of them also had an
impressive understanding of materials, costing
of the wonderful careers to be had in engineering
and manufacturing processes.
Initiatives such as the TeenTech Awards are very important for organisations
like the IED, as well as to the wider engineering design sector in terms of
raising awareness and understanding of what the various sectors of STEM
actually offer. For many young people, their parents and even their school
teachers, STEM subjects – and engineering, in particular – are unfamiliar
and not easily understood when it comes to what careers might be on offer.
TeenTech suggests 43% of young people gain careers advice from parents
and a further 16% from school, so raising understanding of STEM is vital.
These figures broadly agree with some of my own research data that
indicates 53% of engineering apprentices in my local FE College gained their
careers advice from parents. However, a high percentage of those parents,
or near relations, were already associated with the engineering profession.
For students without this link, the likelihood of them entering engineering as
apprentices or via any other route is much reduced – unless, of course, they
have the opportunity to take part in initiatives such as those run by TeenTech.
If you’d like to learn more about TeenTech, go to www.teentech.com.
TeenTech is particularly powerful in encouraging girls and students from
disadvantaged backgrounds to consider careers in construction, applied
sciences, technology and engineering: something that may just help with
the skills shortage.

My TeenTech
Adventure!

Get Involved

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

Bigger

Picture
Several key factors inﬂuence any engineering design process.
If one is missing, the chance of a successful product
emerging is from slim to zero, cautions
Colin Ledsome CEng FIED

B

y the time a design team is
formed to begin work on a new
product, a series of decisions
have already been taken,
which is what led to the team being
formed. Three factors come into place
to make these preliminary decisions.
One is the perception of a gap in the
marketplace, a need to be satisfied. The
second is the current state of design
thought about the specific product field.
Third is the availability of an appropriate
manufacturing system.
Each influences the design process
itself, but a design team should only be
assigned when it is apparent that there
is likely to be a viable solution to each;
then a design brief can be formulated and
the main design process begins. If only
two, or even just one, of these factors is
satisfied, then a successful product is
unlikely, without careful consideration of
each missing factor.
Interestingly, an engineering
design team usually assumes that the
customer’s needs are contained within
the design brief, but may need refining
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to explore the details, and the
team’s job is to work out how
to make the product perform
efficiently and be manufactured
economically. A product design
team assumes that the basic
function has been defined, even
if the details have still to be
determined, but the customer’s needs for
an appropriate interface with the product
have to be explored and satisfied.
The concept becomes clearer, if these
three factors are considered as streams
flowing independently and coming
together in a confluence, which is the
start of a design project.

THE DESIGN STREAM
In theory, the origin of the design of the
product derives from the perceived needs
of a customer or a group of customers.
In fact, a design may actually originate in
a number of ways:
● An existing product is dated and
needs to be replaced
● An existing range of products can
be extended

● Manufacturing capacity is becoming
free and needs something to do
● A new market is opening up or old
one closing down
● The company wants to expand
● Another project has ended and the
company involved doesn’t want to
lose expertise
● A design contract has been
advertised/won
● Someone has had an idea for
something new
● A competing company is producing
something new
● And more …...
Some of the decisions taken at this
early stage are based on assumptions
that may not be correct. There are also
implicit decisions, which have been
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with a mixed team gives the opportunity
for one to have the required focus and so
introduce that view to the rest. Staying
abreast of the latest design thinking
is best done by a process of mutual
education.

THE MARKET STREAM

www.ied.org.uk

forms of design. Designers are influenced
by the work of others and the general
range of products already available. They
note the concepts and details that
make other products successful and
incorporate them into their thinking.
They may believe they can improve
on them or perhaps deliberately do
something different. This applies to
jet engines and computer software,
as much as to consumer goods
and architecture. However, as in
any broad-based profession,
individuals can become
focused by their experiences
and so tend to see the
details they can relate
to and miss potentially
important points they fail
to recognise. Working

Pictuers: AdobeStock

given little or no consideration. The
first task of a new design team should
be a re-examination of the reasoning,
assumptions and validity of these initial
decisions. Only then can a realistic
statement of the user’s requirements
be made and a detailed initial design
specification be drawn up.
Recently, the importance of caring
for the environment has influenced the
efficient use of materials and the design
of products to have a significant value
at the end of their lives in service, by
their components being useful in further
products. For this system to have a
long-term future, it is also incumbent on
designers to consider components from
end-of-life products as part of their design;
provided they can be made available in
sufficient quantity and quality.
There are trends and fashions in all

Ideally, a survey of an appropriate market
would reveal a need to be specified and
met by the design process, resulting
in a successful product that meets the
need. In fact, the market is a nebulous,
continually changing, environment and any
survey can only capture a partial snapshot
of the situation at a particular point in
time. The market analysis must somehow
define a future gap that matches the
projected capability of the organisation to
fill it. It may be a new or modified version
of something that already exists or, rarely,
something completely new, which can only
be assessed speculatively. If it succeeds,
it is hailed as an innovation. If it fails, it
may set up a design, which will, in turn,
fail disastrously. The oft-quoted example
of failure is the Ford Edsel, 1958-60,
which was the result of a misinterpreted
survey. Potential customers were asked
what they wanted in a car and the results
averaged to find an ideal car. No one
wanted an average car and thousands
were left unsold. The costs almost
bankrupted the company.
Sometimes the process is reversed
with a concept for a product, perhaps
made possible by a new technology
being discretely tested to see if it has
any prospect of succeeding. A history of
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surveys over time may reveal a longerterm pattern of change, and it then
becomes possible to forecast a need and
so get ahead of the market. The danger
is that some unappreciated factor will
change the market and the investment
will be lost.
The market need is influenced
by many things, such as the budget
available, the fashion for a particular
product, competing products, purchasing
confidence in the general economy,
as well as the individual or corporate
circumstances of each purchaser.
These apply even for a bespoke product
produced under contract for a specific
client. Human beings make decisions
to purchase and they are subject to
many influences, not always logical or
justifiable. Any product not immediately
available from existing stock will take
time to design and manufacture. During
that time, the market will evolve and the
customer may modify their requirements
or even decide not to go ahead with the
purchase. Thus, it is important that any
survey of market requirements attempts
to predict needs at the time the product
is likely to become available.
Different sectors of the market change
at different rates. Where there is a lot of
competition, as in the current consumer
electronics market, each manufacturer is
trying to provide features to make their
product stand out from the rest, while
also playing catch-up with the features
others have. Often, new features are
added simply because they can and then
advertised as desirable. The industry is
leading the market.
In more slowly changing, long
established markets, with little
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competition, standard methodologies
and compatibility requirements
restrict the flexibility needed to
introduce something radically new.
This is happening with rail transport.
The existing extensive networks use
equipment that is historically compatible
on continent-wide scales. This has
constrained the introduction of very
different systems, such as mag-lev
and other traction systems. The market
demand for faster, more efficient,
transport has led to pressure for a
growing investment in new technologies,
despite the long history of investment.
The market is leading the industry.

THE MANUFACTURING STREAM
The system for producing new products
changes slowly and often expensively, as
demands change. For smaller numbers of
products, the new design will have to fit
the existing facilities that are available,
either within the organisation or on
contract. They will also have to compete
for the availability of those facilities with
the manufacture of other products. For
large numbers, a bespoke production
system may be put in place, but the
costs of those investments must come
from the expected revenue the product
will produce.
New materials and manufacturing
techniques influence the designer’s
understanding of what can be done.
Sometimes a new method of material
treatment can reduce the price or
increase the availability of a material,
making new production systems viable.
A good example is the introduction of the
Bayer process of producing aluminium
in the late 19th century. Prior to that,
aluminium was regarded as a precious
metal, ranked with gold and silver. It
began to be produced in quantity in the
1940s for the aircraft industry. Now we
use it for throwaway packaging, ranked
with plastic bags and cardboard boxes.
Manufacturing evolution is dependent
on the processes being developed. In
recent years, additive manufacture (3D
printing) has evolved from the production
of small plastic models and prototypes
to be a major component of mainstream
manufacture. The process can produce
parts within parts in ways previously

impossible, in a wide range of materials,
including many metals and even diamond.
Many remote operations, including polar
expeditions, military exercises and work
on the International Space Station, are
stocking only raw materials. If they need
a part, they can make it quickly, using
additive manufacture equipment. This
replaces the need to keep large stocks of
replacement parts or wait for a new part
to be delivered. Additive manufacture can
sometimes introduce problems in quality
control and functional verification where
internal components are not accessible
for checking.

CONFLUENCE
Each of these three streams is
continually changing and a product will
only be a success in the marketplace, if
all three are favourable at a time when
the projected market demand still exists.
Many products are killed off at an early
stage by pessimistic views of one of the
streams, especially on cost grounds,
and often by cautious managers with
little experience of the design capability.
The three streams do not flow on in
isolation; each influences the other two
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which monitors these three streams to
see how each is developing can have a
clearer picture of which products are more
likely to succeed and hence where to put
a greater focus.

EDUCATIONAL ASPECTS

and is itself influenced by many other
factors. Manufacturing evolves slowly
with step changes when new materials
of techniques become available. Those
changes influence designers, who may
want to exploit them. In the market,
customers may believe that new product
features are possible before they have
been fully developed.
The market changes rapidly, influenced
by every new product, particularly if they
project a certain style of performance
or appearance. The perception of needs
is also influenced by the ever-changing
perceptions of the potential customers.
This is reflected in design briefs with
requirements to match, blend in with
or stand out from associated products.
These demands may force changes in
manufacture to meet new demands for
shapes and finishes that require an
alteration to the processes or simply
unexpected changes in the rate of
production. This can prove an expensive
addition to an investment commitment.
Design evolves at a rate dependent on
the design cycle. For products with a short
design time from concept to market, the
challenge is to produce something with
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perceived novelty to overtake market
rivals. For very short cycle times, ‘fashion’
becomes a major factor, even if only
in customer perception. Thus, mobile
phones may be replaced, even though
the ‘new’ phone only has a different case
from the ‘old’ one, the internal functional
parts remaining the same. Some
manufacturers simply sell new cases,
which can be easily exchanged with the
old. As design times get longer, a product
becomes established in its market more
slowly and, if it is seen as ‘better’ than
its rivals, it may remain in the market
for some time. Sometimes ‘classic’
designs, which work well, can effectively
stop further development for years. (The
diamond frame bicycle was the only
design available for some 40 years.)
Classic designs may be reintroduced
to meet a nostalgic desire for a wellremembered product. (The current
demand for the Nokia phone designed
some 20 years ago.) Long design times
usually imply a more complex and
expensive product, produced in smaller
numbers for a specific market. These
differing timelines influence both the
market and the manufacturing activities.
A design practice, in whatever market,

Most design projects for students, in both
engineering and product design, begin
with tacit assumptions about two of the
streams. The market need is defined,
or a client requirement specified, and
manufacturing is assumed available.
Occasionally some simple market research
is undertaken, but time constraints usually
make this superficial. The extension of
design understanding is the aim of the
project, so that stream dominates the
project. However, promoting the habit
of looking at the broader context within
which the project sits will help students
to ask more relevant questions of the
original proposals and perhaps enhance
the design; or even design something
different. Specific exercises to explore the
marketing and manufacturing streams in
some product context could pay dividends.
Even the many influences on the design
stream itself are worth examining to allow
students to realise a subtle bias in their
thinking and perhaps persuade them to
consider a broader range of concepts.
It is important to let the students
themselves explore their learning experience
both together and individually. This helps
reinforce what they have learned. Once they
are qualified and move into professional
practice, an understanding of these three
streams will enable them to be more
useful recruits, raising the prestige of the
qualifications they have.
Students should be aware of the
factors that influence the decision to
design something, not just be given a
brief. Understanding these influences will
help them to form a better concept of the
direction the design process should take
and hence produce a more appropriate
design, more efficiently. The scope for
research into where new product ideas
come from could help industry to stay
ahead of the market and remain viable,
as well as allowing the academic world to
provide a more worthwhile experience. This
is a vital precursor to the design process,
but has received relatively little study.
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Very

GRAND
DESIGNS
The construction industry is now reducing cost, risk and waste
through design, with new research and practices delivering
innovation – from concept to fabrication and operation

B

ecause industry players
perceive it as increasing risk,
the construction industry is
notoriously resistant to change
through technology adoption. The idea
of following tried and tested solutions is
almost universal, because ‘if it worked
before, it will work again’. This attitude
has restricted industry progress, producing
waste of up to 50% on many projects. And
negative environmental impacts, caused
by easily correctable inefficiencies, persist
as long as the building stands.
“Industry players and stakeholders
are mistaken in the belief that new
methods and technologies present
increased risk,” says Andrew Watts FIED,
CEO of international building engineers
Newtecnic. “In fact, the opposite is
true, because by using technology it is
possible to reduce risk, while creating
more imaginatively conceived buildings at
lower cost that use less energy, are more
durable, look better and are interesting to

inhabit. They also take less time to make
and, on completion, appear effortless.”
This seemingly impossible list of
advantages has been proven across the
world, he adds, where, in partnerships
with developers, architects and engineers,
collaboration over data reveals absolute
truths about buildings. Much of this
technology was developed to facilitate the
highly complex structures of Zaha Hadid
Architects and others who seek to defy
convention. Such audacious geometry,
comprising curves and sweeping planes,
cannot be built using traditional methods.
And by engineering these structures,
new technology and practices have been
devised that have revolutionised the
construction of many buildings.
Examples of such engineering in action
can be seen in the three breakout panels
in this article, which look at the KAFD
Metro Station, Riyadh, Saudi Arabia; the
Grand Théâtre de Rabat, Morocco; and
the K. Çamlica TV Tower, (KCTV Tower)

ABOUT NEWTECNIC
Newtecnic is a world leader in the engineering design of complex, highly ambitious construction
projects and advanced building envelope systems. The company is an engineering design house
that undertakes the engineering design of building structures, facades and MEP (mechanical,
electrical and plumbing) installations in partnership with leading international developers,
architects and contractors.
Founded in 2003, its design professionals team is solely dedicated to the design and
engineering of structures facades and MEP. In partnership with the Engineering Department
of Cambridge University, Newtecnic’s R&D team, based in Cambridge, analyses, develops, tests,
validates and specifies new building technologies and methods.
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Grand Théâtre de Rabat, shown in the
future undergoing its regular 15-year
maintenance in 2032 (image: Newtecnic).
See panel on page 12.

Istanbul – all projects in which Newtecnic
is involved.
“The use of engineering algorithms is
similar to the use of tools in C14th gothic
cathedrals – callipers, plumb line and a
set square, with which builders created
magical effects,” states Watts. “Modern
technology is simply an up-to-date tool.
There is a continuum of ideas and tools
in architecture, even though many people
treat history as a free toyshop, rather
seeing themselves as adding to the
wealth of past experience.”
In practice, architects and developers
use their local knowledge to imagine
culturally appropriate buildings. The
universal truth of mathematics is then
applied to minutely examine myriad
details, because, says Watts: “In
buildings, a lack of understanding of those
details adds cost and complexity at every
stage of construction and operation.”

FLEXIBLE INSIGHTS
Arcs in curved buildings are inherently
rigid. However, their flexibility can, when
properly understood, result in a distinct
number of advantages to structures
and the commercial ecosystem that
produces them.
Arcs can be made from thin, light
material that enhances structural integrity
and sparks creativity from the endless
possibilities that their profiles offer.
Watts adds: “That means completely
new shapes can be developed and their
behaviours precisely known before they
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KAFD METRO STATION, RIYADH, SAUDI ARABIA

have been physically made. The whole
building can then be optimised to accord
with any other functional parameters.”
When design is freed from
traditional industry practices, shapes
and components can be based on the
interpretation of physics and mathematics.
And, they can be ‘generatively’ created.
As Watts explains: “Rather than being
designed by a single person, geometry
is created under the guidance of the
engineering designer based purely on
its function. In many cases the shapes
have never been seen before yet they are
perfectly suited to purpose. Generative
designs are often the starting point for
human designers to adapt these shapes
and to be inspired to develop new types
of façade and detailing.”

DESIGN PERFORMANCE
Many landmark commercial and cultural
buildings represent the aspirations
and dreams of developers, architects,
governments and owners. They want to
build ideal structures with the confidence
that projects will deliver in terms of
design, performance and cost. They
also want to fully understand risk. It is
therefore crucial to find, explore and solve
potential problems at the earliest stage.
This is achieved when newly developed
algorithms and methods are deployed.
Based on sound engineering principles
these methods examine the physics
of components and junctions allowing
a realistic examination of potential
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The design of the envelope of the KAFD Metro
Station was driven by the need to provide a
weather-tight and thermally insulated envelope
around a supporting structure. The geometry
of the envelope is not driven by a structural
primitive that seeks to provide structural
efficiency, but by the requirements to enclose
the interior space with the minimum amount of
internally air-conditioned volume. Consequently,
the zones for the depth of the façade and
its supporting structure are required to be
minimised to contribute to this concept.
The envelope system is driven by the
need to minimise installation time through
prefabrication while achieving a highly durable
facade assembly.
In order to fix each cassette module to the
supporting steel structure, the principles of
‘spider’ fixing technology have been utilised to
ensure high levels of adjustment and flexibility,
but avoiding the use of a casting, with its higher
costs, by using two independent elements fixed
to a single threaded bar. This technology is
derived directly from fixings for glazing panels
which are supported on cables or lightweight
steel structures. These ‘spider’ fixings are used
to accommodate high levels of movement of the

supporting structures at serviceability, without
generating stress concentrations at the points
of support. The movement and adjustability is
achieved by means of a ball joint located at the
end of each spider leg which allows a limited
degree of rotation.
The geometry was rationalised through a set
of early stage iterative studies that introduced
a slight double curvature in the perforated
parts of the envelope which were subjected to
larger deflections. This allowed a significant
reduction in the size of the steel of the primary
shell structure for these areas, without visibly
changing the architectural intent. These studies
were made possible as a result of applying
the results of a preliminary finite element (FE)
analysis of the building to the structural model
of typical areas of façade.
The project required the use of a set of
current technologies to achieve the weather
tightness of the building and coordinate
economically with the supporting steel
structure, avoiding the need to generate a
project-specific technology. The use of wellunderstood components enabled a higher level
of optimisation of the assembly in order to meet
the durability requirements for the façades.
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GRAND THƒåTRE DE RABAT, MOROCCO
Grand Théâtre de Rabat: overlay
of primary structure, façade
structure and façade cladding
panels in 3D model.

As part of the programme of cultural development
in Morocco, and inspired by the Bouregreg River,
the dramatic sculptural form of the Grand Théâtre
de Rabat in Morocco incorporates a 1,800 seat
theatre, 7,000-seat amphitheatre and a smaller
experimental performance space. Clever use of
GRC panels meant the fluid design envisaged
by architect Zaha Hadid was successfully
interpreted, resulting in the addition of a cultural
venue of the highest standards for the city of
Rabat in Morocco.
The main envelope system for the Grand
Théâtre project is based on an opaque glassfibre-reinforced concrete (GRC) rainscreen
cladding, fixed to the primary structure, which
is a mix of reinforced concrete and steel. The
main driving parameter for the design of the GRC
system was the required 60-year life-span of the

envelope system. This required the use
of monolithic GRC panels, which were up
to 4 × 2m in size, which did not need the
conventional steel backing frame to be cast in
underneath the panel.
Computational Fluid Dynamics (CFD)
analysis for cladding pressures was undertaken
and subsequently validated by an early stage
wind tunnel test. This analysis allowed the use
of realistic values for wind loads, which drive
the stress and deflection analysis of the panels
while taking into full account the effects of the
geometry of the building.
Structural calculations for each component
were undertaken for each project-specific
configuration by using finite element modelling
and scripting to automate the structural analysis
process for all panels. The design of the
adjustable steel fixing bracket was conceived
so that only one fixing type was used across
the whole project, which would minimise cost.
Physical tests were designed to validate a single
design for the connection between GRC panels
and steel fixings, which could be used safely
across the entire project.

Grand Théâtre de Rabat: 3D rendered view
of prototype of GRC panels and secondary
steel structure, designed by Newtecnic.

problems, their resolutions and outcomes.
One example of this is the analysis of
the relationship between concrete and
steel building components. Because these
behave differently under load and stress,
and it is often at the junctions of these
two materials that problems such as leaks
in the facade or micro--cracking in the
concrete can arise, mathematical methods
have been devised to understand the
real-life consequences of different design
options. Using algorithms
removes guess-work from
the construction of complex
buildings.
“These risk-reducing
solutions have a parallel with financial
analysis models, which find the ‘gaps’
inside data to solve problems and create
new solutions to problems that have not
yet been fully defined,” says Watts. “In
a building, the forces of compression,
tension, shear and buckling must be
understood and controlled. And it is by
solving these interrelated energies that
unexpectedly elegant solutions arise.”

NO SURPRISES
When these aspects of the building are
explained to architects, developers, clients
and city partners, creative possibilities
expand and risks reduce, because there
will be “no surprises”. Also, because
these revelations are made available to all
stakeholders, including building component
manufactures, they more fully understand
their role and the levels of risk that they are
undertaking. Watts adds: “This increases
confidence throughout the supply chain by
removing the uncertainly that so often leads
to disputes between stakeholders,” he
states. It also has the positive advantage of
showing regulators, planners and the public
exactly how the building will perform far in
to the future. This is possible by simulating,
wind load, weather events and energy
consumption for decades ahead.

LIGHT AND AIR

The form of the concrete supporting structure closely follows the geometry of the façade
panels. This allows the supporting ﬁxing brackets for these panels to be very economic, since
no secondary structure is necessary between primary structure and façade.
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Around 40% of the world’s energy is
consumed by buildings. It is therefore
important to understand how to reduce
consumption. This can be done by
modelling climate in relation to the
building and analysing the structure’s
thermal conductivity, weather
tightness and airflow. Glazing is also
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a significant factor in controlling the
inside temperature. By taking these
considerations into account, a balance
can be achieved that reduces energy
consumption and makes the building
a better place to be.
“While it may be thought that more
glass equals more light, it is possible
to reduce the amount of glazing without
affecting interior light levels to create
interesting illumination, shadow and
consequent cooling effects as a result,”
Watts explains. “In the hot-climate
construction projects that we work on,
airflow and cooling are key priorities. In
many cities, urban pollution levels mean
that windows cannot be opened, so the
‘standard solution’ is often to install
more air conditioning, with all its inherent
commissioning, maintenance and longterm operating costs.
“However, buildings can and do
successfully operate as their own
supplementary cooling systems by
allowing filtered air to naturally circulate
throughout the interior. This possibility
stems from designing the building and
its façade to maximise airflow. When
algorithms automatically generate designs
based on airflow, the outcomes are
genuinely unique and often very beautiful,
as well as being literally cool.”

CONSTRUCTIVE THINKING
It might be imagined that this way of
conceiving, designing, making and
operating buildings is exotic and therefore
more expensive. “It has been proven
on many of our partnerships that the
opposite is the case,” he points out.
A significant contributing factor to cost
reduction is that quality-assured and
validated building components can be
made in factories for onsite assembly.
“The global construction industry is
growing fast and we are proud to be
contributing to Britain’s export success
in this sector. “Some truly innovative
buildings have been constructed in recent
years and cities are clamouring for more,”
he asserts.
“In this time of huge opportunity, it the
responsibility of the construction industry
to examine first principles, and consider
how today’s buildings, developers,
designers and owners may be judged
a century from now.”
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K. ‚AMLICA TV TOWER, (KCTV TOWER) ISTANBUL

The high-rise nature of the KCTV building
(approximately 300m) is at the core of the
design and analysis for the envelope system
enclosing the primary concrete structure, whose
principle purpose is to support the antenna TV
mast. In addition, the tower has ten accessible
floors, including a restaurant space on its upper
part. The use of these floors requires deflection
limits to be controlled to ensure comfort and
serviceability for the building occupants. The
highly modelled form of the building, together
with its significant height, determines an
essential part of the behaviour of both structure
and envelope, the design of which is driven by
the effects of wind.
The project’s location at the top of a hill
makes it subject to high wind speeds. The
complex geometry of the tower requires detailed
understanding of wind effects, which include
the dynamic excitation of the tower.
The envelope uses an innovative unitised
system that integrates thin glass fibre reinforced
concrete (GRC) rainscreen panels, stiffened
by a steel frame that is fixed directly to a steel
framed insulated backing wall.
The key parameters informing the design of
the envelope system are speed of installation,

which determined the use of fully unitised
panels with integrated exterior cladding,
and accommodation of movement, which is
provided using unitised joints that are designed
to sustain the required amount of movement.
From the computational fluid dynamics
(CFD) study, preliminary structural loads were
established by averaging cladding pressures
across representative areas of the building
and applying the corresponding pressure
distributions as load cases in the structural
finite element model.
Due to the height of the building, a wind
tunnel test was undertaken during the early
stages to establish peak cladding pressures.
This allowed the design to develop accurate
sizes of façade components from the first
stage studies, providing the data to optimise
the envelope build-up and obtain an accurate
understanding of the impact of the façade loads
on the structural behaviour of the concrete
structure. Wind tunnel testing provided a tool
for calibrating the CFD studies, which were
aimed at exploring the dynamic response of the
tower under wind effects, due to its irregular
geometry, to calibrate the stiffness of the
primary structure.
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WINNING
WAYS…
This year’s IED AGM and Prizegiving were hosted by
The Royal Institution of Great Britain at its London headquarters,
a magnificent venue with a remarkable history

T

he Royal Institution of Great Britain – venue for this year’s IED AGM and
Prizegiving – has a distinguished history and tradition. Founded in March 1799
with the aim of introducing new technologies and teaching science to the
general public, its Royal Charter was granted in 1800.
In 1802, Humphry Davy was appointed Director of the Laboratory. Davy had made
his name by discovering the physiological action of nitrous oxide (laughing) gas. In the
same year, he became Professor of Chemistry, firmly establishing the Royal Institution
as a popular venue for first-rate lectures.He also established scientific research as
a crucial feature of the Royal Institution.
After relinquishing his directorship, Davy was made Honorary Professor. He went
on to invent the miner’s safety lamp, with Michael Faraday’s assistance. During an
intense period of work from October to December 1815, they built and tested a series
of prototypes before settling on the final design. Faraday then went on to discover
electro-magnetic induction, amongst many other achievements.
For a full and fascinating account of the RI, see: http://www.rigb.org/our-history

THE AWARDS…
Medals of Appreciation:
Medals of Appreciation are from time
to time presented for outstanding
contributions to the work of the Institution.
On this occasion, Council were very
pleased to make the following awards.

Institute. When Council formed ‘Project
Courtleigh’ to look at ways of developing
the asset that is its HQ, she volunteered
to join the working party. Her attendance
at meetings and expert contribution have
been invaluable. Her medal was presented
to her by IED President Maggie Philbin.

Sarah Castle

David Maffin

Sarah is a Chartered Town Planner and
a member of the Royal Town Planning

David has been a member of IED since
1997. He joined the Membership

BA(Hons) PG Dip MRTPI

BEng PhD CEng MIED(PCh) MRINA MAPM

Committee in 2002, and in 2005 was
elected Chair of MEMCO and co-opted
as a member of Council and Executive
Board. He has been a very proactive
member of Council, in particular making
a pivotal contribution to the work of the
Strategy and Communications Working
Group. Due to his other professional
and personal commitments, David has
regrettably felt it necessary to step aside
from Council, but continues to volunteer
in other capacities.

Jim Waterfall

MSc CEng CEnv CTPD FRAeS FIED

Jim, pictured right, joined the IED in
2000, registering as an Incorporated
Engineer whilst head of structures and
materials at GKN Westland. He has
gained a wide range of professional
qualifications, including Chartered
Engineer, Chartered Environmentalist
and Chartered Technological Product
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teenager whose rare genetic condition
has left him with no hands or feet. Ruby
and Ross spent six months creating an
ingenious touch-sensitive iPad to allow
Graham, who suffers from locked-in
syndrome, to communicate easily with his
wife. Down in Somerset, Jude and Zoe
dug out deep research into the whys and
wherefores of modern sheep rustling, then
hit the drawing board to design and create
a Bluetooth transmitter to be secreted
inside the animal, which establishes its
GPS for the whole of its lifetime.
Big Life Fix is engaging and inspiring.
Its ideas aren’t always widely applicable
– Oscar’s bike won’t work for many other
punters – but they’re always deeply
humane and they showcase the ingenuity
of design to the general public, which
is why this award went to executive
producer Tom Watt-Smith and his team.

The Founder’s Award:
Chris Dowlen
BTech PhD CEng CTPD FIMechE REngDes
FIED FRSA PFHEA

“The format of this energetic and affirmative
programme is that big-life problems can be fixed
by designers.”
Designer. Jim became Chair of the
Membership Committee and a member
of Council in 2007, serving for three
years in the post, and continues to serve
on the Committee, including mentoring
developing designers and guiding
individuals at registration days.
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Promotion of Design Award:
Big Life Fix Team
and Studio Lambert
The format of this energetic and affirmative
programme is that big-life problems
can be fixed by designers. For example,
Yusuf built a BMX bike for Oscar, a young

Chris Dowlen, pictured below, started his
career in the motor industry at Triumph
and British Leyland Research. He spent
over 30 years at what is now London
South Bank University, where he ran
and developed Engineering and Product
Design courses. At South Bank, he led
design and mechanical engineering teams,
and supervised Knowledge Transfer
Partnerships. He chaired his faculty’s
Learning and Teaching Committee and
contributed to SEED, ICED and E&PDE
conferences. Chris’s subject interests
are design methods and thinking, but
he has not forgotten his automotive
roots and has just completed his PhD
in Design Paradigms in Car History. It is
for his contributions to Council and other
Committees that he was presented with
the Founders Award for 2017.
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‘Inspire, Support and Achieve’ Award
(Gerald Frewer Memorial Trophy):
Steven Kyffin

The Geoff Kirk Young
Members Award:
Jake Haggerty

The Kathbert Trophy:
Karsten Heard
RCADMan IEng MIED

HonDocCL MDes RCA FRCA BAHons

EngTech MIED

Steven Kyffin is currently the Pro ViceChancellor at Northumbria University.
Previously, he was Senior Director of
Design Research and Innovation at
Philips Design in The Netherlands, where
he was a member of the Philips Design
Global Leadership Team, responsible for
design research for Philips Electronics
world-wide. He also led the Philips Design
European Commission Research and
University Relations Programmes.
Steven holds the poetics and
complexities of design thinking and
practice in this most sophisticated of
industries in fine balance, by virtue of his
own career path and personal philosophy.

Jake Haggerty, a pipeline designer at
Chicago Bridge and Iron (CB&I), has
worked on several large-scale oil & gas
pipeline projects, including the SCPX
pipeline now under construction. SCPX
consists of two new compressor stations
and around 490km of additional 48-inch
diameter pipeline across Azerbaijan and
Georgia, which will increase production
of the existing SCP Pipeline from
Shah Deniz gas fields to the Turkish
grid. Jake completed the City and
Guilds in Computer Aided Design and
Manufacturing in 2013 and, in 2015,
gained EngTech registration and full
membership of the IED.

Karsten Heard is CAD and Technical
Manager at PKL Group (UK) Ltd in
Cheltenham. He has studied for and
achieved a Higher National Diploma
in mechanical engineering and a
Postgraduate Certificate in Catering
Systems Design and Planning. Since
2004, his progression at PKL has
enabled him to work on many diverse
and challenging projects in the field
of modular buildings and commercial
kitchen design. Another interesting
aspect of Karsten’s work is the design
and construction of athlete dining
facilities for many major events,
including the Beijing, London and Rio
Olympic Games.

The Hornsby Cup:
Tim Fryer

The Alex Moulton Award:
Cyclehoop Ltd

Chairman’s Award:
Tony Keegan

The Hornsby Cup for the best article
published in Engineering Designer went
to technology journalist and editor Tim
Fryer. He recently joined the Institution
of Engineering and Technology as
Technology Editor of E&T and prior to
that was Editor of well-known engineering
magazine Eureka! The members of the
Editorial Committee reviewed all the
articles published in the IED’s journal
during 2016 and agreed that Tim’s article
was the outstanding piece for the year.

Cyclehoop specialises in innovative cycle
parking solutions and infrastructure, and
was founded in 2008 by award-winning
architect Anthony Lau (pictured receiving
the award). Anthony designed the
Cyclehoop which won the ‘Reinventing
the Bike Shed’ competition in 2006.
Since then, he has designed a range
of products to help make cycling safer,
secure and more convenient, from bike
shelters to custom bike racks, indoor
bike storage and much, much more.
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Tony Keegan received the Chairman’s
Award in recognition of the outstanding
contributions he has made, and
continues to make, as Honorary
Treasurer of the IED.
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Collecting the Health and Safety Award, from left: representative
from award sponsor Groundforce; Steve Mackereth, Nick Reichelt
and Adrian Barby-Moule from Structural Soils; and comedian and
actor Marcus Brigstocke, who presented the award.

HANDLING
WITH CARE
Handling threaded steel drilling casing and cylindrical drilling rods can result in serious accidents,
despite the wearing of anti-crush gloves. A new award-winning solution may be the solution

S

ite investigation services
contractor Structural Soils (an
RSK company, with teams based
in Bristol, Glasgow, Castleford
and Hemel Hempstead) was recently
named the winner of two awards: Ground
Investigation Project with a Geotechnical
Value of over £500k and the Health
and Safety Award at the 2017 Ground
Engineering Awards. The former was a
joint win with design, engineering and
project management consultancy Atkins;
management consulting services company
Arup; and client Horizon Nuclear Power.
Structural Soils’ Health and Safety
Award win is well worth looking at in some
detail. This was for its manual handling
solution – a one-piece, lightweight,
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adaptive, one-size-fits-all plastic tool. The
technology enables operators to lift any
dimension and length of metal casing,
without having to place their hands or
forearms in the hollow steel tube.
It enables two people to lift the casing
securely, thereby removing the risk of
contact with potentially sharp threads, and
with correct posture while walking across
uneven ground. The tool is made out of
one piece of plastic without moving parts,
so is simple to use and has little to go
wrong. The way the tool is lifted causes its
jaws to tilt, thereby locking the casing in
place while being carried.
“We identified the need to find a
solution to a long-term manual handling
issue in the drilling part of the business,”

comments Structural Soils drilling
manager for the south, Nick Reichelt.
“Carrying casing was responsible for most
minor and occasionally more serious hand
injuries. Staff engagement was critical in
designing and evolving the optimum tool
for the job, which all our crews now use.
An additional benefit of using the tool is
that it naturally imparts a better posture
for carrying, thereby helping to alleviate
another cause of injuries on-site.”

CASING GRIPS
In 2015, it became apparent from
analysis of near-miss and minor accident
reports that a significant number of
minor injuries were being incurred by
staff who were handling threaded steel
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drilling casing and cylindrical drilling
rods, despite the wearing of anti-crush
gloves. “Conventionally, this equipment
is stacked either on trestles, trailers or
the ground during transportation and
storage before use,” explains Reichelt.
“It is normal for two individuals to lift the
equipment, one either end, each grabbing
one end by inserting part of their hands
into the tube.
Injuries were being incurred by cutting
on sharp threads or burrs, or by crushing
when the tubes rolled against one
another or the side of the trestle during
a lift. We realised the need to develop a
system to eliminate these injuries,” he
adds. In early 2016, a hand safety standdown campaign was rolled out to focus all
staff on the risks related to injuring hands
and fingers and thumbs.
This campaign resulted in a surge of
reporting of near misses and minor plaster
non-first-aider treatment, and ongoing
discussion relating to the difficulties with
handling downhole equipment.
The actual number of handling injuries
was higher than had been recorded in the
reporting figures for 2015, but enabled the
rapid assessment of the main root cause
– intrinsically sharp and difficult-to-handle
equipment.
“Lacerations and crushed soft issues
and minor fracture injuries were the most
commonly recorded issues on-site,”
adds Reichelt. “Improved glove selections
were rolled out, but the pinch points,

A Structural Soils project underway in Scotland.

metal shards and number of reported
back injuries while carrying downhole kit
continued to rise; an engineered solution
was urgently required.”
Structural Soils’ drilling department
set about finding a resolution to this
increasing number of hand injuries,
especially in relation to drilling casing
and rods, often transported in stillages
delivered to the work site by lorry or
trailers. “Something was needed that
separated the operator’s hand from direct
contact with the drilling tool. The solution
needed to be simple, robust and, ideally,

When the casing grips are twisted and locked against each other, as shown, the lifting
position is more comfortable for the operative and increases the grips’ hold to 65kg each –
more than the average human hand can grip while wearing gloves.
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without moving parts, as drilling tools
are often coated in thick mud that might
affect moving parts. Various models
were considered before the simplest
grip-handle tool was considered for
development,” he continues.

PROTOTYPES PRODUCED
A wooden prototype was built in the
Structural Soils in-house workshop from
heavy-duty marine plywood and discussed
with end-users. Consequent modifications
to increase the depth of the handle
fingers grips were tested by an individual
wearing heavy-duty gloves to ensure that
personal protective equipment use did
not compromise the design. The slot for
the casing threads was deepened and the
angle steepened to improve the grip.
“When the wooden prototypes were
tested, feedback from the team of
end-users was that these handles had
immediately improved their posture by
enabling the casing to be carried by
people of different heights with less back
strain potential, as the casing was at
a suitable height position to keep their
backs straight and did not increase strain
on the lower back areas.
“Early designs were discussed with
our in-house CAD Team, measurements
taken and a technical drawing suitable
for submission to the machining
subcontractor was created. After
discussions with some of the health

www.ied.org.uk

SITE INVESTIGATION

The aim: to reduce the number of hand injuries.

Nick Reichelt, Structural Soils’ drilling manager for the south.

“If the trials proved successful, these were likely
to have a wide potential for procurement within
the ground investigation industry”
and safety team, and reviewing the
drillers’ feedback on the original
prototype, it was decided six possible
designs would be put forward for testing
to work out the most ergonomic design,
as well as the safest, by incorporating
some minor changes to each to try to
dial into a final design. The drawing was
sent out to various staff members for
comments and two final designs were
decided on.”
Wood was clearly not durable enough
to survive protracted time in wet and
abrasive conditions. Various materials
were considered from which to form the
next generation. Metal was too heavy and
uncomfortable, so plastic was adopted.

WIDE POTENTIAL
A subcontract engineering machine shop
in Bristol was selected to manufacture the
tool. Following face-to-face discussions,
they were enthusiastic about involvement
in a research and development project,
and understood that large-scale orders
were a way off. But, if the trials proved
successful, these grips were likely to
have wide potential within the ground
investigation industry. “The manufacturer
added value before the design was
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sent for machine production by making
suggestions about material suitability,
thickness, wear potential and ease
of machining,” states Reichelt. “They
initially ran a single batch of both of the
designs and subjected them to basic
destructive testing. The preferred design
at the time had to be abandoned and the
reserve design pushed forward, as the
hand grip area, although more ergonomic
for removing a hand from, pushed the
limitations of the base material too far and
caused it to snap with minimal loading.
“Being completely enclosed added
extra rigidity to the casing handle,
increasing its breaking strain by 70%.”
After the theoretical design process,
10 sets of the V1 casing grip were made.
Initial feedback from a short trial with endusers was promising, but this version was
found to have some limitations:
● The jaw sometimes slipped, as they
were only a tight fit on one type of
drilling casing
● Nylon, being self-lubricating, increased
this slippage
● The handle area was small for large
hands wearing gloves.
V2 was produced shortly after, with
some changes. The jaw design now had

larger teeth over a greater distance, with
the jaw tapering toward the rear. Hand
grip was increased.
V3 was then developed, following
further feedback from the end-users:
● Some form of protection for the
upper area was required when lifting
casing from stacks to stop the risk of
entrapment when holding the handles
● The jaw was rethought, as the V2
handles still slipped. Instead of
relying on teeth to grip the casing, the
upper area of the jaw was changed
to curve by 4 degrees along the jaw
area. This pushes the casing down
into the toothed lower jaw, resulting
in a gripped and pinched action. That
action is increased by twisting the
grips onto the casing.

THE END GAME
Since those three versions, a V4, with a
rounded and knurled top handle to add
further comfort and grip, is undergoing
production. “End-user feedback has been
key in the development of these casing
grips,” says Reichelt. “First, to ensure
they are effective and, secondly, to
engage with the end-users and embrace
their experience in using the casing grips.”
The goal, he confirmed, is to roll out
V4 later this year and to supply these to
subcontractors working for Structural Soils
before distributing them across a much
wider user base.
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ROLLER COASTER DESIGN

MOTORING
AHEAD
The technology behind Europe’s fastest and highest roller coaster
is more evolution than revolution, but is it game-changing for the
future design and engineering of rides? Justin Cunningham
offers the following insights.

R

ed Force is Europe’s fastest
and highest roller coaster, but
this pales into insignificance
when compared to the ride’s
truly brutal acceleration. Pulling a
whopping horizontal 1.35G during initial
acceleration, thrill seekers are accelerated
from 0-100kph in around 2s, and within
5s the coaster is at its top speed of
180kph.
A rapid vertical ascent follows that
sees riders slow for just long enough to
take in the stunning view from the ‘top
hat’ of the coaster at its 112m crest.
This doesn’t last long, however, as the
ride vertically plummets back to Earth
accelerated by nothing more than gravity.
As the coaster swoops down and levels
out, those on board feel 4G of downforce
before having just about enough time to
let out a scream, sigh of relief or suitable
expletive.
“We talk about roller coasters having
bragging rights and that usually involves
setting records,” says roller coaster
guru and editor of US theme park trade
magazine Park World, Paul Ruben. “These
accelerator roller coasters are one of
more than 50 current variations of roller
coaster, which must be powered, at least
in part, by gravity. It’s got to coast!”
Red Force is the star attraction of
the recently opened Ferrari Land in the
Spanish theme park resort PortAventura.
With the coaster’s train-car mimicking the
look of a Formula One car, it was vitally
important the ride provides the same
rapid acceleration as an actual F1 car.
It hasn’t been until recently, however,
that an enabling technology has made
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The scale
and complexity of
hydraulic launch
systems results in
maintenance and operational
costs that stop
extreme speed
roller coasters being
developed

such a coaster possible
in Europe, and the
development could mark
a fundamental shift in the
way that roller coasters are
designed and engineered in
the future.
To date, many high-speed
accelerator roller coasters, also
known as launch coasters, use
hydraulics to provide the initial rapid
getaway. Indeed, the world’s fastest roller
coaster, the Formula Rossa in Ferrari
World, Abu Dhabi, is accelerated by a
huge hydraulic system that generates a
release velocity of 240kph. It’s similar to
the steam catapults used to launch fighter
jets on large military aircraft carriers.
While there are accelerator coasters
in the UK and Europe, and many use
a hydraulic launch system, none has
the same high speed or ferocity as the
Formula Rossa, and for good reason.
The sheer scale of the mechanism,
the number of moving parts and the
complex hydraulic launch system with
nitrogen energy storage has meant that
maintenance and operational costs have
more or less stopped similar extreme
speed roller coasters being developed.
Swiss-based amusement ride
manufacturer Intamin has installed both
Abu Dhabi’s Formula Rossa, as well as
the latest Red Force in PortAventura.
Lead design engineer Daniel Schoppen
explains what makes Red Force possible:
“The key enabler to achieving the fastest
and highest coaster in Europe is down
to our engineering and development of
a particular type of electric motor, the
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linear synchronous motor (LSM).” While
LSMs have been used to accelerate roller
coasters for 20 years, it has only been
in the past several years that the overall
system has matured to the stage where it
is powerful enough to provide the launch
acceleration demanded by Ferrari.

SUPER CAPS FOR SPEED
Over the last two decades, Intamin has
been developing linear synchronous
motors with a third-party electric motor
specialist to provide an alternative to
hydraulic launch systems.
“There is no other LSM [Linear
Synchronous Motor] roller coaster in
the world faster than Red Force,” says
Schoppen. “We believe it’s time for such
a big machine to go to LSM, because of
the big advantage that it’s more or less
maintenance free, as you don’t have any
wear contact in between the mechanical
parts of the drive system.”
However, linear motors were only
part of the development puzzle; the real
challenge was how to store and then
dissipate such a high amount of electricity
over such a short time to provide the
necessary thrust.
“It’s a question of how you store
energy,” Schoppen points out. “If you
launch a train using energy provided
directly from the power grid, you would
need about 4MW of peak load. For most
European parks, that’s too much, because
they have to pay for peak load [not for
overall consumption].”
“The key to go to such a speed –
because you need a lot of power – is the
energy storage system, so what we are
doing is using supercapacitors.”
Supercapacitors, or super caps,
bring together many of the benefits of
batteries and capacitors, but alleviate the
shortcomings. While super caps typically
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LSM DESIGN

The entire induced acceleration
of Red Force takes place during
the initial horizontal 160m track,
which supplies the car with enough
momentum to take it over the ‘top
hat’ at the ride’s summit where
gravity propels the train-car on the
rest of its journey.
The accelerating LSM system
accounts for about 128 metres
of the initial track, leaving
32 metres for additional high
efficient eddy current brakes,
in the event of a roll back.
Here, motors and brakes are
split where they’re needed
most, with more motors at
the beginning of the track to
provide initial acceleration
and efficient braking modules
placed towards the ride’s
initial vertical incline.
Linear motors are
essentially unrolled electric
motors, meaning, in this
case, the stators become
part of the track and the
‘rotor arm’ part of the car.
Linear synchronous motor
(LSM) design uses active
stators, with copper
windings attached to
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the track, with an array
of alternate-pole high
density permanent
magnets connected
to the car. These are
arranged in a U-shaped
‘magnet bar’, leaving
a ‘bottom open’ air gap
to allow the linear stator
modules to engage and
propel the car.
“When the stators run
within this air gap, we have
to maintain two very small
contactless air gaps of
about 6-7mm in between the
magnet bar and the stator’s
surface,” explains Schoppen.
“These small air gaps bring
the opposite magnets of
the magnet bar really close
together to guarantee a very
powerful magnetic field to
enable a more powerful motor.”
It means that an LSM system
offers increased power, but with
the very high efficiency they’ve
always exhibited, compared to
a linear induction motor (LIM),
for example, which is also
employed on roller coasters,on
account of their power density.
“We don’t have to induce the
magnetic field here [on the rotor
element], like you have to do with
linear induction motors (LIM). The
downside, however, is you have
to carry additional weight on the
[train-car] vehicle, because it’s a highdensity magnet. But even with this
weight disadvantage, our LSM package
provides nearly double the efficiency of
LIM technology,” he adds.
“We have 128 metres of those
stators, and each one is approximately
a 70 centimetre-long module consisting
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store 10 to 100 times more energy per
unit volume than a standard capacitor,
they’re able to charge and discharge much
faster than batteries, and can tolerate
many more charge and discharge cycles.
With an overall despatch time of 36
seconds, the supercapacitors have just
that amount of time to store the energy
necessary before rapidly discharging it to
accelerate the coaster out of the station.
“This is the idea behind this coaster.
Otherwise you would have tremendous
high peak loads,” says Schoppen.
“Instead of the 4MW, we probably use
1MW peak load from the grid to feed the
LSM systems.”
Supercapacitors have been available
for well over a decade, but only quite
recently, within the last few years, has
development provided the load cycle
and lifetime stability data to enable
their wider deployment and more
powerful LSM application.

of three-phase shifted copper windings.
We bring a current with an interchangeable
frequency to those stators, so the train
is running on the wave of this induced
current. This current creates a magnetic
field, but it must be synchronised with the
speed and position of the train.”
Magnetic hall sensors interacting
with the car’s magnetic bar are used
to pinpoint the train’s exact location
on the track, so that the stator’s
inductive magnetic field can be perfectly
synchronised with the train’s permanent
magnetic field. Here, automated
continuous real-time active control is
needed, as each train ride behaves slightly
differently. For example, weight will be
different, depending on who gets on, and
bearing temperatures affect friction.
Schoppen continues: “The motor
control system is connected to the hall
sensors to identify the position of the
train and speed, and, by doing this, we
can actively control the LSM stages. If we
know the tolerance of the operating train
running through the launch section, we can
also bring the efficiency of the system up
and, when synchronisation is near perfect,
then you gain a lot of efficiency.”
The Red Force roller coaster pushes
the limits of speed and height, thanks
to the development of LSM technology.
For Europe, this is a masterpiece, as it
slashes maintenance and energy costs,
while incorporating the all-important
‘bragging rights’ of being the highest and
fastest, with a brutal and realistic F1 kick
of acceleration.
“The last hydraulic launch coaster we
sold was Formula Rossa, which was nine
years ago,” Schoppen concludes. “Since
then, we’ve just sold LSM coasters. While
we’re happy to build hydraulic launch
coasters, the future nowadays is the LSM
system, especially with the super cap
energy-storing technology.”
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NATURAL

ALLIES
Design and engineering. Art and science. These go hand in hand,
right? Kinneir Dufort, a design and innovation consultancy based
in Bristol, offers its thoughts on the matter

W

ell, yes. To many of us,
all of these pairings do go
hand in hand. However,
think back to when you
were at school. Was it really that clear?
Back in July this year, we took part in
the Big Bang Bristol – two days full of
science, technology, engineering, and
maths (STEM). Whilst many teachers and
students alike will associate these events
with traditional forms of science and
engineering, here at Kinneir Dufort, we
want to take a slightly different approach.
As a global design consultancy,
we combine engineering and design
with many other areas of expertise, in
conjunction with research, innovation
and user experience, as well as the more
technical sides of product development.
Our aim with taking part in Big Bang
Bristol was to open some eyes to the
possibility of a world where engineering

Trinity Arts Centre, where the Big
Bang Bristol event was staged.

and technology can meet the creative:
through design.
During the course of two days, 21
schools, consisting of 546 children, plus
100 members of the public, passed
through the grand doors of the Trinity
Arts Centre. They were able to engage
with companies such as OVO Energy (the
energy supply company, based in Bristol),
discussing whether nuclear energy is
green, while students from various
universities experimented with erupting
volcanoes and exploding balloons – before
venturing across to the design table of
Kinneir Dufort to see some incredible
prototypes and take part in an activity to
showcase what it really means to be a
design engineer.

DESIGNS BEHIND DESIGN
When children approached our stand,
we delivered an activity to really show
them what goes into a seemingly simple,
yet extremely complex, design project.
Children were asked to think about how
they might redesign a water bottle. By
showing the old style, compared to the
new design we recently created for CocaCola brand Abbey Well, the children really
got to understand what goes on.
Whilst nearly all agreed that design
and prototyping were involved, not all

expected engineering or innovation to play
such a large role. This just emphasised
how interesting and multi-faceted an
apparently unassuming project can be.
Having said that, it was encouraging to
hear how children are being taught about
enterprise, engineering and technology
from primary school age!
When asked, many children said their
favourite subjects were indeed science,
maths or engineering. Despite this, we
found that subjects including art, drama,
PE and DT came up as regular favourites,
too. After all, these creative subjects are
essential in so many careers, especially in
design. It got us thinking, when we were

“It was encouraging to hear how children are being
taught about enterprise, engineering and technology
from primary school age”
24
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BIG BANG FAIR

The Big Bang UK Young Scientists & Engineers Fair attracts huge numbers.

The Big Bang UK Young Scientists & Engineers
Fair is the largest celebration of science,
technology, engineering and maths (STEM) for
young people in the UK – an award-winning
combination of exciting theatre shows, interactive
workshops and exhibits and careers information
from STEM professionals. Next year’s fair will be
held at The NEC, Birmingham, 14-17 March.
The fair aims to show young people
(primarily aged 7-19) the exciting and rewarding
opportunities out there for them, with the right
experience and qualifications, by bringing
classroom learning to life.
Having grown from 6,500 visitors in its first
year (2009) to more than 70,000 in 2016, The
Big Bang Fair is made possible thanks to the
collaborative efforts of over 200 organisations. It
also hosts national competitions, inviting young
people from across the UK to compete, amongst
other things, for the title of UK Young Scientist
and UK Young Engineer of the Year.
For general queries, please contact:
info@thebigbangfair.co.uk.

“A design engineer
does a lot of thinking
to work out how to
use technology to
make things that work
for people and to
solve a problem”
back at school, what did we want to do?
So we asked two of our design engineers
to reﬂect on their career choices and the
contributing factors that led to it.

CAREER CHOICES
“I didn’t think engineering was a career
path I could go down at school, as I
couldn’t see myself spending every day
stuck in front of a calculator,” recalls Josh
Leddra. “DT class, on the other hand, I
loved, as I could get hands on designing
and making cool things. It wasn’t until I
reached university that I realised design
engineering utilises both the creativity of
design and the tangibility of engineering to
create original designs that really work!”
As for why Alex Waldron became a
design engineer, he replies: “At school,
my science teachers told me engineers
use technology to make things. I asked
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a similar question to my product design
teacher, who told us to step back and
think about everything we use in life: why
we needed it, what it did, how it worked,
how it was made.
“The answer was because someone
had already thought about it for quite a
long time. That’s what a design engineer
does, a lot of thinking, to work out how to
use technology to make things that work
for people and solve a problem.’’
So, why are events like the Big Bang
important? Despite engineering being
such a critical part of successful design
projects, ‘design’ as a career is not often
a path that students are fully aware of.
Therefore, as industry leaders, we want to
help those currently deciding their futures
to understand the wider career options
that are open to them within the realm of
engineering and design. Our greatest take-

out – and, in fact, our initial aim of the
event – was to raise awareness that both
creative subjects, such as art and DT, plus
more traditionally ‘academic’ subjects,
such as science and maths, can really go
hand in hand.
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Don’t assume images
found online are
free to use
Iain Colville, partner at Wright Hassall, outlines the pitfalls of using images sourced on the
internet without obtaining the proper permissions

M

any businesses and
individuals mistakenly
believe that any image
or photograph found on
the internet is freely available and can
be used or reproduced for the purposes
of their business, perhaps on their own
website or in other promotional materials.
The short answer is that this
assumption is not correct. If you have
used a photograph from the internet
without obtaining permission, you may
find that the owner (or someone acting
on their behalf) will demand more than
you might expect - both in terms of
compensation and a requirement you stop
using it.

But I found the image using an
image search. Doesn’t that mean
it’s free to use?
Almost all images that can be found on
the internet, via an image search tool
(such as Google Images or Bing Images)
or other means, will belong to someone
and will be subject to copyright protection.
Generally, unless you obtain permission,
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will be legally entitled to enforce
their rights against you.

How much is this
going to cost me?

Iain Colville is an experienced intellectual
property & technology lawyer, specialising
in disputes over the ownership or misuse
of intellectual property rights.

or consent, from the copyright owner for
the particular use of that image, you will
infringe the copyright in that photograph.
This means that the owner may claim
compensation or an account of any profits
you make from the use of the photograph.
They are also likely to demand that you
stop using the image and destroy any
hard or soft copies of it.
Unless the owner of the image
has positively given permission that
covers your proposed usage, they

The cost will depend
upon the nature of
the image in question
and also upon the
exact use to which you
have put it. The court
will start by assessing
a reasonable licence
fee or royalty payment for
the particular image and for the
specific use to which it has been put.
The licence fee for a photograph taken
in exclusive circumstances (for example,
a photograph of a celebrity in a private
location) or where the photographer has
had to invest time or money in order to
take the photograph (for example, aerial
photographs of a town or landscape) will
be greater than a stock photograph of
an unremarkable scene.
Similarly, if you have reproduced
the image many times on hard copy
promotional materials, the licence fee
will be much greater than the fee for the
single use of a small or low-resolution
image on a website.
The image owner will also be likely to
charge a premium for uncredited use, or
where an image has been used without
obtaining permission in advance.
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LEGALLY SPEAKING

As an example, one recent case
involved a loft conversion company
(Artisan) who used photographs taken by
one of its competitors (Absolute Lofts)
which showed some of Absolute Lofts’
conversions. Artisan used the Absolute
Lofts photographs on its website and
falsely suggested that the conversions
had been undertaken by Artisan. Although
the usage-based royalty figure for the
particular photographs was £300, Artisan
was ordered to pay an additional £6,000
to reflect the greater wrongdoing in this
particular case. In another case, where
an exclusive photograph of a musical

celebrity was used by a nightclub on its
website and promotional posters and
flyers, the usage-based royalty fee set by
the court was over £5,600.
If you do not agree terms with the
image owner and they take you to court,
you will also be at risk of paying the
image owner’s legal costs, which
could substantially increase the
sums involved.

How do I know that a
particular image is subject
to copyright?

images in a
royalty-free images
catalogue or library.
Alternatively, you can also use Google
Images to return only images which are
labelled with particular licence terms
(click on the ‘Tools’ button to access
the ‘Usage Rights’ dropdown).
Common licence terms may
permit commercial use of the
image without modification, but
may require that you credit
the photographer.

Other common licences may be more or
less restrictive. Some will permit only
non-commercial use. Others may allow
some modification of the image. In each
case, you will only be entitled to use
such an image where you comply with
the requirements of the relevant licence
terms.

How can I avoid trouble?
The short answer is only to use images
where you know for a fact you have
permission from the image owner for
the intended use of those images.

You could purchase appropriate
licences from the image owner or through
a stock image library. Alternatively, you
could use only images from a royalty-free
library, or those which are available on
appropriate licence terms. If the image
you wish to use is on a blog or an amateur
photographer’s website, another option is
to contact the photographer directly and
ask for permission. They will
tell you the terms on
which the image
may be used and
they may give
permission
freely in return
for you crediting
the photographer.
If you are already
using images which
you have found online
without obtaining
permission, or
considering whether or
not to use them, it would
be advisable to stop
using those images and
to replace these with
images that you are
entitled to use.

In the UK and many
other countries, copyright
arises automatically when
a photograph is taken
or an image is created.
Nothing else is necessary.
There is no requirement that the ©
symbol is used with the image, although
it is often used to indicate or assert that
the owner will enforce their rights.
Some images are made
available on terms which
expressly permit certain types
of use without payment of
a royalty or licence
fee. You can
find these
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HEAD FAST
ENGINEERING

Chris Froome won the Tour de France for the fourth time in five years in July. Looking back
to last year, though, the way in which he won Stage 8 begs the question: what is the ultimate
downhill position for cyclists? Tom Austin-Morgan finds out.

A

t the end of Stage 8 of the Tour
de France 2016, Chris Froome
made an unconventional
breakaway from the lead group
on the descent of the Col de Peyresourde
to win the stage by a margin of 13s
and don the Yellow Jersey. What was
most unusual was the position he took
on his bike to attempt to optimise his
aerodynamic profile to gain the biggest
advantage.
It was an eye-catching sight, with
Froome crouched low on top of the frame
of his bike, his body hunched over the
handlebars. Two people that sat up and
took notice were Thierry Marchal, global
industry director for sports, medicine
and construction at ANSYS, and Bert
Blocken, professor of aerodynamics at TU
Eindhoven and KU Leuven.
The pair have collaborated previously
on work involving the aerodynamic
benefit of riding in front of a team car or
motorcycle. After a phone conversation
discussing the media coverage of the
‘aerodynamic advantage’ that Froome
had given himself to win the stage, the
two sports fans decided to team up once
more to find out, first, if the position really
was aerodynamically beneficial and, if not,
what really is the ultimate position for
cycling downhill?
“This work was done not for a company
or a team; we did it independently,
because we just wanted to know
ourselves,” says Marchal. “We had no
funding at all for this. The idea was just
let’s see out of interest what is actually
going on with different positions.”
They created four models to test
in the wind tunnel at the University of
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Liège in Belgium: Froome’s position;
two more classic aerodynamic
positions – one with the rider
sat on the saddle with its back
horizontal and one with its
back positioned downwards
with the head lower; and
another unique position
used by the Italian Marco
Pantani in the 1990s
where he had his chest
on the saddle, effectively
hanging off the back of his
bike.
Blocken explains: “These
[models] are four times
smaller than reality,
so, to have the same physics,
the speed in the wind tunnel must
be four times larger. Four times larger
than 15m/s is 60m/s, that’s 216kph,
which is a Category 4 hurricane. That’s
why the moulds in the wheels have
reinforcements, otherwise the models
would just break in the wind tunnel.”
These models were tested against
the ‘Froome’ position, with the
‘Pantani’ position proving to be best
aerodynamically, at 4.8% faster. Next
fastest was the ‘back down’ position,
which was 2.4% faster than the ‘Froome’
position, and finally the ‘back horizontal’
position, which was 0.5% slower.
To be certain that the wind tunnel
results were accurate, the models were
scanned and tested independently using
ANSYS’ Fluent CFD (Computational Fluid
Dynamics) software. These computational
models contained 36 million control
volumes and are so detailed that the very
thin layer close to the body, called the

laminar sublayer, caused by hair on the
skin of the cyclist, was recreated. These
features measure just 0.02mm, but are
critical to achieve accurate and reliable
results.
This encouraged the team to add two
more positions to be tested by CFD alone:
a ‘back upwards’ position – the kind you
may employ while cycling for fun; and ‘top
tube safe’, where cyclists have their body
horizontal along the crossbar, with their
heads just over the handlebars. What
they found was that the upright position,
unsurprisingly, was the slowest by a
considerable margin, but the top tube
safe position was the fastest of all, 3%
faster than the Pantani position.
Marchal says: “If you had asked me
before which of these four is the best, or
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DESIGN SOFTWARE SIMULATION

The wind
tunnel needed to
create wind speeds
of a Category 4
hurricane at
216kph

the most aerodynamic, I would probably
have guessed wrong, even though I’ve
been doing this kind of work for the last
20 years. It’s complicated and that keeps
it interesting.”
This test was based on the 15.5km
descent down the Col de Peyresourde at
the average speed that Froome traversed
it, 62.5kph, and it assumes riders were of
the same height, weight and had the same
power output. If the slope was less steep
and the cyclist needed to lay down extra
power, the ‘top tube safe’ and ‘Froome’
positions would both fall farther down
the list, as it is more difficult to peddle in
these positions while the ‘back horizontal’
position would move up.
Across the length of the 15.5km
descent, a cyclist in the ‘top tube safe’
position would have pulled out a gap of
67s on Froome. ‘Back down’ would have
gained 23s and ‘back horizontal’ would
have lost 8s. However, the addition of
peddling would have increased these
times over the ‘Froome’ position, as you
can put more power through the peddles
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and the more even weight distribution
gives better manoeuvrability and stability.
There is also the topic of safety to
consider, something Marchal and Blocken
are keen to highlight. “[The Froome
position] is a dangerous position, putting
a large weight on the front wheel, which is
also the one you’re using to steer with,”
explains Blocken. “Froome could do this
on the Col de Peyresourde, because it
is quite a straight descent. Pantani put
a large amount of weight on the back
wheel, that is also not so stable, but
in the others it’s actually quite an even
distribution.”

BALANCING THE BENEFITS
When asked about Froome’s position,
Team Sky’s sports director Nicolas Portal
says: “It looked a little dangerous when
they sit on the frame; you can see the
balance is not the best. You can see
on TV the bike is really moving. But the
aero position is really good, so they
feel straightaway that they gain speed
and momentum. Then, when they lose

momentum, they need to start pedalling in
this position. It looks a bit ugly, but when
something works, that’s how it is.”
Beyond the scientific results, Marchal
and Blocken fear that professional or
occasional cyclists might be putting
themselves at risk by adopting dangerous
positions in the hope of improving their
aerodynamics. On the three major tours,
the Giro, the Tour and the Vuelta, some
might be tempted to adopt the ‘Froome’
position, which the researchers say takes
a greater risk for less gain. Their findings
therefore come with a health warning.
So, did Froome win the stage because
of the position he adopted? Not according
to the analysis. A more likely explanation
is that there weren’t many riders in the
chasing group who were in contention for
the Yellow Jersey, especially at that early
stage in the Tour, so why would they tire
themselves out attempting to chase him
down? In fact, Froome could have crashed,
throwing away the lead at any point during
the descent by being unbalanced through
the corners. Don’t try this at home.
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Institution News

Elections & Registrations
Registration as Chartered
Technological Product Designer
Amy Penn
Amesbury

Registration as Engineering
Technician
Sivan Pillai Sivanthanu Pillai
Isleworth

Registration as Chartered Engineer
Ian Batkin
Burton-on-Trent
Edward Jack Dolton
Cardiff
Mabor Scott-Emuakpor
Aberdeen
Michael Westlake
Weymouth

Transfer to Member
Edward Jack Dolton
Timothy Smart
James Todd

Registration as Incorporated
Engineer
Edward Hemmings
Berkshire
Istvan Verba
Coventry

Cardiff
Somerset
Hertfordshire

Election to Member
Imran Aslam
Cambridgeshire
Timothy Bird
Westbury
Dr Hau Hing Chau
Leeds
Benjamin Dobbin
Fleet

Paul Edward Doherty
Taunton
Richard Fee
Nieder-Olm
Eamon Gilson
Edinburgh
Paul Hayward
Ashford
Matthew Nethercleft
Sussex
Amy Penn
Amesbury
Sivan Pillai Sivathanu Pillai
Isleworth
Eugene Redmond
Lancashire
Benjamin Smith
Northampton
Shaun Stone
Nottingham
David Soden
Hartley Witney
William Taylor
Hove
Istvan Verba
Coventry
Stefan Zeitlhofer
Switzerland

Election to Student
Kieran Burr
University West of England
Francesca Fish University West of England
Hao Fu
University West of England
Rajan Jagpal
York
Maxine Sarah Arpino James High Wycombe
Oliver Lunt
University West of England
Luke Mccoy
University West of England
Jane Perkins
Hastings
Jenna Schuetzle University West of England
Andrew Scutt University West of England
Benjamin Weir University West of England

WHATÕS HAPPENING
Male champion of women Meet the top-flight students!
in STEM appointed

WISE has appointed one of the UK’s most active
business leaders for championing women to work in
science, technology and engineering (STEM) as nonexecutive director of its board.
Steve Fox CBE,
chief executive of BAM
Nuttall, is already
an active member of
WISE, having helped
to develop their
Ten Steps to help
companies recruit,
retain and promote
STEM women.
“Attracting and
maintaining women
in engineering is
an important focus
at BAM Nuttall –
ensuring a diverse
workforce is vital
for success to any
business,” he said.
“The construction
industry is currently going through a huge digital
transformation and, to solve some of the future issues
we’re facing, we need the input and involvement of
people from all backgrounds to make this happen. We
have done a lot of work behind the scenes and now it is
time to branch out to a wider audience.”
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Engineering students from Bath University have beaten other undergraduate
teams to be crowned overall winners of the Institution of Mechanical Engineers’
Unmanned Aircraft Systems (UAS) Challenge.
Now in its third year, the annual event encourages teams of undergraduates
to undertake a full design and build cycle of a UAS, also known as a drone, with
specific mission objectives – before competing in a final ‘fly-off’ and judging.
Alex Powell, team leader of Bath University, commented. “It was a long road to
get here and we are all extremely pleased with the final result. All of us are still in
shock at getting the award which made all those long nights in the lab worth it!
“The team would also like to thank our supervisors for the help along the way,
our sponsors for their contributions and the Department of Engineering at the
University for the support provided.”
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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

