September/October 2019

Flight of fancy
Victorian era low-power
propulsion proven
at large scale

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

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

September/October 2019

President
Pete Lomas FREng HonFIED
Immediate Past President
Maggie Philbin OBE HonFIED (PP)
Chair
EurIng Colin Ledsome BEng MEng
CEng FIMechE FIED MCMI FBIS MDS
Immediate Past Chair
Dr T Humphries-Smith BSc PGDip
MPhil EdD CTPD CEng MIED(PCh)
FHEA FRSA
Vice Chairs
DTH Castle IEng RCADMan FIED
MBCS CITP
N Phelps IEng MIED
Ordinary Councillors
PKR Bateman EngTech MIED
SJ Benfield CTPD CEng CEnv
FIED(PCh)
EurIng Dr L Buck BSc(Hons) MA PhD
CTPD CEng FIED FHEA FRSA
D Farrell BSc(Hons) MTech CEng
CTPD FIED
Dr PJ Sewell BEng(Hons) PGCert
PhD CEng MIED MIMechE FHEA
Dr GAL Tizzard BSc MPhil DIC PhD
MIEEE CEng MIED FHEA
I Treacy BA MSc IEng MIED MIET
EurIng SP Vaitkevicius BEng(Hons)
MSc CEng FIED
Dr B Watson MDes(Hons) PhD LCGI
CEng CEnv CTPD MIED
Dr K Winning BEng(Hons) MEng
MSc PhD CEng FIMechE 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)

Engineering Designer needs good articles on matters important to
design. Why not write one? You will receive help from the editorial team,
should you need it.

Flight of fancy
Victorian era low-power
propulsion proven
at large scale

001_IEDM_SEP19v2.indd 1

09/08/2019 11:45

Editor
Will Dalrymple
Art Editor
Neil Young
Publishing Director
Luke Webster

If you want to try your hand at writing a feature for Engineering Designer,
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
committee for consideration.
Contact Will Dalrymple, MA Business Ltd
Hawley Mill, Hawley Road, Dartford, Kent DA2 7TJ
Telephone: 01322 221144 Email: engineeringdesigner@ied.org.uk

Sales Director
Jez Walters
Telephone:
+44 (0)1322 221144
Email:
jez.walters@markallengroup.com
ISSN: 00137898
The Journal of The Institution
of Engineering Designers
Hawley Mill, Hawley Road,
Dartford, Kent DA2 7TJ
Email:
engineeringdesigner@ied.org.uk
Contact the Editor
If you would like to write a feature,
add to the news or send your points
of view, contact:
Will Dalrymple
MA Business,
Hawley Mill, Hawley Road
Dartford, Kent DA2 7TJ
Telephone:
+44 (0)1322 221144
Email:
engineeringdesigner@ied.org.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:

£74.20
£14.60
£106.50
£57.00

Disclaimer
© Copyright The Institution of Engineering Designers 2019
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 45 Number 5

Regulars

Features

View from the Chair 4

First place

Colin Ledsome CEng
FIED weighs the
must-haves and the
nice-to-haves in design

The 2019 IED Awards, held at the National
Motorcycle Museum, recognise remarkable
engineering designers as well as dedicated
institution volunteers.
Also: winner Ian Wise CEng MIED interviewed

Asides

5

The parable of a
candle: what its design
evolution says about
tech competition overall

Wright Hassall

24

6

Exoskeletons

What’s Happening 29

King of the hill

IED Elections &
Registrations

A Dutch design of flood defence pavement
block reduces the height of dykes by
channeling water through an internal cavity

6

20

A new soundscape

22

Pressure waves (sound) can be focused just
Profile: Zoe Laughlin
10 as can electromagnetic waves (light); the key is
Winner of the 2019 Inspire, Support,
developing a structure that acts as a lens.
Achieve award, this provocative performance A new field of engineering is arising around it.
artist who founded the Institute of Making
describes how she got into engineering
COVER STORY

How avoiding litigation
in case of a patent
infringement might
actually make money

30

Making sound without noise

How one company developed a new sounder
to signal the presence of quiet vehicles that
would not confound unwary pedestrians

14

These medical devices aim to offer healthy
adults superhuman endurance, if not
superhuman strength

14

18

18

Balancing act

26

A low-power design for airship propulsion
originally published in 1864 was borne out
only earlier this year in the first-ever flying trial
of an independent craft of this kind, of the
Phoenix unmanned aerial satellite

Innovation management
Dr Benjamin W Watson CEng CTPD CEnv MIED
returns next issue

20

VIEW FROM
THE CHAIR

Discovering
what we need

Get Involved

If you would like to contribute to any discussions, write to:
Colin Ledsome
BEng MEng CEng FIMechE FIED MCMI FBIS MDS, Chair, at:
The Institution of Engineering Designers,
Courtleigh, Westbury Leigh, Westbury, Wiltshire BA13 3TA.
Or email: chair@ied.org.uk

4

www.ied.org.uk

Francois Poirier/stock.adobe.com

R

ecently, I heard a radio programme where
someone described a new ‘smart’ refrigerator
that detected when its door had been left open,
and a synthetic voice reminded the user to close it. “If
it’s so smart, why doesn’t it close its own door!” was
the comment.
It’s true: a simple mechanical timer mechanism,
energised by the door being opened, could trigger a
spring to close the door after, say, 15 seconds. This
would be much cheaper to install than an electronic
version, would be more reliable, not need a power
supply, and be less intrusive. A simple adjustable timer, using rubber suckers,
was part of the mechanism for roller towel machines, to discourage excessive
use. If you still have access to one, take a look.
Many of the products that we buy have capabilities that
either we do not need or do not use, even though they may
have influenced our decision to purchase it in the first place.
We buy adjustable shelving, but never change it. We have
washing machines with 20 different possible cycles, but only
use two. My car came with cruise control, but I don’t use it.
When I was still a practicing designer, I organised design
requirements into four categories: essential, ideal, desirable
Like many areas of human endeavour, design and optional. The ‘essential’ group covered those attributes
requires prioritising competing demands.
that must be present for the product to work, both in a
Colin Ledsome CEng FIED offers his way
functional sense as well as in the interface with its users.
‘Ideal’ traits make a product more than just ‘good enough’.
They would offer something extra that the user would
appreciate in addition to making the product suited to its purpose. ‘Desirable’
things were extra features that would be good to have. They may be easy to
provide as part of the essential function of the product, or add-on parts which
the user might want. ‘Optional’ attributes could be included for a particular
customer group, but would not affect the main purpose.
Sometimes the attributes needed come as a surprise. For example, in
designing seats for a railway carriage or a passenger aircraft, one unexpected
essential is the need to easily replace one if it breaks, or if the space is
required for another purpose. This means that the seat must be able to fit into
the space available below the luggage racks and above the tops of other
seats, to be taken in and out of the cabin without removing other seats.
I still use these categories when planning something new, or in making a
complex decision. They help focus on the aspects that are important, and
help to avoid distractions. Priorities are clearer, showing where time should
be spent or research carried out. They are also useful in a team context for
communicating ideas. They help us discover what we really need.

ASIDES

Candlelight
Colin Ledsome CEng FIED considers
the lessons of the humble candle

Barselona Dreams/stock.adobe.com
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C

andles have been around for several thousand years. An
essential cheap source of light, candles were fairly easy to
make. A flammable fat – wax – was melted and allowed to
solidify around a central ‘wick’, essentially an absorbent
piece of string. Historically cylindrical or slightly tapered, they are now
moulded in a range of shapes and are often scented.
The wick pokes out of the top and is lit by melting the wax within
it until the wax begins to burn. The heat of the flame melts more wax,
which flows up through the wick to keep the
flame going. A small pool of molten wax forms
where the wick enters the body of the candle,
forming a reservoir of fuel for the flame.
Most of the flame comes from the burning
wax, but as the candle begins to burn down,
the tip of the wick becomes too far from the
fuel supply, and itself burns away. For centuries,
this happened in the cooler red region at the
top of the flame, producing a black sooty smoke that settled on the
surrounding walls, ceilings, furniture and clothing. A large market for
wick-trimmers grew up.
It wasn’t until Victorian times that it was discovered that overtwisting one of the strands making up the wick would make it curl over
as it emerged from the wax, and burn off in the hotter blue part of the
flame. This produced very little smoke, and wick-trimmers vanished
from shops. Soon after, gas lighting and then electric lights relegated
candles to decorative or symbolic purposes.
This seems to be a pattern followed by many everyday products.
A useful design is repeated even though it has some inconvenient
aspects. When a better solution is suggested, the old one is rethought
and upgraded with adaptations that could have been made much
earlier. Despite the last-ditch effort, the design gets superseded
anyway.
Four-sail windmills were easy to construct by crossing two wooden
spars to form the structure of the sails. Six-bladed windmills began to
appear when steam driven mills showed greater efficiency, but couldn’t
keep up. Clay tablets were overtaken by paper and quill pens, which
were in turn replaced by fountain pens, then ball-points, felt tips, fibre
tips and more. The pencil keeps going despite them all.
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First

PLACE
IED recognized distinguished engineering designers from inside
and outside the Institution at its annual awards, held at the
National Motorcycle Museum in early July; it was perhaps fitting
that a cycle design team brought home one of them

S

aid to be the largest collection of
British motorcycles, the National
Motorcycle Museum holds some
1,000 and displays 850 in five
packed halls located near the National
Exhibition Centre on the outskirts of
Birmingham. Some 170 brands are
represented, including many examples
of BSA, Matchless, Norton, Royal Enfield
and Triumph (see box for a member’s
review of the exhibition). The museum was
established by motorcycle collector and
businessman Roy Richards, and opened in
1984. Gutted by fire in 2003, it reopened
in late 2004 after a £20 million refit.
Awards were introduced by CEO Libby
Meyrick, and presented by IED President
Pete Lomas, a founder of Raspberry Pi.

Coincidentally, the ceremony occurred
less than two weeks after the launch of
the Raspberry Pi 4 (see p29).
The first medal of appreciation went
to Ramboll senior consultant and new
member Tom Channell MEng CEng MIED.
Chief Executive Libby Meyrick said: “His
background and expertise in e-learning,
structured technologies and e-commerce
mean that Tom is ideally placed to assist
with projects with these skills, as well
as the opinion and experience of youth –
something we’re lacking! One such project
is a reworking of the IED website, which
Tom is leading on.”
Next awarded was Dr Tim Coole
BEng (Hons) PhD FRSM CEng MIED,
senior lecturer at Buckinghamshire

New University. To explain why Coole
was recognized, Meyrick read out this
commendation from a member of the
IED Council: “Given our chronic shortage
of engineers and engineering designers,
I believe that we need to recognize
those who do so much to help bring
our profession to the next generation.
Tim Coole has worked for long hours
giving freely of his time to inspire and

A MEMBER’S REVIEW OF THE NATIONAL MOTORCYCLE MUSEUM
The museum’s scope is the British motorcycle; not the Japanese one, the Italian one or the German
one. So there’s a huge line of almost every marque you can think of and quite a few that you never
knew existed. What dominates is the British standard arrangement: a substantially vertical single or
two-cylinder engine, air-cooled, with chain drive to the rear wheel. But there are enough variations there
to make it interesting. For example, there are a few Scotts with their water-cooled two-strokes, with the
flywheels and drive from the centre of a crankshaft with only two main bearings and the overhanging
cranks. Changing the engine to a horizontally-opposed twin gives the Douglas arrangement, with a cool
cylinder at the front and a hot one at the back.
All of the pictures that I took were of bikes with either a personal connection to me, or eccentricities.
I think that is what makes this museum. The collection includes both successful and unsuccessful models.
-Dr Chris Dowlen BTech PhD CEng FIMechE REngDes FIED FRSA PFHEA CTPD
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Left to right: former editor of Engineering Designer Brian Wall (Chair’s Award); outgoing IED Council member Dr Caroline Simcock (medal of
appreciation); Arup senior engineer Ian Wise (Kathbert Trophy and Geoff Kirk Young Member’s Award); Pashley Cycles principal development
engineer Jeff Beach (Alex Moulton Award); IED Council Vice Chair Dave Castle (Founder’s Award); IED President Pete Lomas; Pashley Cycles’ Jon
Cumberpatch (Alex Moulton Award); Ramboll senior consultant Tom Channell (medal of appreciation); Buckinghamshire New University senior
lecturer Dr Tim Coole (medal of appreciation); Aircraft Carrier Alliance engineering director Martin Douglass (Hornsby Cup).
Below: Founder of the Institute of Making Zoe Laughlin (Support, Inspire, Achieve Award receiving the Gerald Frewer Memorial Trophy)

support engineering students, many of
whom are now members of the institution.
The students that he has nurtured have
risen to achieve in many engineering
fields, including mechanical, automotive,
manufacturing, energy and product design.”

LONG ASSOCIATION
The third awardee of a medal of
appreciation went to Dr Caroline Simcock
CEng CTPD MEng & Man (Hons) EngD
FIMechE FIED PMP, whose association
with the institution dates back to 1996,
when she won the A-level Stuart Pugh
Award for Design Engineering and
Technology. When she applied to become
a full member in 2004, the membership
committee were so impressed with her
career progression up to then that they
awarded her the Kathbert Trophy. Since
then, Simcock achieved a doctorate in
engineering, and moved to Dyson, where
she is now director of claims, standards
and insights. She is one of the first people
in the world to achieve a chartership
for product design, and received her

www.ied.org.uk

award at St James’s Palace. Simcock
joined the IED Council in 2013, and has
since carried out numerous interviews,
assessments, mentoring, served on the
Executive Board and represented IED on
many external events. As she steps down
from the Council position, her medal is
given ‘with grateful thanks’ from the IED.
In accepting the award, Simcock said:
“For more than half of my life I’ve been
involved with the IED; I’m sure it will never
be that far away for me. The accreditation
visits are something I’d encourage
everyone to get involved in; [it’s about]
hearing firsthand from the students how
they’re learning and expanding their
knowledge and how that’s going to be
utilized in industry.”
The Hornsby Cup, presented annually
for the best article in Engineering
Designer, went to Martin Douglass BEng
MSc MIMarEST, for his article ‘Carrying
the Day’ (September/October 2018),
about the design of the HMS Queen
Elizabeth aircraft carrier. In his acceptance
speech, the chief engineer of the Queen

Elizabeth class carrier and engineering
director for the Aircraft Carrier Alliance
at BAE Systems remarked: “I’m sure
everyone in the audience will remember
me doing a similar speech this time a year
ago, because the design won an award. At
that time, the ship was just getting ready
to sail to the US to take on the F-35 for
the first time. I’m pleased to say that we
were able to deliver the ship five years
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from the day that they set the date for
the first aircraft to land. For a programme
of this size and complexity to achieve
that was a real feat of industry across the
board.”
The Chair’s Award -- a discretionary
prize not given every year -- went to Brian
Wall, the previous editor of Engineering
Designer, for his services. In handing
him the award, Meyrick said: “During
the six years of working for the IED,
he has become one of the family. He
is a contract editor, employed by our
publishing contractor, not by us, but over
that time he has learned our language,
our methods and how we tick. This is
demonstrated by the fact that Brian
has won the Hornsby Cup three times
in six years. Unfortunately for us, the
publishers have decided to cease the use
of contract editors in its business, so this
means, much to our disappointment, that
Brian is leaving us.”
The Kathbert Trophy is presented
annually to a new member of the
institution, who, although not necessarily
at the pinnacle of their career, has made
a significant and developing contribution
to design. The Geoff Kirk Young
Member’s Award was introduced in 2011.
The two awards are decided separately
using different assessment processes,
but for the first time in
at least 20 years, both
have gone to one
individual: Ian Wise
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MEng CEng MIED (see also interview, p9).
A senior engineer at Arup specializing
in unusual projects, he joined the IED
in April and became registered in May.
Of him, Meyrick said: “Ian is described
as an exceptional engineer with a deep
understanding of engineering design from
first principles, through to visualising
complex 3D models. He is creative,
and often comes up with solutions to
problems that also lead to a step change
in the industry’s design approach.”

‘VERY PUBLIC INNOVATION’
The Alex Moulton Award, named after
the designer of international acclaim and
Honorary Fellow, was introduced to reward
innovation and inspirational design. It
went to manufacturer Pashley Cycles for
‘a very public use of innovative design’
for the new generation of Santander hire
cycles in London. Designed to be easier
to ride and maintain, the next generation
has smaller wheels to provide faster
acceleration from a standing start, which
is especially important in urban traffic.
The lighting system is better positioned,
brighter and more reflective so the bikes
are much more visible to other road users.
Tougher mudguards allow more of the
rear wheel to be covered, providing better
protection for the rider in the wet. The

From wheels to
seats, Pashley
Cycles redesigned
the London rental
bicycle

saddle includes new gel pads and saddle
adjustment is much simpler with a new
one-handed seat clamp.
Zoe Laughlin won the IED’s Inspire,
Support, Achieve Award, given for
‘outstanding contributions to engineering
design, design management, education
and training or design philosophy’. The
award is formally known as the Gerald
Frewer Memorial Trophy after the practicing
industrial designer at NASA’s Kennedy
Space Centre. Laughlin, co-founder of the
Institute of Making at University College
London, is the first female recipient of the
award. In describing her work, Meyrick
said: “Working at the interface of science,
art, craft and design of materials, Zoe’s
work ranges from formal experiments
with matter to the art of making the best
spoon in the world”, adding that she
was recognised for her ‘passion and
commitment to design’ (see also p10).
Finally, the Founder’s Award – given in
honour of IED founder Wally Walters, and
presented for distinguished services to
IED – went to Dave Castle IEng RCADMan
FIED MBCS CITP for his ‘ongoing extensive
support of the IED’. Castle joined as a
student member in 1986, won the IED
Prize in 1990, and in 2014 became a
fellow, and member of the IED Council.
Last year he was named Vice Chair of IED
Council and a member of the Executive
Board. Serving on the Membership
Committee, he conducts interviews for
membership, mentors applicants, and
leads various working parties, including
implementing GDPR, modernizing the IED’s
IT systems. He has conducted a review
of CPD submissions, reviewed member
assessment paperwork, and is a member
of a number of strategic Council teams.
In accepting the award, Castle said:
“I’m honoured and humbled to be offered
this award, but it’s the institution and
working for the people that really is the
passion behind it. Without the support
of the secretariat, we couldn’t do it,
nor could I without the support of my
business, giving me time to come here to
work for the IED as well as do my day job.
It takes a lot, but it’s rewarding. I’ve met
so many people that I couldn’t have met
elsewhere; I’ve been to the palace twice.
So: get involved. Come and join us. There
are awards.”

www.ied.org.uk
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Ian Wise MEng CEng MIED,
Arup senior engineer,
was the first in at least a
generation to win two IED
awards: the Kathbert Trophy
and the Geoff Kirk Young
Member’s Award. He reflects
on his experiences so far.
ED: Where does engineering design fit
into AEC (architecture, engineering and
construction)?
Ian Wise (IW): “Engineering
design is – or it should
be – key to the entire
process. It’s the
underlying thought of
what do we do. There
is a need; what is the
best way of responding
to that. We at Arup
are quite lucky that we
often get involved early.
But I do know that there are
lots of construction projects out there
where engineers are not brought into the
process soon enough; no-one sees it
from an engineering perspective until it
might already have planning permission,
for example. And that’s too late, in my
view. By the time you reach planning
for a building, there are a whole load of
design decisions that are locked in which
are not necessarily very good.”

ED: Aeolus is
an example
of a complex
geometrical design.
Does modern
software change
the design of such
structures?
IW: “Probably. We now have the
capability to try more stuff; try more
structures and geometries, with no risk. If
you are trying to build the Pantheon with
old technology, there’s quite a lot of trial
and error involved in that, and decades of
construction. Whereas in an afternoon we
can play with the geometry. It does change
it by virtue of the speed of iteration and
taking risk out of the design.”

ED: One of your many projects is artist
Luke Jerram’s Aeolus wind pavilion:
what did you do there?
IW: “All of the structural design,
modelling, drawing and fabrication
planning. I did that very early in my career
[about 10 years ago]; some of the work I
did in university was in complex geometry.
For this project, we wrote a bid for Luke
Jerram and did all of the engineering for
it, except the acoustics, which was done
by Salford University. Working with Luke
to help extract from his mind his vision
of what he wanted the object to be, and
turning it into fabrication drawings of a
real structure: that’s what we did. Aeolus
was great. To see it get made, that was
fabulous.”

ED: What skillset is required to be a
good design engineer now?
IW: “If a young person wanted to get into
industry, I would say: learn to draw -- just
sketching. And learn to be able to speak
to people. So much of what we do is
about being able to convey what we are
trying to explain clearly. Communication is
vital, and I don’t see that really changing.
In terms of more technical skills, I would
say that learning to program, learning a
3D modelling package and learning about
the qualitative understanding of those
structures; but not just analysis and
design and finite element methods and
all of the mathematical basis. It’s about
learning, ‘I think this will do this because
of this.’”

www.ied.org.uk

Aeolus wind pavillion

ED: That sounds like intuition. Isn’t
that innate?
IW: “No, I don’t think so. I think that
you get that from making things. Trying
stuff out. Pushing stuff over. Make stuff
and break stuff. Really, when we’re
talking about structures, they don’t
generally behave differently because
they are big. The 3D modelling and the
programming will increasingly come to
the fore. In neither case do you need to
be expert. But I think it’s very important
to understand how computers work in
the background. How do programs work.
How does software work. When you’re
modelling something in 3D, what is that
data? Not ‘what is the button to draw a
sphere’, but what is the underlying data?
How is it stored? What is the difference
between a mesh and a NURBS surface? I
think those things are important.”
ED: How do you feel about winning
these awards?
IW: “I forgot to say in my little speech
that I am extremely pleased. Also, one of
them says ‘young member’. That’s good.
I’ve got two kids now; I feel like I could
use the description ‘young’.”
ED: Do prizes help the industry?
IW: “I don’t know. What I can say is
that it means something to me. I don’t
necessarily think of what I do as being
special. It makes a difference to me
when external people who don’t know me
say those sorts of things.”
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Ms Maker
Performance artist and co-founder of the Institute of Making, Zoe
Laughlin, won the 2019 Inspire, Support, Achieve award. Here, in
edited excerpts from a longer interview, she describes how she got
into engineering, and the importance of materials
ED: You have said that there’s no such
thing as materials, only structures. What
do you mean?
Zoe Laughlin (ZL): “That’s as much of
a provocation and a conversation-starter
as anything. It’s really to say, there’s only
ever stuff – materials as they manifest
themselves in the world. You might
say, copper is on the periodic table;
it has this many protons, neutrons or
electrons, it will have this type of valence.
Those are properties that give it certain
characteristics when you find it, even if
you only have a lump of copper rod. But
if I cut that rod in half, one bit might live
in a drawer and another bit on a shelf,
and they’ll patina differently and react
differently. If you handle one more, it will
oxidize more rapidly; the material status
of it is always in flux. You have the idea of
copper on one hand, and then you have
copper in the world. And I suppose that
it’s fighting that sense of materials not
really existing - they’re always an idea
that’s then applied to something, and it
might be a thing on the periodic
table that you
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would call an element, or it might be an
idea of a family of something that you
might call glass.”
ED: Are you saying there is only a limited
use in calling all of those different types
the same thing?
ZL: “Ultimately it’s a good enough
description that gets everyone agreeing.
We know what we all mean. But you are
sitting right now in the Materials Library.
Being surrounded by stuff, you start to
realise that you can map the similarities
and differences between things in a way
that would be very different from just
putting all of the metals on one shelf.
Actually the powdered copper maybe has
more in common with cornflower than
another bit of copper, because of its
fineness; the fact that you can blow it; you
can breathe it in. You could just have a
shelf of things you could inhale. It would
be equally valid.
“Another problem is that people
only see the object, they don’t see the
material. They just see ‘chair’, but they
never think ‘polypropylene chair’ – or not
until maybe you introduce a material
that challenges their preconceptions
about how a material might
function, like if the chair was
made of glass. When you
change the material, maybe
you start to realise that
always the material is
doing something, that the
material and the object are
inextricably linked.
“But when you see new technologies
like 3D printers that offer a new process

and potentially new materials, you start
making new objects. The form and the
material and the function are inextricably
linked. When you have new machines
that can create new forms in new ways,
you don’t only get objects that have new
functions, but you also need to address
the material it should be made out of, and
the forms that you’re choosing. It’s really
difficult to imagine totally new things.
“For me, making is ultimately defined
as the relationship between a material
and a process. We put the Materials
Library next to a workshop so we have
an overt selection of processes to hand.
But you know something different about
wood the minute you try to cut it in half.
That’s different to holding a bit, which
is different to looking at a picture of it.
In a way, we’re trying to look at all of
that which constitutes an experience of
a material and a process. That is the
making of something. And there’s value in
the doing, I think.”
www.ied.org.uk

Zoe Laughlin in brief
Weighing up cubes of
tungsten and human
hair, both taken from
the Materials Library

What’s the first thing you can
remember making?
ZL: “I remember my first toolkit when I was
really young, and it was a proper tiny tool
roll with real tools in; they were just mini. I
was making things all the time, obviously,
but I distinctly remember when I hammered
a nail into some wood. And then, within a
moment, a bigger bit of wood with a thinner
bit coming out of the top was a cricket bat.
I was probably five years old.”
How would you define
good design?
ZL: “When you realise care has been
taken. That someone has taken care to do
something and it’s better than it needs to
be. That’s good.”

ED: Isn’t there some kind of theoretical
knowledge that differentiates craft from
engineering?
ZL: “But there’s something that I would
describe as craft engineering that is the
missing moment. It’s the thing that’s
potentially between, for want of a better
stereotype, the data sheet and playing
around. What’s the space between those?
The knowledge that comes from a type of
practice that’s to do with an experience
of it, and the type of learning that you get
when someone shows you – you have
a go, you try it – and then you go to the
point of mastering it and being able to
do it that really sums up a craft practice.
The ultimate maker is someone who has
craft knowledge, science knowledge and
engineering knowledge.
“When we founded the Institute we
weren’t at UCL. When the opportunity
arose, it was really from the vision of
the engineering dean at the time and
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the whole faculty; they could see how
engineering has something to contribute to
our big notion of what making is, and that
they saw that as something they thought
would represent a side of what engineering
should be, and the conversations that
engineering should be having.
“So at UCL we are a cross-faculty
institute, which basically means that
anyone at UCL can become a member, so
that can be staff or student from across
any department. Although we sit under
the wing of engineering, we face out to
the whole university. Here, an architecture
student meets a fine arts student meets a
medic, meets a chemical engineer, meets
a computer scientist meets a French
historian. There is such a wide range of
practices that it shows that they have
something to contribute to a bigger story,
but also that they are not in isolation;
it’s not a fair reflection of a true type of
practice to think it just exists in isolation.

What’s the machine you want
most in the making lab now?
ZL: “Can I include tool? Because literally
on top of my to-order list is a pipe cutter,
because I really love cutting things in
half. My thesis is in providing that crosssection, you see the thing in a way that
you’ve never seen it before. But in terms
of machinery, right now we can’t do any
serious metalwork; we don’t have welding.
That’s a hole in the heart. Also important
is a foodsafe experimental kitchen. Edible
materials are a whole different class of
materials that we’re really into here, and we
do a lot of work around, but we can’t use
edible materials and then eat with them.”
(see also selected tool list, p12)
How did you get involved in the
Institute? Were you a founder?
ZL: “Yes. In some respects it’s a life’s
work, it’s an expression of a type of
practice and type of approach. My baby
teeth are in here in the Materials Library;
not given to the tooth fairy but kept. Mark
[Miodownik], Martin [Conreen] and I are
the three founders. Fundamentally
we are three friends that liked
spending time together,
having lunch, and
cooking up bonkers
projects, and one
begets another
begets another.”
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Materials Library accessions range from
aluminium honeycomb to a rotting potato

New projects are born here because of
those adjacencies.”
ED: How exportable is the Institute of
Making model?
ZL: “Within an educational context in
general it’s very exportable, because it
essentially puts forward your interest.
Through being interested in a thing, you
need to find out about it; for example, you
can learn some equations for stiffness,
if you want to make sure this thing won’t
bend. Then you do a bit of maths. It’s that
model that some schools take on, which
is project-driven.”
ED: What Institute of Making project are
you most proud of?
ZL: “There’s a spectrum. The people who
came here so frightened and unconfident,
but left with a new hobby – they for me
are as rewarding [as] a proper project.
Because you don’t know where the
edges are. That’s something that we
live by. Doing something for fun can
quickly become a proper project, and is
the best project because you want to
do it. However, we also had a member
who, in conjunction with their research
project, developed a new design and
simultaneously a new material for a
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3D-priinted honeycomb matrix bicycle
crash helmet. He basically developed the
prototypes here, got seed funding and
is now it is being rolled out and he’s got
huge amounts of investment. I’m proud of
the journeys that I see people going on, as
well as the research outputs. In my heart
of hearts, it’s about people. We’re about
materials and making and processing, but
it’s the human stories that I find the most
rewarding, when you really feel it’s meant
something to someone.”
ED: You do a lot of media, with
programmes on Radio 4 and semi-regular
stints on This Morning, for example. Why
is that important to you?
ZL: “It’s about enthusiasm and the power
of realising that you’re not the only one
who cares about these things, that it’s
part of a map of things that you can plug
into. When you have realised that you’ve
heard me on the radio, or seen me on
telly, and if it piques your interest, that’s
a gateway to this world. We don’t only
collect materials, we also collect people
who think that this is for them as well.”
ED: How did you, coming from a farming
background, and with an interest in all
kinds of things, end up with a PhD?

ZL: “Part of my modus operandi is saying
yes to opportunities. If someone says,
‘Do you want to come on telly?’ I’ll give
it a go, and then if it goes all right I’ll
do it again. I want to try to say yes to
stuff, because how do you know? The
opportunity to do a PhD wasn’t one that
I set out to find; it came to me. My first
degree was film and performance studies
in Aberystwyth where I found accidentally
an incredible course about processes
and materials. I was making things, and
it could be sculpture, but it brought the
3D of art and turned it 4D by adding time.
I started looking at the performance of
things, essentially, and how this has got
an agency. If I shake up this can [pointing
to a tin of shaving foam] and squeeze
this, we know what’s going to happen;
shaving foam is going to spray out
everywhere. That is a very performative
act; it is live and has an effect. And then
you realise the word ‘performance’ lives
in material science and engineering as
well, as in ‘What’s the performance of
this rubber when under stress?’ I realised
that ultimately knowing more about that
was going to make better things.”

INSTITUTE OF MAKING
TOOLS LIST (SELECTED)
Angle grinder
Bernina 1008 mechanical sewing machine
Chester Champion no 20V milling machine
Chester Engineering lathe DB10VS
Compressed air spray gun
Cordless drill
CR Clarke strip heater 600S
Formech 300XQ vacuum former
George Knight DK16 heat press
Glue gun
Hameg 100MHz 4-channel digital oscilloscope
LeCroy Wavestation 2012 waveform generator
Next Engine 3D laser scanner
Overhead gantry crane, 10t capacity
Raspberry Pi
Rohde Ecotop 60 electric kiln
Roland Modela Pro II CNC miller/router
Startrite 502E bandsaw
tinkerCAD software
Ultimaker 2 3D printer
Universal Laser Systems laser cutter
Wheel sander
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Superhuman
Popular in comic books and science fiction, wearable
exoskeletons are in fact being made and used today, with more
coming next year. Although far humbler than Tony Stark’s Iron
Man suit, they still offer a real benefit to industrial workers

T

he term ‘exoskeleton’ refers
to a structural reinforcement
on the outside of the body; in
nature, insects and spiders
have them, while fish and
mammals like us carry our reinforcement
on the inside (an endoskeleton). In the
human world, wearable exoskeletons
for industrial workers have only recently
spread from exclusively medical
applications.
The four models profiled in this
article – which are not intended to be an
exhaustive or even representative sample
of the market – share many common
characteristics. All are for able-bodied
people to help reduce injury in the long
term as either a
primary or
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secondary goal, although
none has compiled the
long-term data required
to be able to prove that.
All are passive, which
means no motors or
batteries, but instead
employ some kind of
spring mechanism. All are
wearable, and in particular
worn like a hiking backpack: on
the back, held in place with shoulder
straps, a hip belt and perhaps other
connectors at the chest or legs. As they
are intended to redistribute forces acting
on one part of the body to another, the fit
is an important factor.
Also, all of them have been developed
with input from medical specialists who
have expertise developing rehabilitation
aids for injured people. Some of the
developers were corporate spin-outs from
those institutions. Those connections
also helped provide objective
laboratory-based data. That
information complemented
the subjective feedback and
evaluations of multiple
generations of prototypes
by potential users.
Two of the four
designs, the EksoVest
and Comau Mate, do
essentially the same job
in the same industry.
The problem that
they aim to solve is a

consequence
of the way that
vehicles are
manufactured; at
various points, human
workers stand underneath
the vehicle, arms up, to screw
in some bolts or perform other tasks.
As Zach Haas from Ekso Bionics puts
it, “If the Fords of the world could build
trucks at benchtop height, I guarantee
that they would, the same way as if they
could have robots put in these screws
on the underside of these vehicles, they
would be doing it. But unfortunately, cars,
planes, or railcar [manufacturing] requires
people to build something so big that
at some point of the assembly process
the best option is to raise it up into
the air and work on it from underneath,
unfortunately.”
This position places lots of strain
on workers’ shoulder muscles. Both
designs resulted from collaboration with
automobile OEMs, Ford and Fiat Chrysler
Automobiles (FCA) respectively, to
develop wearables that would support the
workers’ arms when they were extended
out in front of them at around 90°; the
movement of raising the arms known as
abduction (as opposed to bringing them

www.ied.org.uk

MEDICAL DEVICES

Both Mate and EksoVest
transfer the weight of
the arms to the pelvis

down again, adduction).
For example, the Mate does not
increase the strength of workers, points
out Giuseppe Colombina, head of the next
generation business platform at Comau
(an industrial automation company owned
by FCA). He is also CEO of IUVO, a spinout of the Sant’Anna School of Advanced
Studies in Pisa, Italy that helped designed
it. “What it does is help compensate the
weight of your arm by a mechanical chain
that discharges the weight of your arm: not
to the shoulder, but directly to your pelvis
bones.”

THREE ELEMENTS
The device, which weighs less than 4kg,
consists of three elements, Colombina
explains: a passive mechanism called
the ‘active box’ to provide adjustable
gravity compensation; a mechanical chain
including linear and rotational guides to
naturally follow the body’s motion; the
surfaces of the device that actually attach
to the body.
The Mate team included input from
Icelandic design company Össur, which
designed the carbon fibre prostheses
(‘blades’) made famous by South African
athlete Oscar Pistorius. Mate comes in
two sizes: small/medium and large. Each
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can be adjusted in width at the shoulder,
in height, and at the belly. Since product
launch in December 2018, some 350
have been sold.
Although the ExoVest development
process at Ekso Bionics was similar, it
actually came about in reaction to a kind
of failure of an overly-ambitious project,
confesses senior product manager Zach
Haas. Formed in 2005, the company’s
first device was the EksoGT, an
exoskeleton device for assisting people
with rehabilitation after stroke or spinal
cord injury. But the company harboured
ambitions to expand into general industry,
and launched a new division in 2015. The
first idea was to develop a mechanical
arm that would support the weight of a
heavy tool (and a user’s arm). He says:
“We had a whole chassis suit
that an operator/worker could
wear and we bolted that arm
to the suit, but it transferred
all of the weight to the ground,
so the operator would not
feel the weight of the suit, or
the weight of the arm or the
weight of the tool that the
suit was holding. And while it
worked well in concept, it was
just a little too cumbersome

for people to adopt, so that’s why we
took a step back and the exoskeleton
with the super arm, and turned it into a
non-wearable device.” That became the
EksoZeroG tool support arm that mounts
to fixed equipment.
But separating the arm from the suit
resulted in the idea for the ExoVest: “Hey,
the reason why this is so cumbersome is
that you have to attach all of this stuff to
our legs, which is critical to transfer all the
weight to the ground. Could you just give
us a device for our arms?”
What has resulted is a device that
uses compressed gas springs to provide
5-15lbs (2.3-6.8kg) of force per arm.
When adjusting the device, which only
comes in one size, users can set the level
of assistance by swapping out the spring;
there are four. The spine post
adjusts to accommodate different
torso heights. In addition to
shoulder straps and a hip belt,
this device also includes arm
cuffs, important to make sure
the device is properly taking
the load. To make it easier to
take on and off, the ExoVest
includes a button to immobilise
the spring actuators. Also, the
parts of the ExoVest that make
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Exoskeletons provide users greater
endurance rather than greater strength

contact with the body, including hip belt
and arm cuffs, are available in different
sizes. They can be removed for washing or
replaced when worn. ‘Hundreds’ of units
of the ExoVest have since been sold.
Bringing the weight down was a
difficult design challenge, one that led to
a complete reevaluation of the device,
Haas states. “We can make a device that
weighs half as much, but then you can’t
provide as much force as the level four
spring provides, because it puts too much
strain on the lighter-weight components.
The ideal weight of a device is zero
pounds. It was a constant battle between
where shaving weight off was worth what
you had to give up, and where it wasn’t.”
The team would try to reduce weight by
redesigning parts with lighter components,
or swapping in lighter materials such as
carbon fibre where possible. “We were
looking for every opportunity to shave out
an ounce here or there. The idea was that
if we add up enough of those, we can take
our vest that started at 18 pounds, move
it down to 14 pounds and find in the end
that we got it under 10 pounds.”
Weight also factored into persuading
potentially dubious workers to use it,
he adds. “A lot of companies who are
coming to us know that these jobs which
have a negative rating ergonomically are
resulting in injuries over time. You still
have to convince the user, who says:
‘Why do I need this; I can do my job every
day without this.’” For workers to receive
the benefits of the device, both now and
into the future, they have to be willing to
strap something to their body that is not
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Applications include construction,
manufacturing and engineering

the same as just wearing a T-shirt, Haas
points out.

THE VITAL DESIGN ISSUE
Comfort was also a vital design issue for
Swiss design company Auxivo, developers
of the yet-to-be launched LiftSuit, a
harness for lifting objects such as
suitcases ranging from 5kg-25kg, currently
on trial at the Basel Airport, Switzerland
with ground handling company Swissport.
Volker Bartenbach, CEO of Auxivo,
states: “We have forces up to a couple of
hundred Newtons, depending on the level
of support. So how do you interface these
forces correctly with the human body to
ensure that it’s a good fit, that the force
transmission is working, but it remains
comfortable? This is the balancing act
of all of these exoskeletons. Otherwise,
if you have a pressure point like with a
backpack, you’ll want to take it off. And
that is not acceptable, actually.”
The LiftSuit, said to weigh less than
1kg, consists of a series of straps
running to blocks of an elastic material at
the back. When the user reaches down
below hip level, or leans forwards to hold
something in place, the straps pull on
the elastic, which stretches. That stored
energy then pulls the user back up. Load
in the lifting muscles of the upper and
lower back, hips and hamstrings can
be reduced by 10-30%, Volker claims.
Like the other exoskeletons, this device
compensates for gravity, but of the whole
upper body, rather than just the arms.
Like the others, the suit reduces general
fatigue. To put it on, users slip into the

shoulder straps, and then fasten a hip
belt. Unlike the others, there are also
closures that go around the upper legs.
Applications include not only baggage
handling, but also healthcare – nurses
spend a lot of time bent over patients,
for example – as well as logistics,
construction and perhaps agriculture, too.
A key feature of the design is that it still
provides benefits to users when they are
kneeling, for example in a cargo hold.
“It’s almost impossible to find a technical
solution for inside an aircraft hold,” points
out Swissport innovation and IT manager
Silvio Bosshardt, speaking about robots or
other non-wearable assistance machinery.
Not only are the spaces confined, but
aircraft operate on tight turnaround
times, complicating the deployment of
equipment.
Having developed the basic
functionality and having proved the
concept, Auxivo is now in the process
of selecting materials and making final
designs. “We will rely a lot on textiles
to keep the weight down and make it
breathable,” Bartenbach says.
Austrian design agency Edera Safety
took the testing element of exoskeleton
research and development to an extreme
in developing a sports back protector
under the brand name ‘adamsfour’ that
is expected to launch next year (prototype
pictured, p15). The company plans to
launch the first product as a concept
design at an international sports fair
next year, having won two contracts with
sporting goods brands.
MD Thomas Adams Saier’s inspiration
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for the project came a decade ago when
his older brother broke his back while
snow kiting. A family friend who was a
trauma surgeon pointed out that the
back protector that he was wearing was
useless in his case. As luck would have
it, a major study of spinal cord injuries
published around that time backed up that
conclusion.

CRACKING THE PROBLEM
Since then, Edera Safety has spent
more than €400,000 of national funding
and private investment on research to
crack the problem. He recalls: “When we
started, the big issue was that there was
no biomechanical data available where
we could validate our hypothesis that the
kind of devices that we were designing
were right or not. That was where a very
big development journey started.” The
company performed tests on cadavers,
ultimately building a test dummy with a
rotating spine, and a test bed around it.
The research revealed that the spine
naturally has a weak point in the lumbar
area (the small of the back) where it
is braced by neither the pelvis nor the
shoulders, so is vulnerable to hyperrotation. There are two types of spinal
motion: active, which is the amount of
motion an individual can create by tensing
muscles, and passive, in which someone
else moves the body. Saier found that
the spine can safely rotate farther than
a person’s muscles can turn it, before
causing an injury. “Our device works in
this grey area,” he says.
While it’s easy to make a consumer
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product that will restrict motion of the
thoracic spine – it’s called a backpack –
it’s a different story for the pelvis. Saier
adds: “You can’t make something like a
climbing harness, because the market
probably won’t accept it. Therefore we
had to develop a system that, if you have
an rotational impact, and if that rotation
force starts to rise, then the friction at
your pelvis exponentially rises with the
force which is being applied. We are going
for a structure which is able to change
its length if a rotational force is being
applied.”
Having produced some data, and
imagining generally how the device was
going to work, Saier took a new approach
of developing the design automatically,
based on field testing data from a team
of extreme sports athletes. He explains:
“We started with a simulation where we
said, the point of the optimisation is to
absorb rotational forces on your spine,
but we had no clue how much force was
actually occurring in your spine to cause
an injury. We developed a measuring
system with integrated sensorics that is
actually measuring data out there when
our team riders go riding with it and then
just loops this back into the system.
We used a topology optimisation with
Autodesk that started to redesign and
optimise the design itself. We rebuilt
the results and tested them on the
test bed, and achieved
the results

that we were looking for.
Then we said, ‘Okay, now
we can start converting
this into a physical
mass-produced project.’
That approach is
pretty new.”
He adds that

during development the design of the
product has changed radically. “I would
say that the main concept of how the
lines [of force] actually run around your
body were found intuitively. We tested
about 125 concepts and designs on the
test bed until we found something that
worked. But the remaining 30% which
really improved the system, that was
something that was coming from the
team riders and generative design. That
was because the program was telling us,
‘you need more material here, and less
there in order to get the same results.’
The width and length variations were
really influenced by the team riders and
generative data that we got out of it.”
It is clear that exoskeleton designers
have gone to great lengths to optimise
these products to suit the users. While
their market remains limited to a few
applications at the moment, it will not
necessarily remain so. Haas at Ekso
Bionics concludes: “As our technology
continues to improve, we’re not only
going to see wearables in key industrial
applications, but also we will see people
using wearables in their
everyday lives, maybe as
simple as a small shoulder
device to help with yard
work, or something a
person can wear around
their hips and back and
knees to help with
chores around the
house.”

Soft goods in a
range of sizes adapt
the ExoVest to the
wearer’s body
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King
of the hill
The first of a new type of Dutch flood defence system was installed in Somerset last year. The
system consists of a grid of precast concrete blocks with an unusual design that reduces wave
run-up, which enables flood defences to be built lower, potentially saving an immense sum on
construction costs

H

aving now been used in
Netherlands for more than five
years, the Hillblock concept
was invented by the late
Dutch entrepreneur Hans Hill. His original
idea in about 2003 applied the principle of
a structure containing pockets to absorb
the energy of waves in water. But it was an
entirely different environment: swimming
pools. Noticing that the wake generated
by other swimmers was

slowing down his lap times,
he designed a float for the lane ropes.
A conversation with a professor at the
University of Delft, Marcel Stive, led to him
considering applying the idea to the larger
market of flood defences.
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That topic is something of a Dutch
national preoccupation, following the
devastating floods in 1953 that killed
1,800. As half of the country’s ground lies
within a metre of sea level, it is protected
by a system of dykes and levees. They
are generally built from a sand or clay
core covered with geotextile to improve
resistance to breakthrough, as well as
10-15 cm of aggregate. Then the landward
side is usually planted with grass,
and the sea face protected by rockor concrete-based protection called
revetment. These might consist of
basalt blocks or rock armour, which
consists of a rough irregular surface
of cobble-sized or larger stones,
secured in place with dry grouting –
gravel or pebbles poured over the
top of the surface that lodge in the
gaps and cracks between them
and tend to lock them in place.
Storms threaten these
defences because they send large waves
crashing against the dykes. Two aspects
are particularly destructive. First, large
waves might go over the top the dyke,
potentially weakening the dyke from the
rear side, as happened in 1953. Second,
the scouring force acting on the seaward

surface that erodes dunes and pulls out
revetment blocks increases with wave
height. Returning sand that washes
away from beaches is a big industry in
the Netherlands, reports Aroen Mughal,
Hillblock chief technology officer.
The Hillblock design counters both
threats. Shaped a bit like a champagne
cork, the assembled two-piece blocks
feature a rounded bulbous head tapering
to a narrow waist, and then bowing out to
form the top of a foot, which tapers slightly
again at the base. When the blocks are
installed in a grid, gaps of up to 10cm
at the surface channel seawater into a
kind of subterranean chamber, sapping
the wave of energy and reducing run-up.
Mughal estimates that the effect reduces
wave runup by 30%, saving 1m-2m of
dyke height, depending on its design.
On a common 1:3 slope, every metre of
height requires three metres of width,
so the blocks can save a huge amount
of earthwork. The maximum slope angle
allowed is 1:1; above that, the blocks
risk falling out due to gravity. In the
Netherlands, these blocks are allowed to
be used in areas experiencing storm wave
height up to 5m.
Hillblocks are installed dry on top of
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a smooth, non-compacted granular layer
10-15cm thick. They are lifted into place
by an excavator using a pneumatic clamp
attachment that picks up a 1m square
group by clamping them at the sides, and
places them as group against kerbing or
another row of Hillblocks. Once the top
row is concreted into position, pebbles
are sprinkled over the top, wedging them
together. Still, they are free to settle; and
that’s an important feature for dyke safety,
Mughal argues. If they were concreted in
place, they would be stuck rigid, unable to
sink into the telltale dip that might mean
potentially serious subsidence or erosion.
However, the frictional force that keeps
Hillblocks together still exceeded the
destructive abilities of the maximum 5m
simulated wave height at the Deltares
Delta Flume during the last trial in 2016.
As a result, testers added a safety factor
to the design, but the makers remain
unsure of the exact strength of the system.
(However, in case of breakage, Hillblock
and its manufacturing partner have devised
a removal method that involves a low-tech
method of prising up individual blocks
using a crowbar). Flood defence materials
suppliers such as Hillblock must have their
revetment blocks tested at this facility to
win approval for national deployment on
the defence network. Hillblock’s first trial
was in 2012, and won nationwide approval
after that.

HIGH UP
The block is generally intended for the
higher part of the dyke, the wave run-up
area. Test evidence and operational
experience has shown that the fast water
flow through the blocks tends to clear out
any flotsam and jetsam. At sea level and
below, an alternative design, Ecoblock, can
be installed that has a rougher concrete
finish, facilitating attachment of seaweed
and marine life such as barnacles. Those
crevices are not cleaned out by the action
of the waves, but instead can foster
marine life.
Dutch concrete parts manufacturer
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Martens Beton exclusively makes the
Hillblock, from a mix said to be very similar
to that used for paving stones. A standard
whole 35cm-high by 25cm-diameter-wide
block weighs 32kg, although ferrous
additives can be included optionally to
increase density from 2,300kg/m3 to
2,900kg/m3, which can help reduce the
size of Hillblock installed.
The first prototype models were wetcast into plastic moulds. But the delays
caused by drying time were impractical,
so production switched to a different dry
cast mix whose consistency was more like
wet sand, and which is pressed into the
moulds. That enabled blocks to be formed
in about 20 seconds, although they
still require a 28-day cure to
reach maximum hardness.
The blocks are split in two
to simplify the casting
operation, but the makers
are currently researching a
single-piece casting method
that is slower than the current
one, but still expected to improve
manufacturing efficiencies.
Hillblocks have been designed in
heights ranging from 20cm to 70cm.
The Somerset installation was the
family-owned company’s first export order,
and was aided by a Dutch government
grant called ‘Partners for Water’.
But even as Hillblock gears up for
foreign expansion, not only in the UK
but also in Germany and France, it has
changed its home market, according to
Mughal. “A revetment stone is a short
column of concrete. It’s actually quite
simple. For a long time, there was really
no evolution in the shape until Hillblock.
Nowadays, you can see competing
companies are also trying to evolve their
products to find better ways of making
these revetment blocks and see how
they can increase wave reduction. In that
sense, the introduction of Hillblock was a
stimulus for other producers of revetment
blocks to find innovations and ways of
making better flood defences.”

BRISTOL CHANNEL PROTECTION
The UK Environment Agency has been
maintaining two old flood defences on a fourmile stretch of the Bristol Channel coastline
near Stolford, running between rock armour
at Hinckley Point nuclear power plant and the
Steart Marshes some four miles away. The first
is a 7m-high ridge of shingle over a clay core.
Some 150-200m behind that lies a 9m-high
clay embankment built in 1977. They protect
some 20 homes, a site of special scientific
interest and agricultural land. High waves from
storms tend to thin the shingle ridge, requiring
annual – and sometimes biennial – restoration
work involving a bucket excavator to raise
15t of material to restore the ridge’s
trapezoidal profile. The average
maintenance bill has totalled
£40,000 in the last few
years.
As it happens, the longtime framework contractor
for this part of Somerset
is a joint venture Team Van
Oord (consisting of Kier, Mackley
and Dutch companies Van Oord and
engineering consultancy Royal Haskoning DHV).
When the Environment Agency decided to hold
a value engineering workshop to devise a longterm flood defence plan for the area, Hillblock
got involved.
In the end, the Agency’s £1.4m budget
wouldn’t stretch to the traditional rock
armour solution, so it decided to focus on
protecting the earth barrier. On advice from
Royal Haskoning DHV, contractors changed
its slope from 1:4 to 1:7.25, and laid 200m
of Hillblock on a key section of the barrier
where the risk of overtopping was seen to be
the most significant. “In terms of performance,
it’s a passive scheme; we don’t need to do
anything. That’s what we want,” says Meritxell
Fernandez-Garcia, senior user and technical
advisor responsible for South Somerset asset
management.
Meanwhile, the Environment Agency has
stopped shoring up the shingle ridge, which the
sea will breach at some point, creating a new
salt marshland on the channel.
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Protecting distracted
pedestrians isn’t as
easy as it seems

Making sound

without noise

Electric and fuel cell powered vehicles, among others, tend to run much more quietly than those
with internal combustion engines. That poses a big risk for unwitting pedestrians who step into the
road without looking around properly. Technology is coming to the rescue, in the form of a new
alerting system required by law

F

rom July, new models of
alternatively-fuelled vehicles,
including battery-powered cars,
vans and trucks will be required
to fit a so-called ‘acoustic vehicle alerting
system’ to warn vulnerable road users
of their presence. In two years’ time, all
vehicles will need to have them, according
to ECE Regulation 138.
For decades, safety authorities have
known that quiet vehicles such as batteryelectric hybrids are so quiet that they
confound pedestrians’ expectations,
leading to a greater risk of accidents.

Research carried out in the early 1990s
by the US National Highway Transportation
Safety Board, for example, found that the
risk of a person in a car park colliding
with a quiet vehicle was seven times
higher than that posed by a vehicle using
a standard internal combustion engine,
according to Tony Bowen, LCV & projects
manager at Brigade Electronics, which has
developed a product for this application.
Despite that, the rules have been
developing for years. Since Regulation
138 was published by UNECE in 2016,
there have been four amendments. And

A HISTORY OF THE REVERSING ALARM
Chris Hanson-Abbott compared the sound of the first truck reversing alarm he ever heard to ‘a
pregnant duck quacking’. On a business trip to Tokyo, Japan in 1976 the entrepreneur – then
working as a shipbroker – heard a strange noise coming from a small truck that was hugging the
kerb and backing towards him. It turns out this unit was a prototype device installed by Matsusaburo
Yamaguchi of automotive parts manufacturer and distributor Yamaguchi Electric Company, who
Hanson-Abbott tracked down north of Tokyo. As it happened, the inventor spoke English, and
Hanson-Abbott negotiated to bring back a box of 50 of the electromechanical devices to sell in
the UK. He built up the business from an advertisement in Exchange & Mart, along the way taking
a stand at the Commercial Motor show, as it was then known, in Earl’s Court, with a working
demonstration of the rear end of a car. In the end, the innovation proved popular partly because of
its timing; the Health and Safety At Work Act had only just come in, so a greater awareness of safety
was percolating through society. Hanson-Abbot won an OBE for his services to road safety in 2014.
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implementation of USA’s own regulations,
through the NHTSA, has also been pushed
back to September 2020.
As regards the cause of the delays,
Brigade’s OEM commercial manager
Richard Nevard, speculates: “It’s because
they [the regulators] are going through
understanding the problem, and finding
a solution that is effective but not too
prescriptive.”

LEADING THE WAY
But now that the rules are here, large fleet
operators mindful of health and safety, and
transport authorities with a strong safety
agenda, such as Transport for London, will
lead the industry in adoption. Last year,
TfL published a ‘Vision Zero’ manifesto
arguing for zero deaths or serious injuries
by 2041; it also includes a 2022 target of a
70% reduction of people killed or seriously
injured compared to the 2005-09 period.
TfL has, in fact, let a tender to AECOM to
develop a specific London bus sound for its
electric fleet.
As for Brigade, its own journey towards
a product that meets those requirements
has taken more than 40 years. It was in
1976 that founder Chris Hanson-Abbott
launched the world’s first reversing alarm
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(see box). One of the most important next
steps was the launch of its broadband
sounder, or BBS, in 2000, also for
reversing vehicles. In contrast to a singlefrequency digital tone, it emits a ‘white
noise’ over a number of frequencies. This
is said to be not only more pleasant, but
also, crucially, more directional. Brigade
would demonstrate this by placing a
blindfolded volunteer in the midst of a
circle of eight speakers, one of which
randomly made either a tonal or broadband
alarm. The volunteer’s job was to turn to
face the speaker that had sounded, so
they could catch the ball that was thrown
at them. Or not. “If it’s tonal, there was
every chance they would be 180 degrees
out,” recalls Nevard.

MEETING EXPECTATIONS
Designing an alarm sadly isn’t only a
matter of being audible and directional;
it has to take into account the hearer’s
psychology as well. Nevard points out:
“People look for the wrong thing; so
it’s important that it’s a sound that
they recognise. We did some work with
the sound of cows. That’s great for
getting people’s attention in an urban
environment; you don’t expect to see a
herd of cattle in Oxford Street. But the
problem is that they don’t look at the
vehicle that’s generating the sound. They
look past it, because they are looking for
the cows.”
Lacking the growl of an internal
combustion engine, quiet vehicles pose
the greatest risk to other road users when
they are about to move off. A bus driver, for
example, cannot move away from the kerb
until the road is clear; and without some
kind of alarm, those who are not paying
attention will not know to get out of the way.
So Brigade’s Quiet Vehicle Sounder
product starts emitting sound as soon
as the vehicle’s driver releases the
handbrake, and it continues to do so
until the vehicle reaches 20mph, when it
switches off. At that speed, the crunch of
its tyres on the tarmac and whoosh of the
air it displaces will be loud enough to warn
other road users of the vehicle’s approach.
It uses white noise, like the reversing
alarm. But to avoid any confusion of the
listener, the QVS sounds continuously,
while the reversing alarm is interrupted
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with pauses lasting a fraction of a second.
Of course, the faster the vehicle goes,
the less time there is to get out of its way.
The regulations recognise this inevitable
fact by requiring the sounder volume to
ramp up with velocity. And that’s not all;
the sound also changes frequency with
increasing speed, helping provide another
auditory clue about speed, just as a
labouring engine would. Brigade’s QVS
emitter produces a sound that includes
four frequencies: two that move in pitch
and two that are fixed, for blending.
In developing the QVS product, Brigade
tested some 80 sound profiles, all of
which met the minimum criteria, with a
panel of testers chosen to be diverse in
ethnicity, age and sex, to make sure it

of vehicles around them. BAE Systems,
via Lex Autolease, fitted the sounders
to Nissan e-NV200 vans. Other triallists
include Birmingham University, road
repairer Conway and parcel firm Hermes.
The sounders – which are being fitted
as standard to Jaguar Land Rover’s I-Pace
sport utility vehicle, are also suitable for
electric pallet trucks, small diggers, local
delivery vehicles and buses and coaches.
European car and truck brand Renault and
truck brand IVECO have elected to design
their own systems. But the more niche
markets, such as bus and coach, are of
most interest to Brigade.
The device itself consists of a 120mm
by 115mm by 130mm speaker inside a
waterproof (IP68) housing to be mounted

Vehicle alarms aim to make sound only
where it is needed

would work for any pedestrian in an urban
environment. It was also tested on real
roads in both North America and in Europe,
as the road surfaces differ greatly.
Nevard says that the first step was
static testing, asking its panel subjects
which of the sounds generated in a
static trial they like or dislike, and why.
Those results led to a trials of a smaller
number on actual vehicles. Those tests,
in turn, were honed down again, and the
frequencies and how they moved on a
particular vehicle were fine-tuned. Then,
finally, a particular sound was tried out on
a range of different vehicles in different
environments.
Real-world trials started in late 2017.
They included trials on vans at Portsmouth
Docks, where the Navy was concerned
about the welfare of sailors off of long
tours of duty at sea, who take little notice

at the front left-hand (offside) of the
vehicle, ideally behind a front grille that
allows the sound to pass. Aiming the
speaker at the target audience helps
maximise the chances it will be heard,
while reducing its effect in generating
noise pollution. “You don’t need to hear
it outside of the danger zone,” states
Bowen. The speaker is controlled by an
ECU, to be mounted inside, that takes
an input from the vehicle’s tachograph
(in commercial vehicles) or its CAN-Bus
electronic control system. Installation
takes about a day, and Brigade engineers
usually train the trainers.
Regardless, the largest amount of
education required is of the customer
markets to which Brigade is selling.
Nevard concludes: “The first time that you
bring something like this in, people make
some very wild assumptions.”
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Soundscape
Sound engineering in theatres and clubs relies on placing speakers, adjusting their volume, and
modifying the timing of the signals they emit. These methods assume that the pressure waves that
we hear as sound reach the listener in almost the same way, and rely on using a large number of
speakers. But structures that can steer and focus sound waves even in audible wavelengths are
currently in development, and promise to completely change the way we listen

S

tructures whose arrangement
creates properties not found in
the base material are known as
metamaterials; since 2007 they
have been used to create lenses and
filters for light. More recently, similar
structures have been used to affect
acoustic waves. A few years ago, a group
of researchers from Sussex and Bristol
Universities used metamaterials in
the outside the range of hearing in the
ultrasound spectrum (20kHz-10MHz or
greater), frequencies used in medicine
for scanning, and in industry for crack
detection.
In 2017, they demonstrated the
ability to focus ultrasound waves into
an intersecting pattern that was stable
enough to hold in place a polystyrene
pellet in otherwise empty air some 10cm
above an electronic transducer.
The secret of this acoustic levitation
trick lies inside the lots of little 3D-printed
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bricks that were contained in two 16x16
grids, one stacked on another, which
worked together to cradle the ball. The
bricks were all the same external size, and
all were all open at both ends. But inside,
they contain a twisting passage that
snakes back and forth across the width
of the brick. Some bricks’ insides were
completely open; some were a little bit
bendy; others were completely convoluted.
What these labyrinths do is delay the
time sound takes to pass through the
surface, explains University of Sussex
lecturer Gianluca Memoli. He adds: “If you
take a brick, and take an empty channel to
the side, and send sound through, it takes
a certain time to go through the empty
channel, and more time to go through the
brick, simply because it looks like a maze.
By changing the [time] delay, you can then
shape what happens to the [sound] beam
coming out.” He compares the bricks to
a flute, which is a tool for influencing the
sound by changing the path that air takes
as it passes through. “What we discovered
in 2017 was that the library of bricks only
needs to contain 16 designs, to do any
shape of sound you might think about.”
So a metamaterial grid consists of
a two-dimensional array of 16 different
types of bricks, each with a different type
of internal labyrinth that delays sound
passing through it more or less. Designing
the grid lattice itself – determining which
bricks go where – he characterises as
‘a bit of an art’. (The 2017 grid, colourcoded to represent different brick types, is

shown at bottom left; a photo of another
grid is above right). Generally, though, to
make a grid the designer works backward
from where the sound is needed; this
determines which bricks can be used
where. Also, the bricks have to be oriented
randomly, or can create directional
artefacts.
Memoli describes the bricks used in
the 2017 grids as big – not as physical
objects, as they were only 4mm by 4mm
by 8mm in the direction of the sound – but
because they were built so their length
corresponded to one whole wavelength.
When applied to the audible spectrum,
that’s a problem, since wavelength
increases as frequency decreases; using
exactly the same technology at say 100Hz
(in the bass region) would require each
block to be 3m long.

CONTINUING DEVELOPMENT
However, since then, researchers have
succeeded in shrinking them. Last year
Memoli presented blocks measuring only
2cm in length that are able to filter sound
between 4-6kHz, the last two octaves on
a piano.
Size isn’t the only problem in moving
metamaterials into the audible range.
Another issue is how to increase the
bandwidth of the focused sound to capture
the full range of tones in the spoken voice
or music. This is possible, but reduces
the transmission power efficiency, Memoli
explains. He says: “It’s a design question.
The frequency range on which they
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operate is
a constraint
that you put into
the ‘machinery’ – into the
algorithm that we invented. The filters
that we had in 2017 were very good at a
single frequency – all of the sound passed
through. If you pay a bit in terms of
decibels, by say 2-3dB, then you can have
wider bandwidth.”
Still, extending the bandwidth remains
a crucial question of metamaterial
research. But he also inquires: how much
bandwidth do we really need? “With our
ears, we can hear 11 octaves. Even our
pianos don’t go so high; they manage
eight, or 10 if you have a grand piano.
With our voice, we cover three octaves if
we are very good. But in our phone, in the
one I’m using now, we use two and a bit.
That is for me is an exquisite problem.
Whenever we think about sound, we think
of all of the spectrum, but we only really
use little bits of it. So maybe there is a
future where metamaterials don’t need to
cover 11 octaves, but maybe just the one
needed for the specific application.”
Regardless, current technology can
mimic existing directional speaker
technology – called audio spotlights – at
a fraction of their cost, says Memoli.
These high-end speakers use ultrasound
to transmit a narrow beam of sound,
into which they add in the audible
frequencies (music). Because of the
electronics involved, those speakers cost
some £2,000 according to Memoli; but
3D-printing a metamaterial grid to mount
in front of that would cost a tenth of the
price – and you can do it yourself.
But the uses of the technology go
beyond beaming sound in straight lines.
Last year, Memoli published a paper
describing a way to bend the sound
around an obstacle between it and a
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focus
point.
“Maybe one day,
if we get better on the
frequency, you’ll be able to have
this in a disco and have an area in the
middle of the dance floor with less sound.
Imagine that you can place it at the bar,
so you can finally order without shouting
all of the time.”

MORE APPLICATIONS
Another use is noise cancellation, about
which Memoli and his team were writing a
patent application in late July. This draws
on the same physical principle that is used
in noise-cancelling headphones: inverting
the waveform to cancel it out. Although
reluctant to explain the idea of his brick
arrangement in full, he hints: “If one of
the bricks lets sound go through, and the
other one inverts the sound going through,
and if you find the proper distribution of
bricks, maybe you can cancel what’s on
the other side.”
This is just scratching the surface of
the technology’s potential, Memoli argues.
“Imagine that in a building you can design
different parts of a door to keep out some
of the sounds and let others through.
Or you can bend sound to go around a

corner or around a person, or you can send
different content to a person in front of
you and to a person to your side. This is
all fascinating, and it’s completely different
from what we had before.”
He continues: “The most exciting part
for me is that it’s not the material itself;
it’s the design that you put in it which
does the trick. That boundary between
art and engineering is what gives the
result. That’s why I work so much with
artists.” He is working with musicians
to write compositions for speakers with
metamaterials; with digital artists to find a
way to use metamaterials to track a user
navigating a space with sound but without
headphones; with theatre performers
on a different way of interacting with the
audience by sending sound messages to
specific parts of the auditorium.
As to their strategy to commercialise
this technology, researchers at Sussex are
currently trying to find the most profitable
product opportunity from a wide field.
“It’s so broad that making a company is
difficult, because there are such a large
number of possibilities. So we are still
exploring which one has the most market
potential. That’s because we have been
contacted by so many people; it’s difficult
not to be excited by all of them.”

Each brick contains an internal labyrinth of varying length. The right arrangement can bend sound
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A sample grid of bricks
that can focus sound

Patent infringement
into commercial
opportunity
Christine Jackson (partner) and Laura Steel (solicitor) of Wright Hassall’s commercial team
discuss how to turn intellectual property infringement to your advantage

Y

ou have invested large sums
of money in R&D and have
successfully patented a new
locking mechanism in the UK.
One of your salespeople discovers that a
competitor of yours has copied your design
and is actively marketing it, albeit in a
different geographical area, despite the
fact that only you have the right to exploit
the patent.
‘Flagrant infringement: straight to
court, do not pass go’ might be your
first reaction. This is a clear case of
patent infringement, and you could write
a strongly-worded letter to the infringer
demanding that it withdraw the product
from the market immediately. Firing off a
letter may produce the result you want:
the competitor may cease its activities,
sufficiently alarmed by their consequences.

On the other hand, if it chooses to
ignore your demands, you may find yourself
drawn into litigation in order to protect your
investment and market position. Patent
litigation can be a time-consuming, costly
exercise and should not be embarked upon
lightly or without professional advice. There
is an inherent financial risk in taking a case
to court: the infringer may launch a counterclaim challenging the legal integrity of
your patent, or the court may find against
you, with all of the associated costs that
implies.

CONVERTING THE POACHER
INTO A GAMEKEEPER
But pause for a moment. Rather than
demanding that the infringer desists, you
might consider exploring how the patent
for your locking mechanism could be

turned to the advantage of both parties.
A patent is a valuable commercial asset,
and licensing is one way to exploit it
without resorting to litigation.
How the infringer responds to a
cease-and-desist letter will depend
on its business strategy, financial
considerations, its attitude to litigation,
how aggressively you want to enforce your
patent portfolio, and whether the infringer
recognises the potential commercial
advantages inherent in actively entering
into a commercial relationship with you.
From your own perspective, before
deciding whether or not to negotiate
a licensing agreement, you need to
consider whether your own investment in,
and manufacture and distribution of, your
locking mechanism will generate more
profit in the long term than a licensing
arrangement.

A NEW OPPORTUNITY

Laura Steel

24

Christine Jackson

By agreeing a licence, you are
authorising the infringer to manufacture
your locking mechanism in return for
licensing (or royalty) fees, thus turning
the infringer into a licensee, and the
original infringement into a commercial
opportunity. There are several benefits
that will accrue from taking this route:
● You retain ownership of the intellectual
property rights in your locking mechanism
which you can exploit for future gain
● You gain access to new markets via
the licensee
● You gain additional brand exposure and
promotion, provided that your brand/trade
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mark is licensed along with the relevant
technology
● Your profits will increase through the
receipt of licensing fees and/or royalties
● You gain potential rights in any
improvements the licensee might make to
the technology
● Your licensee might be able to offer
you additional manufacturing capacity and
resources to manufacture and/or improve
the technology itself
● You avoid potentially costly and longwinded litigation
● You develop a relationship with your
competitor by turning it into a partner.

PROTECT YOUR POSITION
However, for all the benefits of
turning your infringer from poacher to
gamekeeper, you need to be aware of the
risks associated with licensing. These will
depend on factors such as the degree of
exclusivity of the licence: don’t grant an
exclusive licence without carrying out a
thorough due diligence exercise. If you
do not, you might find that your proposed
licensee turns out to be an ineffective
marketer of your locking mechanism,
with the result that you receive few or no
royalties (although you can mitigate this
by including a minimum-royalties clause).
It might seem blindingly obvious, but
you must protect your position by putting
any licensing agreement in writing. That
should cover:
● The duration of the licence
● The amount of royalties and/or fees
that you will receive and how: will there
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be an up-front fee and royalties, or
just royalties? Will those royalties be a
percentage of overall sales, or a fixed
amount per product sold?
● Whether you need to licence any knowhow, and whether you will provide any
technical assistance to the licensee
● What provisions relating to quality
control and marketing of the licensed
products are included
● Whether both you and the licensee will
be required to disclose and grant licences
of improvements in the licensed products
● Exclusivity. Will the licence be:
-exclusive (only the licensee can use the
licensed rights)
-sole (only you and the sole licensee can
use the licensed rights)
-non-exclusive (you and any number of nonexclusive licensees can use the rights).

When your day-to-day focus is on the
development, production, and marketing
of your patented technology, it is easy to
overlook what the competition is doing.
If you know that your asset is likely to
be attractive to others, make sure you
understand who your competition is and
make it very clear to the marketplace
that you have patent rights and will
exercise them if infringed. However, this
also gives you a great opportunity to
maximise revenue from your patented
assets by actively looking for prospective
licensees. This puts you firmly on the
front foot, sending a clear message to
your competitors: not only will you not
allow others to take advantage of your
technology, but also you are willing to
negotiate with them in a commercially
sensible way.

INTELLECTUAL PROPERTY RESEARCH
The UK’s Intellectual Property Office has also published a guide to
licensing intellectual property (available via www.is.gd/debezi). This
includes information, videos, checklists and examples. It also includes
a ‘skeleton licence’ to illustrate the kinds of language used in such
contracts, although the government recommends seeking professional
advice before making such arrangements. The guidance also points
out that IPO operates a database of patents that are available for
licencing, so called ‘licences of right’ (www.is.gd/canuyo).
Further advice is also available from one of 15 patent libraries in
the UK that offer assistance on intellectual property rights. There are
offices in: Aberdeen, Birmingham, Exeter, Glasgow, Hull, Leeds, Liverpool, London, Manchester,
Newcastle upon Tyne, Northampton, Norwich, Plymouth, Portsmouth and Sheffield. For contact
details, see www.is.gd/osimic. In addition, the UK Intellectual Property Office has published a guide
to using patent research, ‘The Patent Guide’ (pictured; download a copy via www.is.gd/obavij).
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Balancing act
It only took 155 years. A low-power design for airship propulsion laid out in S. Andrews’s US
patent for an ‘Aereon’ published in 1864 was borne out only earlier this year in the first-ever
flying trial of an independent craft of this kind, of the Phoenix unmanned aerial satellite (UAS)

PARTNER CONTRIBUTIONS
• Banks Sails: materials and fuselage design
• IQE: lightweight solar cell development
• Stirling Dynamics: flight control system
software, systems integration
• TCS Micropumps: pump and valve design,
flight control actuation system design
• CPI: project management, solar cells
• MTC: flight control system hardware
• NCC: carbon fibre wings and empennage
• University of Bristol: as NCC, plus stress
calculations
• UHI: chief engineer, aircraft architect,
aerodynamic design and wind tunnel testing
• University of Newcastle: hydrogen fuel cell
• University of Sheffield: wind tunnel testing
• University of Southampton: lightweight
rechargeable battery design; overall power
management system
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s the design requires no engine,
its payload fraction – the ratio
of payload to structure – is far
higher than competing airship
designs such as the Thales Stratobus,
Hybrid Air Vehicles Airlander or Airbus
Zephyr aeroplane. And that means that it
can be built for far less – up to 10 times
– than they.
Unlike the famous hydrogen-fuelled
Hindenburg dirigible that exploded in
1937, this craft was filled with noninflammable helium gas – at least for
now (see box, ‘Cool Tech, p29) – and is
intended to carry sensors, not people,
to the upper atmosphere. It and its
competitors are types of HAPS craft;
high altitude pseudo-satellites. These

would float up and hang around in the
stratosphere, at 60,000ft, carrying a
10kg-100kg payload, slowly coursecorrecting to maintain geosynchronous
orbits.
In practical terms, the six flights
achieved during the April trial of the
15m-long, 10.5m-wide technology
demonstrator inside the Trafalgar Wharf
drystack boat warehouse in Portsmouth,
though successful, fell somewhat below
those lofty goals. The 150kg craft
navigated at walking pace in and around
the still air of the 40m-high, 120m-long
building, following an autonomous flight
control program that controlled navigation,
actuation of control surfaces and
controlled top and bottom of flight path.
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COOL TECH
Two technologies developed for Phoenix
UAS, but not ultimately used on the
trial vessel, show potential for later
development.
First, IQE collaborated with CPI on
developing an extremely lightweight solar
photovoltaic cell specifically intended for
flight applications. Their so-called type
iii/v semiconductor-based cell has a
power production capacity of 1000W/kg,
compared to a figure of five times less for
silicon-based PV cells. Light in weight they
were; low in price they were not; the cells
proved too expensive to fit on the project.
Second, a team at Newcastle University
designed a reversible hydrogen fuel cell
that could either generate hydrogen to
be used for lift or to fuel a combustion
engine, using electricity, or run the
opposite way to burn excess hydrogen
to make electricity. The design was not
sufficiently advanced to be included in
the trial, but the work did provide data to
incorporate in future design work.

HOW TO CREATE FORWARD MOTION IN A BOBBING FLIGHT PATH

Generate
mass
It built on a proof of concept trial of
the propulsion method carried out by
Athene Works. But unlike the name might
suggest, the previous trial was a success,
although of a simplified version at a
smaller scale, and was flown by remote
control. All of this was built by a £3.3
million consortium: half from Innovate UK,
the UK’s innovation agency, through the
Aerospace Technology Institute; half from
12 partners, including five universities,
three high-value manufacturing catapults
and four industrial partners, and led by the
CPI, Centre for Process Innovation (see
box).
What both designs had in common
were their lungs – or, technically speaking,
a 7m3 ballonet inflated by a bi-directional
electric compressor – to make them go.
As helium is nearly seven times lighter
than the same amount of air, its supply
of the noble gas provides lift. Payload
and the weight of the fabric skin, plus
flight systems, offset this. The team
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mass

further decreased the margin between
lift and weight, to a few kilogrammes, by
pumping air into the ballonet: in this case,
a polyurethane bag, reinforced with woven
polymer.
Here is how it works. If the aircraft’s
flight path is tilted slightly down as it takes
on air, the force of the increased mass
pulling it down toward the earth also pulls
it forward. Conversely, the ship rises by
expelling that same air, and provided
the flight path points upward, that again
pushes it forward by the same mechanism
(ignoring the thrust caused by the expelled

air, which is another significant source of
propulsion, but which wasn’t measured
in the trial). Some seven square metres
of solar panels mounted on a stubby
horizontal wing, and on rear-mounted
ailerons, power batteries that drive the
compressor. The ship is designed to fly
overnight, and then be recharged during
the day from solar cells producing about
500W (according to a sunny November
trial), so it is completely self-sufficient in
energy.
So the ship bobs up and down as it
pootles along, like a cautious swimmer
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performing breast stroke, rising and
falling in the water as she inhales and
exhales. In fact, a class of submersible
craft called gliders propel themselves
through the water using exactly this
technique. In the first part of the stroke,
a rubber bladder toward the rear of
the glider inflates with compressed
air, buoying it up and increasing its
displacement (size; this also has a
lifting effect). In the second part of the
stroke, the system recompresses the air,
deflating the bladder and forcing the craft
down and forwards.
In that case, the craft changes
displacement, while its mass remains
the same. In the case of the Phoenix,
displacement remains the same, while
mass increases as air is pumped
in. That’s mass, rather than weight,
because it – not weight – contributes
to momentum, which determines how
hard it will crash-land, and so the risks
it poses to earth-dwellers. That was also
a key aspect of gaining airworthiness
approval. (In contrast, weight is the force
exerted on an object due to gravity). Total
mass includes not only the airframe and
payload, but also the volume of air in the
bladder and in the wings, plus even the

SEAM DISTRESS
David Banks is director of Banks Sails, the
industry partner responsible for buoyancy
and the airship structure. He recalls that
once the fabric for the ship was chosen and
coated, the cut pieces had to be attached
to one another to form the teardrop-shaped
airframe. Normally, polyurethane adheres well
to itself, so seams of material coated with it
can be permanently joined together by using
a high-temperature ‘welding’ machine.
The Vectran fabric, chemically speaking
an aromatic polyester spun from a liquid
crystal polymer did not weld well. To get a
good seal, technicians had to use higherthan-recommended temperatures during the
welding process. Unfortunately, doing that
melted the fabric’s polyurethane coating,
rendering the seam permeable.
The team eventually got around the
problem by inserting a piece of solid PU film
in the weld area between the two layers of
coated Vectran. Although doing so generated
a small amount of additional weight, it
ultimately saved more than it cost, as that
prevented the need to apply a heavier, meltresistant PU coating over the entire ship
surface.
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helium in its 135m3 volume. The test
vessel’s mass was limited to 150kg,
because that was the maximum that
would be approved by the UK aviation
authorities; more massive aircraft require
flight approval at a European level, which
adds time and cost.
So unlike an underwater glider,
Phoenix’s mass increases but its volume
stays the same when it breathes in.
That means necessarily its pressure
increases, slightly (operational pressure
ranges from 5-20 mbar). That its
shape does not change is important,
aerodynamically speaking. For any kind
of inflatable craft, a sphere has the
lowest, and therefore most efficient,
ratio of surface area to volume, explains
Andrew Rae, professor of experimental
and applied aerodynamics at the
University of the Highlands and Islands
(UHI). But, since spheres are not easy to
manoeuvre, air ships have tended to be
made in a tapered, teardrop-shaped form,
symmetrical along the long axis, and
resembling a wing in profile. The Phoenix
fuselage is close to a standard NACA
(National Committee for Aeronautics)
0030 airfoil.
That did not mean that engineering the
outer envelope was straightforward. As it
was extremely lightweight, the 172m2 of
woven, coated fabric consumed two-fifths
of the craft’s mass budget. In addition
to weight, another vital parameter of
the woven Vectran fabric chosen was
its resistance to stretch under tension.
Once given a polyurethane coating, the
fabric needed to be helium-proof; and any
stretch would tear the coating, creating
pinprick holes through which the helium
would escape. With an atomic number

of two, this gas has one of the smallest
nuclei of any material known, making it
difficult to contain.
The airship’s skin sits at the core of
a fundamental physical constraint of the
shape. From a design perspective, the
success of the airship rests on finding the
best balance between volume and surface
area. The volume of helium determines
the vessel’s maximum carrying capacity.
Although the vessel was a success at
its size, building a version that would
navigate the stratosphere will require
another design, according to Rae. The
team cannot simply scale up the trial
craft’s existing dimensions, because the
vessel needs more helium to be able
to reach 60,000 ft and carry a larger
payload. The team estimates that its 10kg
design payload may need to be increased
by a factor of 10 to be most useful in
stratospheric missions.
However, a bigger ship of the same
design could not reach operating pressure
before its fabric would be torn apart.
Bulking up the fabric to withstand the
so-called hoop stresses imposed by the
contained gases would add extra weight,
reducing its carrying capacity. And even if
the same fabric were used, it would also
require additional treatment to resist UV,
which would further add weight.
Instead, potential ideas for a larger
craft include tandem inflated sections
joined together, or inserting spherical
helium bags inside a larger rigid teardrop
vessel skin. Rae says that the team
is hopeful of assembling funding from
multiple sources for another trial, this
time to take 100kg to 60,000ft. The
first step toward that would be another
conceptual design.
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WHAT’S HAPPENING

Raspberry
ripens early
A new version of the Raspberry Pi
modular computer has launched,
a year earlier than predicted. The
Raspberry Pi 4 features a 1.5GHz
quad-core 64-bit ARM processor, dual
monitor support, and an OS overhaul.
Modules start from $35 for the bare
CPU with 1GB of SDRAM; $120 buys
the desktop kit with 4GB RAM, mouse
and keyboard (but no screen): see
also www.is.gd/fedeyo. Of the new
product, the company, founded by IED
President Pete Lomas FREng HonFIED,
says: “For the first time we provide a
PC-like level of performance for most
users, while retaining the interfacing
capabilities and hackability of the
classic Raspberry Pi .”

Letter to the editor
As soon as I saw the previous issue’s
Asides (‘Double Dovetail’, p5,
July-August), it brought to mind a
carpentry exercise that my granddad
completed some 90 years ago. He was
a carpenter and as I recall also worked
on wooden propeller blade shaping
at Yate’s Parnalls Aircraft Factory.
I remember him showing me these
(probably 45 years ago), asking “How
do you think I got that in there”?
As an ex-designer and chief
engineer for Rolls-Royce, I have often
encountered the ‘re-invention of the
wheel’ at design reviews. Still, it would
be interesting to know who came up
with this puzzle in the first place.
-Paul Davis BSc BA MIED
Letters are welcome; please send
them to the editor (details p2).
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Exactly: How Precision Engineers
Created the World
By Simon Winchester, published by William Collins, 416pp
Book review by Graham Jeffery
First published in hardback in 2018, this book aims to chronicle, albeit
in summary, the development and progression of engineering precision.
A copy of the 2019 paperback edition was sent to me as a present by
my son, who thought that the subject matter would be of real interest to
me, following my career in gas turbine design with Rolls-Royce. Initially,
I was encouraged by the enthusiastic reviews quoted in the flyleaves.
In his prologue, Winchester makes what, at first sight, appears
to a totally incorrect statement. He asserts: “the more precise the
manufactured piece, the greater the tolerance that will be needed”. I
initially interpreted ‘greater’ as meaning the same as ‘wider’, the term
that I, as an engineering designer, would apply to a tolerance band. However, in the next paragraph
he refers to a shoe as, “a thing of very low tolerance,” which immediately revealed what is for me
idiosyncratic terminology.
In chapter 5, the author compares and contrasts the work of Henry Ford and Henry Royce, making
the point that Ford demanded total interchangeability of parts for production line assembly, while
Royce relied on craftsmanship to achieve his perception of perfection. In the first few paragraphs of
this chapter, the author grossly oversimplifies the issue of problems he experienced with a couple
of Rolls-Royce motor cars in relation to the company being “sold off to the German company
Volkswagen.” That the Pym’s Lane works of the former Rolls-Royce Motors at Crewe was sold to VW
is a fact. However, as VW was unable to acquire the rights to the name, Bentley automobiles are now
produced at Crewe; while Rolls-Royce automobiles are produced at Goodwood, under BMW.
In chapter 6, Winchester interleaves the invention of the jet engine by Frank Whittle with the events
of 4 November 2010, when Qantas flight QF32 suffered an uncontained engine failure, just a few
minutes out of Singapore. The author is quite correct in ascribing the root cause of the event to the
fatigue failure of an incorrectly-machined oil feed tube end fitting and the resultant oil fire. However,
his description of the mode of failure of the intermediate pressure turbine disc, which burst in
overspeed, is woefully inadequate and incorrect. Also, in an associated illustration, the caption refers
to ‘five nozzle guide vanes in a jet engine, fashioned from single-crystal nickel alloy’. They are not
NGVs – the acronym by which Rolls-Royce knows them – and would not be single-crystal if they were:
they are, in fact, high pressure turbine blades, which would be single crystal castings.
Also in chapter 6, the author refers to Frank Whittle winning prizes, ‘the most valuable of which,
at around half a million dollars, he decided generously to split with Hans von Ohain’, the pioneer of
the jet engine in Nazi Germany. The actual prize is not identified, but I contacted Frank Whittle’s son,
Ian, who suggested that this comment refers to the Charles Stark Draper Prize, which was awarded
by the US National Academy of Engineering jointly to both recipients in 1991. There was, therefore,
no question of Whittle having had any decision in the matter. He did, however, generously share with
colleagues a small portion of the £100,000 award made to him in 1948 by the UK government. By the
way, it was Ian Whittle who piloted a Boeing 747 into Hong Kong’s Kai Tak Airport in 1987, with his
father on the flight deck behind him, as the author mentions: that anecdote is, at least, quite correct.
In chapter 7, Winchester moves on from the optics of camera lenses to consideration of the
trials, tribulations and optical correction of the Hubble Space Telescope. In referring to its launch by
the space shuttle Discovery, the author harks back to the Challenger disaster, which, he states, was
caused by the failure of a seal that allowed ‘fuel to leak from a solid rocket booster’. The leak was
actually of hot combustion gases, a fact with which viewers of TV documentaries might be familiar.
Having read the book, I found myself in agreement with the more critical comments posted on
Amazon. I was entertained, but certainly not engrossed, as I was, for instance, by Longitude, Dava
Sobel’s book about Harrison and his chronometers. However, Exactly is not a scholarly historical work.
In general, I was rather disappointed by the book’s lack of detail. In those areas where I have some
knowledge and experience, its accuracy was unfortunately lacking, which makes me wonder whether
there might be other inaccuracies elsewhere.
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Institution News
Bloodhound high-speed trials: back on
The Bloodhound Land Speed Record team has announced that the Bloodhound LSR car will run
for the first time on its dry lake bed race track at Hakskeen Pan, Northern Cape, South Africa, in
October 2019.
The team will be targeting 500mph – a key milestone on the journey to setting a new world
land speed record, following successful 200mph UK runway trials at Cornwall Airport Newquay in
October 2017. The record runs are currently scheduled for late 2020.
Since the project’s relaunch in March 2019, the team have been focussing on both the
logistics of deploying the team and car to the Kalahari Desert and converting the car from its
runway design to high speed testing specification. This has included fitting the high-speed metal
wheels, uprating springs and dampers, and adding the parachute braking system, more air
pressure and load sensors, and a fire detection and suppression system.
A big technical question is how well the wheels will grip the hard mud surface; frictional
traction from the shallow V-shaped profile will be less than 5mm at more than 200mph, until
supersonic airflow provides directional stability at greater than 500mph.
In March, Ian Warhurst, CEO of Grafton LSR, relaunched the
Bloodhound project, bringing a new name – Bloodhound LSR – a
new red and white livery, and a new home
at SGS Berkeley Green
University Technical
College.
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Greater London
Eamon Tarrant
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Yasmin Watts
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Election to Affiliate
Emily Quinn
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Elections & Registrations
Registration as Chartered Engineer
Thomas Channell
Southampton
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Greater London
Ian Wise
Monmouthshire
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Open University
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Craig Thomson
University of Strathclyde
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Ross Stewart Fisher
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Sean MacPhail
Karen Perry
Mia Shepherd
Scott Stevenson
Lee Turnbull
Laura Emily Veitch
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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

