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L

ooking back is a precarious thing to do. I’ve worked on a variety of
design projects in several industries. I’ve also had to think up a number
of design challenges for students. They usually begin with a broad vision
of what might be achieved, but the reality of meeting conflicting requirements
and staying within restricted budgets soon cuts ideas down to size. Promising
projects may be subject to budget cuts or ‘political’ interference, watering
down the result. The final product, if it survives at all, rarely matches up to the
initial promise. I’m reminded of a quotation from the author Iris Murdoch:
“I live; I live, with an absolutely continuous sense of failure. I am always
defeated, always. Each book is the wreck of a perfect idea. The years pass
and one has only one life. If one has a thing at all,
one must do it and keep on and on and on trying to
do it better.”
Despite that, she has been a very successful author.
Design isn’t easy, and the steps between that initial
concept and the product in the hands of the customer
can be long and frustrating. The initial idea can bubble
up from your imagination at any time; waking up in the
Every design can trace its history back to an idea, middle of the night (then trying to remember what it
was in the morning), in the bath (more bubbles), or
muses Colin Ledsome CEng FIED
even sitting at your desk.
I remember being at a desk, sitting opposite
another engineer, at one end of a drawing office. Our
chief draftsman, working close by, suddenly burst out laughing. When we
looked up, he said: “That’s what you go to university for. It’s so you can both
sit gazing off into space and still look as if you are working hard.”
A major factor in a successful design is the starting point. You must
understand what you are trying to achieve. Who is your customer? What do
they think they want, at what price? What don’t they know they would be
pleased to have by the time it can be made? Today we also have to ask, what
will be the environmental impact of manufacture, use and end-of-life
processing?
A design concept is usually in response to a work request, but may come
out of the blue from an unrelated thought or the sight of something that
prompts an idea. Most won’t get far, but the ones that do give enough
satisfaction to keep going, even if it is ‘the wreck of a perfect idea.’
Maybe the next one will be better. Keep trying.

In the
beginning…

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
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ASIDES

Hinges
Colin Ledsome CEng FIED considers the
familiar – but surprisingly tricky –
task of hanging a garden gate
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any years ago, I lived in a Derbyshire village on the
Derwent valley. One of our neighbours was a retired
Rolls-Royce engineer. He had a design problem. He
wanted to change his light wrought-iron gate for
a more substantial wooden one that was more in keeping with
the property. The existing gate hung on simple strap hinges, with
the pin side-set into a solid gate pillar. He didn’t want to change
the pillar, but was concerned that the hinges might not be strong
enough to support a heavier gate.
The particular characteristic of strap hinges is that the whole
weight of the gate inevitably rests on only one hinge. If the straps
on the gate are positioned so that the distance between them
is greater than the distance between the bearing surfaces on
the pins, all the weight is on the bottom hinge. If the distance
between the straps is less than the distance between the pins,
all the weight is on the top. Even if you could match the spacings
of hinges and pins exactly when the gate is installed, changes
in temperature and humidity would deform the gate and post,
altering the spacing between the hinges and between the pins
unevenly, and swapping the load back and forth between top and
bottom hinge.
His solution was simple but ingenious. He put the straps on the
gate closer together than the hinges, leaving a significant gap at
the bottom. He then selected a spring that would fit into the gap
if it were compressed by a load equal to half the weight of the
gate. This meant that the weight was divided equally between the
hinges. Any small changes in the environment would only change
the loading by a tiny amount. Problem solved!

Robot

WARS!
A new format of public-private innovation competition, for
robotic civil nuclear power facility decommissioning, has
emphasised integration and collaboration to overcome some of
the endemic issues with nuclear-industry projects

O

ne of the companies in an
industrial consortia which
competed in the event,
Matt Mellor, MD of Createc,
introduces the problem faced by the
nuclear power industry: “My thoughts on
nuclear, after quite a few years, is that it is
stuck in the same loops. There is a design
issue; people have missed the point of
nuclear decommissioning. They have not
learned the lesson; it doesn’t matter how
much time you spend designing, designs
usually don’t work in the way you intended.
They are good designs for a different
problem than what they have to solve.”
(See also pp10-11).
“Fundamentally, they are ignoring the
exploratory nature of decommissioning.
There are still people using techniques
from new plant design. The solution to
every problem is to design a new plant.
Then it goes through idea specification,
evaluation of concepts, design and test
in a non-radioactive environment, to solve
what they think the problem is. Then
they put it to work, and discover the real
problem. Either it could have been solved
for much less money, or it doesn’t work.”
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He blames poor understanding of the
problem in the nuclear sector partly on
lack of information – since some of these
areas are no-go – and also because of
lack of incentive in commercial contracts.
There are also cultural issues. “Engineers
like to solve problems. They don’t like to
think about strategies for dealing with an
out-of-control situation where you don’t
know the problems you are trying to solve.
That is more often dealt with by military
commanders and senior clinicians – it’s a
different mindset.”

A NEW APPROACH
Instead, Mellor argues in favour of pilot
projects, where a team aims to only chip
off a tiny part of the problem, learn more
and test the process, in contrast to what
he calls a general tendency in the nuclear
industry to think too big. “What we are
trying to promote is using agile and lean
concepts for decommissioning where you
do design and implementation hand-inhand, so you discover the problem and
solve it as you go, rather than having a
design finished before you begin.”
Createc was competing in a design

competition launched in 2017, the
Innovation in Integration in Nuclear
Decommissioning, and which is now
winding down. It aimed to do things better.
Melanie Brownridge, head of technology at
the government department in charge, the
Nuclear Decommissioning Agency (NDA),
has stated that this initiative marked the
evolution in innovation support since it
started working with Innovate UK, for a
number of reasons.
First, in organising the competition, the
NDA seems to be aware of the importance
of understanding the problem: “These
facilities are highly radioactive, we often
don’t fully know exactly what’s inside, how
best to open them up safely or remove
the waste. That’s one of the issues we

www.ied.org.uk
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constantly face with structures built so
many decades ago: no one gave much
thought to how they would be dismantled
and, often, no one has done it before.”
For that reason, the competition asked for
solutions that included robotics. They can
perform physical actions such as entering
an irradiated environment and cutting
things, without exposing a human.
Second, it is fully-funded. Usually,
contestants are expected to match
public funds in kind (through labour,
for example). However, each of
the 15 contestants that made
it to phase one were given
£50,000; three months later,
those five who reached phase
two received up to £1.5 million.
This, a first for the NDA, according
to Brownridge, helps to widen the net:
“Without the requirement to bring match
funding, it means that even smaller
businesses will have greater freedom to
experiment boldly and really test their
creativity.”
Third, the competition removed
restrictions on intellectual property
so that the work could apply to any
hazardous site, not just the ones
they had in mind. Subsequent publicprivate R&D competitions, such as the
GovTech Catalyst scheme, bear a strong
resemblance (www.is.gd/umikip).
To further help mitigate uncertainty,
representatives of the place where

www.ied.org.uk

the work was destined to be used, the
Sellafield Site in Seascale, Cumbria,
were included in the competition from the
beginning, contends Brownridge: “Having
the potential end-user involved right from
the outset has really helped to ensure the
technologies are tailored to the problems
we know we’ll encounter.”
That site is the UK’s
premier nuclear materials
processing location,
where since WW2 work
on nuclear technologies
has been carried out. Two
long-running programmes
to reprocess spent nuclear
fuel are scheduled to end this
year. When they do, the focus on
the site will shift toward decommissioning
– that is, clear-up, of the radioactive
materials and plant equipment in some
170 nuclear facilities there.

SHIELDED CELL FOCUS
The competition focused on one particular
type of these: shielded cells – cramped
spaces packed with vessels and other
equipment. Clearing these out using
people is dangerous and expensive; and
the radioactive waste generated from
cleanup needs to be minimised as much
as possible, because dealing with it is
difficult and expensive too, says NDA.
The five shortlisted companies
produced a live (non-nuclear)

demonstration in November 2019. From
that, two finalists, from consortia led
by Wood Group and Barrnon, are now
preparing for the final test: a radiological
demonstration at Sellafield. But one of
those has already won. Barrnon’s system
recently received £6m of funding from
Innovate UK, having come out on
top of its competition Robotics
and AI: Inspect, Maintain
and Repair in Extreme
Environments. Below are
descriptions of the two
finalists’ projects, as well
as Createc’s, which was not
selected.
All three of the designs
combine multiple technologies. All
three include some degree of remote
control, and involve robots. All include
tools for decommissioning (size-reducing)
components. Also, the teams seem
to share a similar vision and mission
to change the way that nuclear site
decommissioning has been done. Wood
Group points out that the Nuclear Sector
Deal between industry and government
promises to reduce decommissioning
costs by 20% by 2030. “We can only do
this by doing things differently from the
way they have been done until now,” the
company states.
Mellor says that the fundamental idea
behind the efforts of his consortium,

Elephants To Ants, was that, if the
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issue of human exposure to radiation
could be ignored, clearing out a cell is
like dismantling a ship or other piece of
industrial infrastructure. “You could work
at it piece by piece, at a human scale,
until you got rid of everything.” Such work
could employ some of the traditional
power tools of that kind of work – plasma
cutters, winches and elevating platforms,
for example, but wielded by robots
rather than people (such as the
Wood group machine, right).
The winning
projects share that
small-scale vision.
Barrnon’s Integrated
Decommissioning System
mounts a laser cutter,
circular saw and liquid
nitrogen torch to robot arms,
running on hydraulic arms bolted to a
mobile platform on tracks.

A LITTLE BETTER
Adds Mellor: “Every time we do
decommissioning, it should get a little
better, and a little cheaper. Now, there
is very little transferable knowledge;
people may grow more experienced, but
every project is an island. That’s why
decommissioning is so expensive. If you
could find a way to rapidly reconfigure a
tool, even if it’s goofy, even if it’s not as
efficient [at the second task], it is still
more efficient overall, since you didn’t
have to do the design. And it works well
enough. I think that’s the benefit; it
enables us to quickly make something

8

that gets the job done. People are in no
way optimized for demolishing a 100,000tonne concrete structure – but they can
imagine ways to do that.
For example, both Wood Group
and Createc developed a way to avoid
installing a crane. Wood Group packed
the enclosed space with large, squishy
inflatable exercise balls. The balls support
each other, helping to break the fall
of heavy objects. The Createc
solution involved coordinating
a couple of winches.
Mellor explains the
philosophy behind this
idea – and why it is radical
for the nuclear sector. “If
we could have had a crane,
it would have been better; it
is less limited. But if it were to
be installed, it would be very large and
expensive. It’s a change of mentality
about what is optimal in an abstract
engineering sense, to focus on what is
quickest and cheapest, and the solution
is what best fits that. Instead of focusing
more effort on designing a one-off, you
are trying to work out doing it with the
pieces that you have already got, sooner
rather than later. Doing it that way also
helps on discover the problem.”
All three systems also share sensing
systems that sample real-world data,
and process that information quickly to
display it in a virtual representation of
the space. As Wood Group says, “We
have evolved a model in which control is
achieved from an integrated environment

which brings together a rich presentation
of the conditions within a cell” (its system
is pictured, p6). This is in contrast to
previous projects, where multiple robot
operators, each with a limited view of an
environment based on CCTV, had to work
together to control a machine. Instead,
the control system operator receives
feeds from cameras, live data and
contamination maps. They are generated
by not only remote-control sensors, but
also by technology that enables realtime characterisation of radiological
sources; it calls it ‘bringing the laboratory
to the workface.’ That data populates a
computer simulation of the real space, a
digital twin, thanks to the consortium’s
6th Sense Data Analytics Tool. The Wood
consortium also included Airbus Defence
& Space, Damavan Imaging, Clicks &
Links, TWI, Digital Concepts Engineering,
IS Instruments, i3D Robotics, University
of Lancaster, University of Salford and
Kawasaki.

CONTAMINATION MAPS
Barrnon’s BIDS system deploys LiDAR
and gamma radiation scanners to gather
spatial and radiological data that is
presented as a contamination map in
virtual reality. Having the whole picture,
an operator can choose where to point
a smaller-scale alpha and beta radiation
scanner to learn more; software included
in the project analyses the contamination.
(Other consortia partners were Createc,
which supplied the LiDAR and radiation
scanning technology, and Atkins, Veolia/
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Oxford Technologies and Cambrian
Intelligence).
Createc’s project similarly uses
collaborative robots and tracked rovers
(pictured, p7 main image) to use tools
and deploy sensors to see the interior
environment. All of the machinery is
operated within a standard interface.
“We put a lot of time into a virtual reality
operating system; it’s the VR equivalent
of Windows. It gives a standard look and
tools to interact with lots of different
software without having to reboot. We
managed to control most things through
a 3D equivalent of dragging and dropping.
The controller had six degrees of
freedom: three axes and three attitudes.
So to control most things, users pull
the trigger to lock on to the position of
the thing they are trying to control. And
then when they move their hand, the
direction and rotation is mimicked by the
device.” (System pictured, p8). This was
not the only approach; the Wood Group
consortium relied on quick programming
of automated robots rather than real-time
remote control.
In any case, the point of Elephants
To Ants, according to Mellor, is never to
redesign the wheel, or the angle grinder,
but simply integrate them into the VR
control system – “eliminating mechanical
engineering and finding a way to do most
things with the bits that we already have,
incrementally improving and filling in the
gaps in components.” That philosophy
also applied to its coalition partners, who
brought their own expertise in managing
specific areas, including IIT, OC Robotics,
Red Engineering Design, Structure Vision,
React Engineering, UKEA and Race.
“If we can do more with software,
there is also more value capture. We
came up with creative ways of using the
existing bits with each other.”
Although the Createc project did not
progress in the challenge – which Mellor
blames partly on the conservatism of the
Sellafield judges (“They never want to be
the first to try anything,” he complained)
the company is now working on applying
the technology for several other remote
applications, including for a nuclear
fusion reactor with co, and a commercial
telepresence system where a remote
operator can carry out manual tasks.

www.ied.org.uk
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At the May 2019 Vienna Motor Symposium,
engine design consultant Ricardo demonstrated
an immersive virtual reality (VR) app that
enables collaborative simultaneous engineering
design reviews to be carried out by multiple
users in different geographical locations
(pictured above). The system enables users
to investigate complex CAD designs, at full
scale, in a shared immersive VR session,
connecting interdisciplinary teams, customers
and suppliers across the world in a 3D virtual
environment. Users will be able to manipulate
and examine individual components as well
as show, hide and isolate sub-assemblies.
The dynamic cross-sectioning tool also allows
users to visualise the inner-most components
– something that would not be possible even
with physical prototypes – while
also assessing the potential
for component clashes,
manufacturability and ease
of assembly. In manipulating
the model, users can also
take measurements, add
3D annotations, and record
screenshots and voice memos.
Meanwhile, pump and
blower manufacturer Howden
wanted to move from a
reactive service approach
to building a collaborative

partnership with customers. It did so by
building an augmented reality (AR) solution
with Microsoft HoloLens and PTC’s Vuforia
Studio. They provide users with an enhanced
view of the equipment – including the ability to
visualise what’s going on inside the machine
(pictured below). Howden pulls ThingWorx data
operating on an Azure IoT Cloud and overlaying
it on the physical product. This is to show their
customers, in context, the operating conditions,
and performance of the equipment to improve
day-to-day operation. Predictive maintenance
alerts, rapid parts identification and easy-tofollow repair sequences provide information
relevant to resolving problems and keeping the
equipment running as efficiently as possible to
prevent failures and downtime, the vendors say.
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All together n
A symposium at City University in January examined the role of systems integration in design and
engineering, and considered how higher education might best change to cover the topic

O

ne popular way to visualise
the process of design is as a
V-shaped diagram (pictured,
right). After the system
is designed, the designer progresses
into deeper and deeper levels, creating
components and subcomponents until
finally they are all completed; then they are
assembled to form the working system. In
that context, systems integration consists
of the putting together of components and
subsystems into a cohesive whole.
A memorable demonstration at the
symposium emphasised the importance
of systems thinking. Ten members of
the audience were asked to collaborate
to lower a long paper roll to the floor.
The group was split into two rows of five
facing each other. Each person held out a
finger, on which the roll was placed.
The result: the roll kept rising
towards the ceiling. Despite
the sincerity of the audience
members to accomplish the
task, this occurred because the
operator of each finger did not
control, or even have feedback from,
all of the other fingers. Dr Stuart Burge,
director of Burge Hughes Walsh (pictured,
above) explained the phenomenon as a
so-called ‘emergent’ property that came
about because of the interaction (or lack
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thereof) of each of the pieces. It’s an
argument for systems thinking, because it
illustrates that sometimes the behaviour
of the system as a whole cannot be
determined by the sum of the properties
of each component.
The concept of systems engineering,
as a self-consciously distinct phase of the
design process, comes from US postwar defence projects such as the
Atlas rocket programme – and so
does formal project management,
according to Prof Jennifer Whyte,
Laing O’Rourke/Royal Academy
of Engineering Chair in Systems
Integration at Imperial College London
(pictured, right).
She argues that failure of integration
is one of the reasons why projects
with good people with good
engineering skills fail to be
delivered. Her example
is the €4 billion Berlin
Brandenberg airport,
pictured above, which was to
be a major regional hub when
construction was completed a
decade ago, but remains unopened,
pending resolution of thousands of design
faults and engineering issues.
This is partly because construction is
an example of where systems integration

is treated as a specialist field – linked to
control systems and MEP, for example –
or a particular phase of a project, rather
than a holistic, universal process. But
an example of systems integration in
construction is buildability: assessing how
possible it is to make the design.
Although there are many ways
that the story of this highprofile civil engineering
delivery failure could be
told, Whyte argues, many
projects today need more
emphasis on integration,
because “system complexity
is growing faster than our
ability to address it.”
Complexity is the main driver of
interest in systems integration among
companies approaching engineering
training and consultancy Burge Hughes
Walsh – and Burge points out that, for
that reason, those organisations are
by no means only in engineering. His
company also works for government
departments and councils, who use
systems to deliver services.
He says that for those suffering from
complexity, projects are taking longer,
there’s more testing, and lots of redesign.
A common sentiment among those in this
situation is, “there must be a better way.”

www.ied.org.uk
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AROUND THE NATIONS: LOCAL GUIDES TO CLIMATE RESPONSE

r now
He argues that many systems integration
tools (see also box, p12) aim to reduce the
amount of complexity that designers face.
And they will need it, contends Ben
Watson, innovation leader, 3M Corporate
Research & Development, pictured
below, because of the move towards the
internet of things. Even if forecasts of 50
billion connected devices being installed
worldwide by 2030 overestimate the
population by 50%, he argues, the world
we live in is becoming ever-more
networked. It also means that
manufacturers of standalone
widgets are needing to
connect widget A to widget
B; but doing so requires
understanding and exploiting
bigger technical ecosystems.
Watson, who is a Fellow of
the IED and involved in training 3M
design engineering teams, argues that in
general designers are good at developing
solutions with utility and meaning. And
that they can benefit from interactions
with other disciplines in making products;
it is not just their solitary work, but their
interactions, that are important.
That chimes with Burge’s view that
training competent systems engineers
should shift focus from analysis – deep
competence – to synthesis, bringing
things together. Indeed, design
engineering is a fusion of design thinking,
engineering thinking and practice in
enterprise, according to Prof Peter Childs,

www.ied.org.uk

An influential UK body is the Committee on Climate Change. Its progress report to Parliament in
June 2019 (www.is.gd/acunak) was pessimistic. It argues most businesses remain unprepared. In
particular, it contends: “England is still not prepared for even a 2°C rise in global temperature, let
alone more extreme levels of warming.”
The Welsh government completed a consultation on a draft Climate Change Adaptation Plan in
2019, publishing a response in June (www.is.gd/lipake)
In September, Northern Ireland published its second adaptation programme covering 20192024. It includes a chapter about non-governmental work on climate adaptation: www.is.gd/zuloki
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IED member and founding head
of the Dyson School of Design
Engineering at Imperial College
London (pictured below).

GOOD ATTITUDE ESSENTIAL
Attitude – and other components of
engineering competence that doesn’t
relate to technical capabilities – was
a particular focus of the day.
City University’s school of
mathematics, computer science
and engineering, which hosted
the event, sees engineers as
specialists, integrators and
innovators. For the university
department, engineering competence
comprises attitude, capabilities,
experience, knowledge and skills.
Watson continued that the trouble

is that design engineers’ capability to
integrate information is ‘invisible’ to many,
even the ones doing it. And, based on
his personal experience in carrying out
professional registration interviews, many
designers find it difficult to articulate
what design is. So although they are
able to integrate systems, they are not
necessarily aware that they are
actually doing it. Although
they may be competent
designers, they lack the
ability to communicate
about design.
As 3M recognizes the
importance of connections,
it focuses on competence
at multiple levels within the
organisation, Watson explains. It extends
up from the individual, to the team, to the
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SYSTEMS INTEGRATION

A SYSTEMS INTEGRATION STANDARD: ISO/IEC/IEE 15288:2015
SYSTEMS AND SOFTWARE ENGINEERING
ISO says that the standard “establishes a common framework of process descriptions” for humanmade systems. It it said to define a set of processes and associated terminology from an engineering
viewpoint that can be applied at any level in the hierarchy of a system’s structure. Examples of
components that might be included are hardware, software, data, humans, services, procedures,
facilities and materials. For further information, see www.is.gd/nizela
division (the right way to commercialise
a product, for example), up to the
organisation. That highest level is about
how the entire innovation portfolio is
managed. For example, if the company
has a vision for a distant product on the
far horizon, then, working backwards, the
solutions coming to market nearer-term
would build towards that. This generates
continuity; it also has implications for
organisational structure and HR, he
contends.
Also tackling product cycles and
organisational structures was a survey of
British, Swedish and German engineers
about the future of engineering design
practice conducted in 2018 by Open
University and the Chalmers (Sweden)

Institute of Technology. Claudia
Eckert, professor of design at the
Open University, pictured right,
presented the findings. First,
it captured a similar state of
the art in products that are
characterised particularly by
complexity and connectivity.
Second was the opinion
that although industry requires
many different disciplines – mechanical,
electrical, software and systems – they
are blending together. One core skill
underlies them all: numeracy. “We
need people good at maths” was a
typical comment from the group which
emphasises the value of statistics and
data science in design.

TABLE: EXEMPLARY LIST OF METHODS OF SYSTEMS THINKING
Affinity diagram

Sorts ideas into groups

www.is.gd/leyudo

Conceptual model

Conveys basic structure/function of a system

www.is.gd/izaces

Context diagram

Shows the entities interacting with a system

www.is.gd/hotuxa

Function flow/block diagram Defines control logic using lines and boxes

www.is.gd/unuzit

Influence diagram

Charts relationships between decisions,
objectives and uncertainties

www.is.gd/loquza

Input out analysis

Tabulates interdependencies

www.is.gd/dijexu

Matrix diagram

Visualises many-to-many relationships

www.is.gd/basitu

Morphological analysis

Breaks down problem into elements and looks www.is.gd/jawiga
for solutions in novel combinations

Multiple-cause diagram

Organises actors, causes and effects

www.is.gd/janava

Quad of aims

Expresses the goals of a project

www.is.gd/selihu

Rich picture

Explores a situation to make a preliminary
mental model

www.is.gd/uyoqul

Root definition

Clarifies alternative perspectives of a system

www.is.gd/jamiyu

Systems map

Elaborates elements of a system

www.is.gd/alunep
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Third was an appreciation of the need
for better systems thinking alongside
deep subject-matter expertise. This was
partly because of an observed trend away
from pursuing a stage-gate process of
product design, such as: requirementsdesign-test-redesign-retest, toward a more
flexible process.
Advancing technology is also affecting
the way that design is done. Digital tools
such as modelling, gamification, remote
working and digital twins could reduce
the size of core design teams and
increase the use of gigging
engineers. Eckert pointed
out that these tools in turn
impose additional demands
on designers; for example,
although computer models
might helpfully simulate some
physical process, for example, they are
only useful to the extent that they match
reality. How sophisticated are designers,
she asks, when it comes to critically
challenging their models’ assumptions?
The solution to problems with the
traditional design process is to focus
more on the problem, contended Burge.
He says: “When given a problem, it is
human nature to immediately think of
solutions. We believe having an answer
quickly – so we can work on it – is good
practice. Such solutions are often based
on prior experience and assumptions,
where previous solutions are adapted to
fit the current problem.”
But the result of this process, which
often involves redesigns and cost
overruns, is hardly a solution. In fact,
he quotes Carnegie Mellon University
research from 2012 that found that
‘solutioneering’ approaches only had a
10% chance of finishing the project on
time, on budget and on performance.
By comparison, a project has a
97% chance of success if people take
a systems approach to design; that
means focusing most of the analysis
on the problem, not the solution. (The
full sequence is: gather requirementsanalyse-design-confirm). Burge asks
the audience what teachers say before
students take an exam: ‘read the
question.’ “If you don’t understand the
question, you are unlikely to get the right
answer,” he concludes.
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INNOVATION MANAGEMENT

realising
VALUE

Innovation management systems in various forms have always been essential for continued
success, although not always widely understood. In this fourth of an eight-part series,
Dr Benjamin W Watson CEng CTPD CEnv FIED examines how to realise value in innovation

I

nternational experts from more than
40 national committees have been
developing guidance for innovation
management, with standardised
terminology, tools and methods to manage
interactions between partners, how to
handle intellectual property, strategic
intelligence and, more recently, idea
management. This international guidance
identifies eight innovation management
principles central to success. Last edition
(October/November 2019, p31) explored
the identification of needs through data
driven insights and strategic foresights.
Thinking about value from innovation
helps to differentiate innovation from
other value realisation. The extra element
is new impact, with social or economic
value. The higher the level of newness and
impact, the more innovative the outcome.
Without this, all value realisation
becomes innovation, such as grocery
stores selling what they’ve always sold
in the same way that they’ve always sold
it. Successful innovation management
systems provide a basis to grow a
leadership position with new solutions
into new and existing markets, while
sustaining core business amidst external
disruption.
Let’s now briefly consider how an
IMS (Innovation Management Standard)
highlights potential actions to realise
value in innovation. These include:
Invest in insight and knowledge
management to identify opportunities
and challenges

1
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Value
Realisation

4/

8

2

Establish processes and systems
for value realisation from continuous
improvement, new product development
processes to new technology
development, not excluding applications
such as organisational design
Evaluate and measure innovation
initiatives on a broad understanding
of value, including as a minimum
learning, social-and economic value, and
competence building
Empower people to undertake
innovation initiatives to generate new
opportunities for value realisation
Recognise and celebrate innovation
initiatives to build a culture that
supports innovation activities
Adapt organisational structures and
innovation processes to maximise
value realisation.

3
4
5
6

As you establish or improve your own
processes for commercialisation, you
can explore their many forms. These
range from stage-gate waterfall models
to iterative agile approaches that handle
high levels of uncertainty delivered
through short development cycles,
namely, sprints. These may be compared
to or combined with lean principles to
reduce waste, delivering minimum viable
solutions or products (MVPs).
The lines are blurring between different
systems of work. This is particularly true
because these processes are increasingly
being used outside of their original
context of use: from agile software
development processes into three
dimensional design and manufacture;
from lean manufacturing methodologies
and process improvement into new
product development. And they are even
being extended further into new hybrid
approaches that retain phase gates
combined with agile sprints to deliver
minimum viable products.

Dr Benjamin W Watson
International Expert Work Group for innovation
Management Systems. ISO/TC279. Innovation
Leader, 3M. Trustee and Councillor, Institution
of Engineering Designers. Contact Ben Watson
through the IED to learn more.
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A group of volunteers
from design consultancy
Ramboll has worked with
local people to revive the
technique of building
houses with bamboo,
coupled with modern
engineering practices

Direct action
T

he Indonesian island of
Lombok, population 3.3 million,
experienced a severe earthquake
in summer 2018, 7 on the
Richter scale, that destroyed almost
130,000 houses and killing 500. As the
island sits on the Pacific rim of fire, they
are a not-infrequent occurrence.
As soon as he heard about the
earthquake, Ramboll structural engineer
Xavier Echegaray was concerned for a
friend of his who works for a Belgian
environmental charity Grenzeloos Milieu.
Once they were able to connect, the
local contact explained the complexity of
the situation. Half a million people were
displaced; many were living in fabric tents.
In an effort to help, he enlisted the
help of friend and colleague, another
Ramboll structural engineer, Marcin
Dawydzik, who made plans to visit the
area to see what they could do to help.
Under the engineering company’s ‘Making
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A Difference’ scheme, employees can
apply for match-funding of their time spent
on charity projects, on a 50:50 ratio, as
well as obtain grants for funding. The
company eventually donated £18,000; the
Ramboll Foundation covered the costs of
flights and materials. Volunteers inside
and outside of the company have also
donated their own time.
Dawydzik found that the key problem
with the masonry and concrete structures
was the lack of structural reinforcement,
which requires extra expense and
expertise, both of which are scarce on the
island. Those structures are particularly
dangerous because their collapse is likely
to crush inhabitants under a huge quantity
of heavy material. Rescue requires
heavy machinery that is unlikely to reach
Lombok in time, if at all.
But not all properties were affected
by this latest tremor in the same way;
those made of traditional building material
bamboo remained standing. Although
the material had been used traditionally,
those skills were lost during imperial
times some 150 years ago, in preference
for brick, block and concrete.
In comparison, bamboo’s principal
advantage in resisting earthquakes is
its light weight; that reduces the forces
experienced by the building; there is also
a degree of flexibility in the members and
the connection. In addition, the damage
that does occur tends to be much less
dangerous to inhabitants. Like a steel-

framed structure, damage tends to
involve a failure at the connections, where
stresses are concentrated. That means
that after a bad tremor, a damaged
building might lose a post or beam. But
even so, the rest of the structure will tend
to remain intact, shielding the inhabitants.
Spurred by a sense of urgency,
Dawydzik surveyed buildings and spoke
with local people to develop designs of
a potential post-and-beam house design
that was modular and could be extended.
He brought a design back to London, and
began work performing stress analysis on
the structure.
Bamboo, a type of grass, is indigenous
in the region, and two local species,
Petung and Tali, are particularly strong.
However, in its natural form the material,
which is hollow and segmented, is not
covered by any Eurocodes. To determine
loading, the group followed Indonesian
design codes, which are based on US
codes. ISO 22156 does cover bamboo
structures, but the team found it
extremely conservative – suggesting that
four bamboo poles, or corms, would
be needed for each upright. “We knew
that wasn’t true because we’d seen the
buildings that had survived, and they were
working fine.”
To better characterise the material,
the team scoured the academic literature,
including PhD studies, for material data
about Petung and Tali. In addition, it
teamed up with researchers at UCL to test

www.ied.org.uk

BAMBOO

bamboo’s behaviour to understand its
material limits (see article, pp16-17).
Colleagues at ARUP later provided a
peer review critique.
The post-and-beam design that they
proposed was of a hybrid design: part
traditional Indonesian craft, part western
engineering; part building, part furniture.
The structure itself consists of three rows
of five vertical columns connected by
horizontal frames spanning across and
between them, which support the second
storey and the base of the roof.
The format of the 6m3 house with 2m3
kitchen annex picks up local themes.
One thing that they found is that although
bamboo construction skills had mostly
disappeared, and was only being used

for tourist buildings, local
craftsmen had lots of expertise
in making furniture with the
material. This provided vital
skills to the project.
The final design includes western
elements. These include diagonal crossbracing between column and truss,
which was determined to be critical for
rigidity, but an unfamiliar technique and
an unwelcome barrier to moving around
a living space. Once built into the fabric
of the structure, however, they were
embellished by the local craftsmen with
decorative finishes such as squares or
stars common in furniture such as the
arches of the backs of chairs.
Another western-influenced design
change is to move the bedroom upstairs
from traditional location below. The
predominately Muslim population tends
to sleep on mattresses rather than beds,
and do so downstairs on the concrete mat
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out of
fear of earthquakes.
However, once the seismic argument has
been made, sleeping upstairs is healthier,
because it reduces the amount of
moisture they are exposed to, particularly
during the rainy season.
Structural members are primarily
compression-loaded, driving through the
structure to the poured concrete base.
Those pads were found to generally
survive the earthquake, so have been
retained. The concrete foundation’s
surface, which sits proud of the ground,
helps keep the house dry during the rainy
season. The bases are in fact prepared by
digging trenches; then concrete is poured
into a mould. Above the raised surface, it
is fitted with small pillars to support the
bamboo, or steel tubes. Bamboo rots in
contact with water.

Bamboo in fact has good
strength in tension, too. A traditional
joining technique still visible in the area
involves lashing ropes of palm fibre around
joints. Having taken samples, Dawydzik
realised that much of the strength of the
connection depends on the skill with which
it is wound. Concerned about the tensional
strength of these, Dawydzik consulted
local craftsmen who confirmed that their
primary purpose was more decorative than
structural. Instead of requiring specialist
skills for lashing, Dawydzik’s design
includes bolted connections to reinforce
compression/tension or tension joints that
could not be designed out.
Some of the principal joints are

through-holes, particularly drilled
into upright columns. This particular
choice illustrates some of the difficult
compromises made during the course of
the project. Dawydzik says that from an
engineering point of view, he would have
preferred a joint that does not reduce
the cross section area of a column, but
through-holes are commonly employed
in local bamboo furniture making, so are
within the comfort zone of the people
making the houses.
“There is a fine line here that we are
walking. There is so much that we can
do to make a structure super-earthquake
resistant, but it’s all for nothing if people
don’t decide to use it; if they can’t see
themselves living there. So the process
was us pushing on a bit of design, and
they push back,” says Dawydzik.
Adds Echegaray: “We need to know
that what we are proposing is aligned
with local skills and practise, so that the
communities can replicate the houses
unassisted without having to introduce
major changes to the design.”
So far, two houses have been built
by skilled and unskilled labour in Sajang
and Salut, Lombok, supported by 20
volunteers, six of which travelled from
Europe. It is expected that building a family
home will take four people about a month.
Dawydzik and Echegaray say that this
design remains a work in progress, and
they expect to continue to improve it in
future design cycles. “We have learned a
lot during the construction phase, what
worked, what didn’t work, how we can
improve detailing and apply some finishing
rules. We are hoping to implement these
in the second phase of the project. We
are also looking at optimising foundations
more and at details for reusing existing
concrete foundations. Once we improve
the design, we are hoping to publish it for
other NGOs’ benefit.”
He concludes: “Half a million people
were displaced; they had to build houses.
Without engineering knowledge or
understanding, they aren’t able to build
something that is survivable. We are trying
to match our certainty of what is good
enough for now, knowing that we’ll make
it better after a further few iterations, and
then maybe share it in a wider forum with

other NGOs as a blueprint.”
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Continued from previous page
Some species of bamboo grow to maturity
in five years, and in doing so capture
more carbon than hardwoods. In other
words, “Nature has provided us with
a finished structural element at zero
environmental cost,” contends University
College London faculty of engineering
science lecturer Dr Rodolpho Lorenzo who
has been studying the material and its
construction capabilities for years.
He adds: “We’ve been dealing with
bamboo for 100 years. Everyone says
that bamboo is great. If that’s so, why
can’t you see more structures made of
it?” He answers the question by saying
that the problem has been to try to
replace structural members of wood,
steel or concrete with bamboo. And it
doesn’t work. “If we want to move away
from manufactured industrial materials,
and explore sustainable natural ones, the
rules need to change.”
Lorenzo’s team travelled to the
Lombok house project, and contributed
to background research. Of the project,
he concludes: “Lombok is a really
nice application of bamboo, and a
commendable effort to get more bamboo
more accessible in construction. But if
you see the frame for Lombok, it’s very
traditional. That makes me wonder: is it
best for this material? That is something
that is debatable.”
This is not a controversial issue;
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Marcin Dawydzik at Ramboll has said
much the same: “If you want to design
buildings like ours, with straight lines
and angles everywhere, bamboo’s
performance is limited. But if you curve it,
you can get some funky designs.”
Achieving those requires moving away
from codes of practice and towards a
performance-based design approach,
contends Lorenzo. That allows any
assembly of members and components
of a structure, as long as it meets the
requirements for deflection, for example.
That’s for two reasons: first, because it
allows extra freedom to try new things,
and second, because no codes exist for
bamboo.
Of course Lorenzo acknowledges that
buildings cannot be inhabited (or at least
insured) without demonstrations of their
reliability. But although Eurocodes for
the most part are irrelevant, an annex in
Eurocode 0, Design Assisted by Testing,
proposes a method of proving reliability
by using numerical simulations and
testing to overcome uncertainties in a
system. Providing these is UCL’s aim.
Whereas this approach might be
impractical for heavy and expensive
materials, it plays to bamboo’s strengths:
as the material is cheap, light, and

abundant (in the tropics, anyway),
multiple iterations of prototypes can be
built easily and quickly.
Which is just as well; because, as
Rodolfo says, it’s very tricky to build
with. While sawn timber or rolled steel
joists, for example, are made in factories
to exacting tolerances, every piece of
bamboo has an irregular form that usually
deviates from true. Second, while an
average structural model assumes a tube
has a consistent width over its entire
length, bamboo tapers. Nor is it perfectly
cylindrical. Although the fibres that run
up the plant are strong, their distribution
changes over its length, so it is also
non-homogeneous. As the fibres don’t
wrap around the circumference of a pole,
so when twisted it can easily split. The
exterior is so smooth that it is difficult for
lashing to grip.
Taking all of this together means
that, the moment of inertia, among other
structural properties, are not where one
might expect. If you load a bamboo pole
vertically, it will not necessarily bend
down, but in a different axis.
Moreover, each of some 200 species
of bamboo identified by UCL as being
appropriate for construction differs;
there are no shared characteristic values
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across species; that means that years of
characterisation studies on Columbian
Guadua bamboo is not applicable to Pittu
bamboo that grows in Indonesia.
And treatment of the cut bamboo
varies around the world, and is veiled in
secrecy. Bamboo must be dried before
use. To ward off insect damage, poles are
immersed in a hot bath containing borax,
sometimes under pressure. The degree
to which that solution penetrates the
exterior surface is unclear, he observes. A
particularly promising treatment technique
is the Chinese process of carbonisation,
which involves slightly burning the wood
in an oven, appears to stabilise the tube
so it doesn’t crack when atmospheric
humidity changes.
Instead of trying to find common values

and estimate a factor of safety, Lorenzo’s
team has embraced the diversity of
bamboo. First, it has developed a
robotic scanning and sampling method
that measures the properties of every
piece. The team developed a software
programme for a 3D scanner to create a
digital model of the pole (pictured, inset).
Second, it developed a technique for a
robot to cut out small samples that are
tested for compression strength, elastic
modulus and shear. This could test poleby-pole, or small batches of perhaps a
dozen at a time. The team estimates
that this method characterises each pole
within 0.5mm tolerance. Third, computer
software that UCL has created will
compare each pole to the digital design,
and work out where it should go. It can
indicate to an unskilled worker where to
cut it, and how to assemble it. This has
also been demonstrated using virtual
reality software (pictured p16).
The Lombok exercise confirmed one
point to Rodolfo: that the main challenge
of construction with bamboo is its
flexibility. “We need to squeeze every bit
of stiffness out of everywhere.”
One way to do that might be efficient
structural shapes. In particular, UCL is
experimenting with a reciprocal frame.
This design arranges poles into a rigid
geometric lattice that forms hexagonal
and triangular shapes, adding a degree
of mutual reinforcement for stiffness. The
team has been able to adjust the design
to suit the available supply of bamboo

poles. It also assessed the value of
optimising the reciprocal frame bridge
design through simulation. First, the
computer randomly selected poles for the
bridge. Then the simulation was re-run,
but this time the strongest poles were
placed where the strain energy was found
to be the largest. The result was that
the mid-span deformation of the bridge
reduced by 20%.
The team has also designed and
prototyped novel aluminium connectors
that transfer shear forces to provide
structural rigidity. Although the Ramboll
house used traditional (and simple)
bolted connections, Rodolfo’s team is
trying to avoid that, because such holes
are stress-raisers and will eventually
crack. Instead, its preliminary connector
design consists of four elements: straps,
plates, bolts and rounded supports (also
visible in picture, p16). Straps, which
resemble domestic hose clips, encircle
bamboo sections, confining it so it cannot
split. Those bands connect to a plate
that connects via threaded rod to round
supports (tube sections). These transfer
the load to the bamboo.
The team is currently seeking funding
to use this structure to build a 9m
demonstration footbridge at its Chinese
partner, Nanjing University of Forestry,
later this year (pictured above). So far, it
has built about a third of the structure.

BAMBOO IN CONSTRUCTION: CASE STUDY
The Green School in Bali, Indonesia, has used bamboo in the structures of a number of open-air
classrooms, as well as a 23m-span covered footbridge. Built in 2011, the Millennium Bridge,
pictured, is said to be Asia’s largest bamboo bridge. The organisation’s bamboo construction
subsidiary, called Ibuku, builds structures guiding by hand-built scale models. “These models
are replicated in 3D line in computer programs for our engineers to study and confirm that the
building adheres to our strict codes,” the company states. Poles are protected from moisture by
steel and concrete connections to river stones. Foundations include not only concrete, but also
sometimes steel piles.
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Arts&sciences
University lecturer Andrew Wodehouse MIED CTPD has only this year
joined the select group of awardees of the IED’s exclusive, and one of
its newest, qualifications: Chartered Technological Product Designer.
He has amassed a body of work that aims to more closely unite design
and engineering through a human-centred approach

L
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ooking back on a career that
includes 17 years as a lecturer
at the University of Strathclyde,
he suggests that while finding a
niche in a highly specialist area early in
one’s career and following that diligently
can be one route to success. Not that this
is what he has done.
Instead, despite having worked
successfully on many funded projects,
his tenure has been marked by wideranging collaborations at both ends of
product design, the aesthetic side and
the engineering side, ranging from a
collaboration on a book-length history of
design in the 19th century to a project
exploring humour in design that led him to
perform stand-up comedy in front of a live
audience.
Wodehouse started out as a generalist;
as a student, he enjoyed both the craft of
art and graphics to communicate, as well
as appreciating the traditional sciences
and enjoyed understanding how things
work. His undergraduate degree in product
design engineering, shared between the
Glasgow School of Art and mechanical
engineering at the University of Glasgow,
also had a foot in each camp. Before
coming to Strathclyde, he worked for three
years on telecoms and medical devices at
Cambridge Consultants, a multidisciplinary
design consultancy that includes both
product designers and engineering teams.
He left to do a PhD on information
support for idea generation in the design
To find out more about becoming registered as
CTPD please contact membership@ied.org.uk
or ring IED HQ on 01373 822801
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process, a theme which has informed
much of his subsequent work. “A lot
of the design process is split thinking.
You’re in this divergent creative mode
and creating ideas, and then you
evaluate them and choose one. That’s
all very well in macro terms, but you
need sufficient technical knowledge to
meaningfully engage with even a formative
idea, and I wanted to provide a facility
to incorporate this as part of the design
process.” Those studies were initially
at the University of Abertay Dundee, but
half-way through he moved to Strathclyde,
eventually completing the degree part
time.
Part of the appeal of the westerly
university was that it offered one of the
UK’s first product design engineering
degree courses. There are now four
undergraduate degrees, all accredited
by IED, and a dozen or so masters.
The unusual integrated approach of the
Department of Design, Manufacturing and
Engineering Management at the University
of Strathclyde aims to bring together the
entire product arc from design to making
was attractive too, he recalled.
Another part of it was the possibility to
do research. “I enjoy being able to learn
new concepts, develop new methods, and
find new ways of looking at things. It’s
also a dynamic place to work because we
are always in contact with students who
are young, enthusiastic and full of ideas.
That’s something that I try not to lose
sight of.”
To them, he explains that the
distinction between engineering and
design has to do with the end product:
while engineers working in the automotive

industry would work on the engine and
drivetrain, designers working in the
same place would focus on the anything
else that interfaces with the user – the
dashboard, the steering wheel, pedals,
and so on. To interface with colleagues at
the same level, to expand his network and
start volunteering, Wodehouse applied
for, and received, Chartered Technological
Product Designer (CTPD) from the IED. The
professional engineering institution is the
only one in the world offering it.
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He defines human-centred
design as placing the cultural, social and
emotional issues that drive our desires
and needs in relation to products at the
heart of the design process.
Cross-cultural understanding is also
encouraged in a module of one of the
courses that he teaches, where students
have to collaborate with teams from Malta,
New Zealand and Finland on a product
design, so learning about the issues of
distributed working in the global economy.
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“Even to agree a common diary
can be a huge first hurdle,”
he laughs, but by the end
the students appreciate
the benefits of co-located
design. As a lecturer,
Wodehouse also supervises
PhD students, teaches a
technical course on integrating
studies, and human-centred design.
He goes on to explain his interest
in human-centred design in terms of two
recent research projects.
As principal investigator in two projects
with the nearby Advanced Forming
Research Centre, he explored a new
manufacturing technique for a trumpet
bell (the cone-shaped end), and its
effects. Trumpet bells, he explains, have
been made for hundreds of years using a
spinning process. Their rounded shape is
at least partly due to that manufacturing
technique, and is done so increasingly
in mass-market factories. Instead, the
project team experimented fabricating
trumpet bells using an alternative digital
process, incremental sheet forming, that
allows much greater variety of shapes
while maintaining a consistent wall
thickness, including a starburst profile and
squared-off rectangle.
What was particularly interesting to him
was that subsequent studies showed the
shapes influenced listeners’ perceptions
of the instruments’ sound. A starburst
shape was said to have a clear tone,
and the rectangle greater volume at
the periphery, even though recorded
studio sound tests detected almost no
difference in acoustic performance.
In explaining that project’s holistic
appeal, Wodehouse states: “We’re
not just designing shapes for the sake
of it. It’s things that can actually be
made, things that fit within commercial
constraints, and which respond to
user needs.” Having an engineering
background is essential to understand
how a product works, and that
understanding is crucial to appreciating
how it can be brought to life. “If you’re
trying to design a shape for a product,
you need to have that feel for how it could
be fabricated to do that effectively…You
need those skills to create things, rather
than just having ideas.”

He continues: “That’s also why
it’s important to have an ability to
communicate with specialisms at least
and an appreciation of them. There’s
nothing worse than seeing people siloed
and unwilling to engage or collaborate with
other disciplines. Design can help provide
a coherent vision and bring expertise
together effectively.”
In another project, Wodehouse,
again principal investigator, worked with
Loud1Design to develop an accessible
virtual reality space for users unfamiliar
with VR technology to examine designs
(pictured below). “You can program a
slick virtual reality environment, but if it
is difficult to navigate, the controls are
complex and the headset gives the user a
sore neck, it will still be unusable.”
Wodehouse’s current focus carries
on with that theme, examining the use
of virtual reality for injury rehabilitation.
He is deputy coordinator of a panEuropean consortium collaborating on
the PRIME-VR2 Horizon2020 project.
The purpose of the platform under
development is to help guide and motivate
the recovery of people who have had
strokes, sports injuries and those suffering
from hyperkinetic movement disorder.
His work package is designing three
bespoke controllers, and using 3D printing
techniques to make them. The project is
aiming to evaluate the users’ requirements
in an in-depth and meaningful way. “We
are trying to build a detailed picture of
their anatomy, physiology and the way
they move, as well as get a sense of
what types of rehab exercises that they
can comfortably perform. That will then
inform how we configure the design of the
controllers and the virtual environment.”
His method is to use research to develop
detailed user personas that inform early
prototypes, followed by iterative testing to
understand how well they work.
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A second life for

coffee
grounds
Not all of the chemical benefits of the roasted coffee bean are used
up by the brewing process. Used coffee grounds are generated in
huge quantities to stimulate our tired society. As a few visionary
products show the way, a new circular supply chain is developing for
this versatile material, to enable further new and unexpected designs

S

cotland drinks its way through
40,000 tonnes of coffee beans
every year, according to Scott
Kennedy, co-founder of Revive-Eco
(pictured, top right, with partner Fergus
Moore). On a per-capita basis that scales
up 12.5 times bigger – 500,000 tonnes –
per year over the whole of the UK.
Most people dispose of them in the
food waste bin, just as the founders of
three different coffee-grounds
recycling operations did when
they were working in coffee
shops. But since then they
have set out to show how it
can be used for products.
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For example, an exciting
development is from Scottish
start-up Revive Eco, which last month
was scheduled to launch a new
demonstration-scale facility in Glasgow
to produce a base oil that can be refined
into palmitic and stearic acids, fatty acids
commonly used in food and drink and
cosmetics, which are usually synthesised
from palm oil. Grown in tropical
plantations, palm oil has been
blamed for deforestation, and is
not generally thought to be a
sustainable product. Coming
from more than a year’s
worth of lab-based trials
with an unnamed German
partner, the demonstrator is
intended to move the process
toward industry, states Kennedy. It
is said to process 5-10kg of coffee/hour,
with a 5-10% oil yield, although Kennedy
claims that oil content in grounds can
reach up to 20%.
Last October, Cambridgeshire firm
Bio-bean joined a Horizon 2020 research
project, WaysTUP! to, among other things,
extract oil from the grounds that can be
turned into a bioplastic.

Bio-bean also produces a water-based
coffee flavouring ingredient that can be
used for manufacturers of ready-to-drink
coffee products and specialty alcohols
(such as flavoured vodka). It aims to be
a more sustainable alternative of the
ingredient that is currently made by, you
guessed it, brewing coffee beans.
Ford Motor Company in the USA
has announced that it is working on
mixing coffee bean chaff sourced from
McDonalds – a pre-consumer waste – with
plastic and other additives in a pyrolysis
process to make vehicle parts such as
headlamp housings.

COFFEE SOAP AND CROCKERY
New York City’s Grounded Upcycling sell
coffee-based brown face scrub and black
bar of soap shaped as a coffee bean. The
five boroughs’ eight million people support
some 4,000 coffee shops, but have
access to almost no municipal collection
of compostable food waste.
“Turning it into a new material by
creating a valuable product for longlasting usage is our mission within
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the field of a rising
circular economy,” contends the founder
of German firm Kaffeeform, which sells
crockery made with coffee (pictured above).
Adds Peter Griffiths, co-director and CFO
of Bio-bean: “There is lots of interesting
stuff in the grounds. You can take out oils
or antioxidant compounds. But you are
still left with 90-95% grounds.” He adds:
“Anybody who can’t explain how they
are going to deal with a large volume of
grounds, I’m not sure how they are going
to generate a coffee recycling business.”
That’s why most of its output goes into
two principal products: biomass pellets
sold to feed industrial biomass boilers,
and biomass briquettes for consumers
(sold in supermarkets and DIY outlets and
pictured, left; sadly they don’t smell of
coffee before or during burning). “Coffee
has a high calorific value; it burns well,
with low ash content,” Griffiths says.
Across the pond, Parker Reposa, the
founder of Grounded Upcycling, had come
to the same realisation. During its first
year selling coffee soap, the company
made thousands of dollars; the products
also helped persuade coffee shops to give
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him their grounds. But at the end of
that year, he realised that they were
never going to save the planet, as the
products only contain 10-20% coffee
by bulk. So one new, scalable product
from that company is from vermiculture
– specifically, red wiggler worms – which
can produce their own body weight of
worm casts every day, and can
be sold as a highly-fertile soil
improver to local farmers.
This process requires
a substrate of about
25% coffee, with
the bulk other food
waste.
Its newest
product, launched
in January, is 90%
coffee. That is a
substrate for growing
mushrooms that also
contains sawdust.
That’s not a hobbyist
interest. In and around the city,
gourmet varieties, including pearl
oyster, blue oyster, maitake and shiitake
mushrooms, are grown in commercial
farms for restaurants. According to
Reposa, this has the potential to divert
more than 500 US tons of coffee per year.
It’s an approach that is also working
in the UK. Grocycle of Devon has been
using coffee grounds since 2011 to grow
mushrooms. It also sells home-packs of
mushrooms and offers online and face-toface courses on the subject.
Grocycle emphasises that coffee
grounds should be fresh – less than
24 hours since brewing. That’s fine for
domestic use, but poses an impossible
demand on a supply chain that aims to
collect, and reuse a significant volume of
waste.

For that reason, coffee grounds must
be processed before they can be sold on.
Mixed with steam or water when brewed,
coffee grounds are generally wet. If left
alone for long enough in air, are likely to
become contaminated with Trichoderma
– common mould species. That not only
ruins the material for many processes, it
is also toxic if inhaled in large quantity.
So companies that make products in
bulk must have a high-capacity plant to
process the grounds. Grounded Upcycling
and Scottish startup Revive-Eco have
developed processes using biotech and
the action of beneficial micro-organisms to
treat the waste.
In contrast, Bio-Bean of Cambridgeshire
uses a commercial dehydrator. It began
demonstration-level processing in 2016
using startup money and generic industrial
equipment, some taken from the biomass
industry, and others from elsewhere, such
as a bed conveyor designed for custard.
Refurbished in 2018, it now processes
16,000t of wet coffee grounds per year.
Griffiths argues that demand for the
company’s products benefits from a
sense of eco-goodwill among customers.
He states: “We’re looking for people
who want to take that sustainability, that
circular economy step, to be involved. But
in Western Europe, in the United States,
there are a lot of businesses out there
that know that they need to be greener
and more sustainable.”
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New tricks for an

OLD DOG
Radical new designs are reevaluating the way we look at the
common-or-garden industrial compressor

I

ndustrial processes and equipment,
from factories to the jet engine, rely
on a stream of gas. Air conditioning
and refrigeration depends on a
vapour compression cycle. Blowers inject
air into wastewater for treatment, or are
used in food and drink manufacturing.
Injection moulding machines may use
air to eject formed parts from the mould.
Some power tools, such as wheel nut
wrenches, run on air – pneumatics –
rather than electrics. Large shops and
other facilities sometimes transfer money
or small items through a tube network
powered by compressed air.
The designs of the machines that do
the compressing – pumps, essentially,
powered by electric motors at the
small scale, or petrol or diesel engines
when larger – traditionally come in
several varieties. Piston types employ
a reciprocating head inside a cylinder,
like an engine. They tend to be loud
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and trembly. Rotary vane compressors
include a turning cylinder mounted on
an eccentric axis inside a larger circular
annulus. Vanes attached to the cylinder
extend and retract, keeping contact with
the inner walls of the annulus. Because
of the geometry of the components’
arrangement, the volume that they
enclose gets smaller and smaller over
the cycle. Scroll compressors consist of
two meshed spiral forms; one or both
move in a circular motion relative to each
other, sweeping air along the walls of
the spiral toward the centre. Twin-screw
compressors employ rotating cylinders
whose surface has a pattern that, when
rotated, tends to push air up in the gap
between them. Jet engines could use axial
compressors that spin and force air along

the axis of rotation, or centrifugal designs,
which use a rotating impeller to increase
the speed of the gas, and then push it
through a diffuser/volute.
And new designs keep coming. For
the last few years, Edinburgh-based
start-up Vert Rotors has been
commercialising a design that
resembles a rotary (Wankel)
engine, with a cycloidal gear
arrangement, but stretched
into a helical shape (pictured
above), explains chief operating
officer Nicol Low. Like a twin-screw
compressor, two lobes grab a packet
of air and push it through a narrowdiameter nose, reducing the volume and
so increasing the pressure. But unlike the
twin-screw design, there is technically zero
clearance between the two intermeshing
rotors; no gearbox, no twin drives. An oil
film between the two seals the gap and
helps with adiabatic gas compression.
As one of the rotors houses the other,
the device can produce, and withstand,
extremely high compression ratios – up
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to 25:1. That is much higher than the
10:1 or 15:1 maximum offered by other
designs such as twin-screw compressors,
because their outflow loads press on
bearings. For Vert Rotors, the benefit of
producing such high ratios is the possibility
to eliminate the one or two additional
stages of compressors required with other
technologies – reducing the capital cost
to install the system, and also the energy
costs to run them.
In addition, Low contends that
competing twin-screw compressors often
have a sweet spot in terms of efficiency
and flow speed. At very low speeds,
leakage between the 0.2-0.5mm clearance
dominates and reduces the pump’s
efficiency. At very high speeds, hydraulic
pumping losses come to dominate. Not
so the Vert Rotor design, where flow
output remains directly proportional to
shaft speed, whether rotating at 1,000
or 7,000rpm (the design is expected to
operate at 3,000rpm). The killer market
demand for that specific feature has yet to
be found.
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However, Low adds that the Vert Rotors
product might have found a competitive
advantage within light industry markets.
Leakage issues tend to limit twin-screw
compressors to applications above 3kW.
Below that, users might specify a pistonbased compressor, which is relatively
loud, or a scroll compressor, which has
a relatively low absolute pressure output.
Vert Rotors tests suggest that its design
is a bit more efficient than those at power
outputs of less than 3kW, although at
larger sizes, its efficiency is still slightly
lower than twin-screw.
In addition, it has been collaborating on
a one-year UK government-funded research
project on decentralised compressed air:
providing each user in a factory with their
own supply, and eliminating some of the
energy waste created by a big centralised
system, including leaks and balance-ofplant expenses. “If you have 10 users in
a facility, and one requires 10 bar, and
the rest 6-7, by default all machines have
to supply 10-bar air, and there’s a natural
energy penalty for doing so.” Similar
economies also apply to off-peak night and
weekend shifts, he contends.
The design was originally developed by
one of the founders in Russia, but moved
out of the country for logistical reasons,
and ended up in Edinburgh partly because
of the favourable governmental support
to tech start-ups. The original design, of a
cycloidal gearbox compressor, didn’t work,
until its shape was changed into a cone.
Low describes the parts as “fiendishly
difficult” to make, particularly the outer
rotor, whose complex geometry includes
undercuts and blind ridges that challenge
common machine tools. “A lot of people
said it couldn’t be done,” he adds. Also,
early demonstrators produced high
pressures, but could not sustain flow for a
reasonable period (they do now).
Both problems came from the same
issue, recalls the chief operating officer:
“When we first started the company, we
used a lot of subcontract manufacturing for
the rotor and housing. Getting consistent
parts from subcontractors depends on who
you ask, what materials, all sorts of things.
The first few years were quite slow in terms
of design iterations. But when we brought
manufacturing in-house five years ago, we
were able to iterate design and testing

things far faster. Part of the acceleration
of the company has been the ability to
manufacture parts ourselves.”
That meant some special design
software and advanced machining
technology that cuts in five axes: the X,
Y, Z Cartesian grid, plus rotations around
the X and Y axes (A and B). Having
productionised the design, and sold 12
units, the company is now looking to move
toward forming and moulding technologies
for mass production of the rotors, as they
will be less expensive than cutting each
piece sequentially.

A DIFFERENT APPROACH
A different approach entirely comes from
Lontra. The company is named for a
type of Otter, and that name was chosen
because of its marine heritage; an early
low-pressure (1 bar) design tested by
SevernTrent Water in a Worcester water
treatment blower application for half a year
was found to be 21% more efficient than
other technology used on site.
The design, pictured left, appears
to be a modification of a rotary-vane
compressor, and as such includes an
eccentric wheel component, but also
adds a screw element. To the untrained
eye, the entire system resembles a salad
spinner, consisting of an internal dish
with perforations that rotates within a
housing. In addition, the dish features a
ramp form moulded into its base. That
drags air behind it and compresses air in
front of it (left-hand inset image; rotor is
spinning clockwise), eventually pushing
the compressed air into the housing below
through the perforations (right-hand inset
image). Air is funneled into the device by
the eccentric wheel, which is positioned
at 90° to the dish. It rotates too, at the
same rate as the dish. A diagonal slit in
the wheel allows the ramp form to pass
through the plane of the wheel.
The first design has been licenced to
Sulzer pumps. A second version, LP2, is
launching for general sale later this year
and being manufactured in the Midlands.
A trial unit delivering up to 2,250m3/
hr (1,325 cfm) at a pressure of up to 1
bar(g) – 14.5 psig has been installed at the
University of Greenwich’s Wolfson Centre
industrial pilot plant, which carries out
research on pneumatic conveying systems.
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Selected and edited published applications from recent editions
of the patents journal. This month is Category C: ‘chemistry; metallurgy’
System and method for
producing beer/cider
concentrate

GB 2575614A

Frederick Havel, David Durkee
Coors Brewing Company, USA
The major component of beverages
such as soft drinks is water. Because
of the cost associated with storing and
transporting beverages, some technology
has developed to reduce the water content
in such beverages so that the storage and
transportation costs can be reduced. In
the case of soft drinks, it is well-known to
provide a syrup mixture or solution that
is prepared for consumption at a retail
dispense location by adding water and
carbonation. In general, soft drinks have
simpler flavour and aroma components
compared to malt beverages. Accordingly,
there is no substantial reduction in
the quality of a beverage made from a
concentrate as compared to the fully
hydrated and carbonated beverage
prepared at a manufacturing facility.
Alcoholic malt beverages and hard
ciders are considerably more complex than
soft drinks. Previous attempts to dewater
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malt beverages have not been particularly
successful because of substantial
differences in the taste of reconstituted
malt beverages as compared to those
finished brewed products provided from a
manufacturing facility /brewery.
In accordance with one preferred
embodiment, the method includes
introducing a standard high gravity beer (e.g.,
a beer with 5-20% ABV), malt beverage,
or brewed hard cider through a forward
osmosis filtration device containing one or
more sets or banks of forward osmosis filter
membranes. One side of a filter membrane
is contacted with the beer to be dewatered
and the other side of the filter membrane is
contacted with a draw solution that results
in ‘pulling’ the water out of the beer through
the filter. The permeate water and draw
solution define a diluted draw solution that
is subsequently transferred to a holding
tank for recycling in which the diluted draw
solution is treated to remove the excess
water content. The beer extract is ready for
packaging in which no further processing
steps are required. According to one specific
embodiment, the beer extract reduces water
content therein such that the extract has an
ABV of approximately 24-33%.

Porous, wet-triggered shrinkable
materials

GB2575532

Xuedong Song
Kimberly-Clark Worldwide

Insoluble shrinking fibres can be obtained
by spinning, drawing, and heat-treating a
carboxy-modified polyvinyl alcohol under
specific conditions. Yarns made from a
fibre of this kind have been proposed for
tightly fitting edge portions of disposable
nappies to the thigh. Unmet needs for
existing products include conformance,
comfort, and the elimination of leakage.
Previous attempts to make such materials
used processes that are relatively
cumbersome. Moreover, in general, the
materials will not start to shrink until a
couple of minutes after wetting.
Although capable of absorbing fluids,
conventional hydrogels used in disposable
nappies are generally soft and fragile in a
hydrated state and brittle and hard in a dried
or dehydrated state. Conventional hydrogels
have poor mechanical properties with poor
stretchability and notch resistance.
Recently a new class of hydrogels,
double-networked hydrogels, has been
developed with interesting mechanical
properties such as high elasticity,
toughness, and notch resistance in
hydrated state.
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An improved version of wet-triggered
shrinkable materials is disclosed here,
where the materials include a large number
of micro- and nano-pores in the wettriggered shrinkable materials that become
elastic upon hydration. The materials
absorb water or water-containing liquid to
shrink at least in one direction and swell at
least in another dimension. Upon absorbing
water-containing liquid, the materials
become elastic hydrogels that absorb at
least four times their weight in water.
The improved process employed here
uses self-generated heat to accelerate
polymerisation and curing for making
the materials without using UV light
irradiation. The materials produced using
this improved process are more consistent
in terms of strength and shrinking
performance. By placing all the ingredients
under vacuum to remove oxygen,
polymerisation starts to generate heat that
helps to accelerate polymerisation, crosslinking, and curing.

Light modulation element

GB2575579A

Phil Baker, Alex Holt, Joseph Sargent
Merck
Liquid Crystal Displays (LCDs) are widely
used to display information. LCDs are
used for direct view displays, as well as
for projection type displays. The electrooptical mode, which is employed for most
displays, is still the twisted nematic (TN)mode with its various modifications.
The invention provides a light
modulation element utilising the verticallyaligned deformed helix ferroelectric liquid
crystal (VADH FLC) mode. Typically, VADH
FLC modes utilising IPS electrodes show
alignment defects along the electrodes
after switching above a certain threshold
voltage. These alignment defects spoil the
dark state and hence the contrast ratio
for display applications. The electrode
edge defects are a consequence of the
non-uniform electric field profile of in-plane
electrodes, which contain a large vertical
electric field component near the electrode
edge. This couples to the spontaneous
polarisation of the vertical helix mode
creating a torque, which forces the helix to
turn over into the horizontal plane.
The inventors have found that electrodes
that pass through the vertical thickness
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In Brief
Waste suspension treatment
apparatus

GB2575069A

Stephen Marsh Boyer
A novel, scaled and portable adaptation of a
sewage treatment plant, to reduce biological
oxygen demand, ammoniacal nitrogen and
suspended solid levels of raw sewage to
conform with Environment Agency standards
in places such as campsites with irregular
levels of sewage influx.

A fire starter

GB 2575139A
of the cell can realise defect-free light
modulation elements utilising the VADH
FLC mode. An advantage of this VADH FLC
mode in comparison with nematic modes is
that it is very fast; switching time is of the
order of tens of microseconds, improving
transmission efficiency.
The invention provides the capability of
generating high contrast and wide viewing
angle images, favourable dark states, and
exhibiting fast switching, more particularly
to reduce the total switching time enabling
a satisfactory display of moving images.

Agglomeration of ultra-fine coal
particles

GB 2575413A

James S Swensen, Jonathan K Hodson, John
G Gritt, Nathan A Chapman, Paul R Samario,
Michael R Hodson, Simon K Hodson
Earth Technologies USA, Hong Kong
The normal industrial coal sizing and
crushing processes produce many fine
coal particles (0.3 mm to 2 mm) and
ultra-fine coal particles (<0.3 mm and
especially less than 0.1 mm). Since
the handling and shipping of fine coal
particles has proven difficult, generally it
is impounded as waste near the mine.
Agglomerates of the fine coal powder
can be made; commonly a coal briquette.
Starch is often the binder of choice, but
its cost can be prohibitively high.
The disclosed methods provide
strong and coherent agglomeration
of ultra-fine coal particles into forms
such as briquettes and pellets at low
binder amounts using a film forming
agglomeration aid applied to moist
particles in a water-based process.

Oliver Justin Neal
Hot Box Stoves
The invention provides apparatus for quickly
and safely starting a fire in an efficient
and consistent manner for a variety of
different applications. A plurality of elongate
and horizontally oriented wood-based
fuel elements is arranged in a Jengastyle formation to form a cuboidal stack.
Supported on the base fuel elements is a
flammable ignition element.

Transportable combustible
gaseous suspension of solid fuel
particles

GB2575367A

James S Swensen and Simon K Hodson
Fenix Advanced Technologies, Hong Kong
The invention aims to provide an affordable
substitute to conventional combustible gases
consisting of a suspension comprising a
gaseous carrier in which solid fuel particles
are suspended to provide a combustible
gas having an energy density comparable to
conventional gaseous hydrocarbon fuels. In
one embodiment, coal-derived solid matter
less than 10 µm in air, having a volumetric
energy density at atmospheric pressure in
the range of 25,000 to 120,000 Btu/m3.

Thermoplastic compositions,
methods, apparatus, and uses

GB2575613

James R Colgrove and Keith Wojchiechowski
Derrick Corp, USA
Thermoplastic polyurethanes (TPU) used
in injection molding processes to generate
screening members for use in vibratory
screening machines. New types provide
fine openings up to 100 µm that effectively
screen similar-sized particles.
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How to comply with
new IR35 tax rules
for contractors

The IR35 rules governing the use of contractors and freelancers change in April. Wright Hassall
partner Christine Jackson and senior associate Claire Halle Smith explain the background and
how you need to prepare

E

ngineering, creative, and technology
sectors are among several that
have traditionally used the services
of self-employed contractors, consultants
and freelancers – although HMRC uses the
rather pedestrian term ‘worker’ – to tap
into an additional pool of skilled resource
to complement their permanent workforce.
If you are one, or a customer of such
contractors, you may know that the IR35
rules are changing from 6 April 2020. The
changes will impact the way in which such
services are procured.
In the past, contractors, and their
clients, have been able to enjoy significant
tax advantages by providing their services
to an organisation via an intermediary –
usually a personal service company (PSC).

Christine Jackson
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However, HMRC’s belief that PSCs were
specifically being used as tax avoidance
vehicles led to the implementation of the
off-payroll working rules (otherwise known
as IR35) in 2000, designed to address
‘disguised’ employees.
In 2017, the IR35 rules were amended.
Public sector organisations (such as the
BBC or NHS) were made responsible
for determining the employment status
of those individuals whose services
they contracted via PSCs (or other
intermediaries). For contractors deemed to
have employee, rather than self-employed,
status, employers were required to pay
appropriate income tax and NIC.
From 6 April, this requirement is being
extended to large and medium-sized

Claire Halle Smith

businesses in the private sector. Private
sector businesses are understandably
concerned about the additional compliance
obligations – and the potential fallout from
getting it wrong.

WHAT NOW FOR EMPLOYERS?
Those employers that rely heavily on
contractors because of the specialist
nature of the services they provide are
likely to be particularly affected. All client
companies in the private sector will have
to comply unless specifically exempted.
Exempt companies must meet two or more
of the following criteria: an annual turnover
of less than £10.2m; balance sheet total
of less than £5.1m; and/or fewer than 50
employees.
Non-exempt organisations must
determine the nature of the employment
relationship between them and their
contractors. This has proved absolutely
key in a number of recent challenges
HMRC has brought to court. The four main
principles on which the relationship will be
largely judged are:
● Control: what control do you have over the
contractor (for example, what, how, when
and where they work)?
● Substitution: can the contractor substitute
a suitably qualified person to act in their
place?
● Financial risk: how much financial risk is
borne by the contractor?
● Mutuality of obligation: are you obliged
to give the contractor work and are they
obliged to accept any work you give them?
(The HMRC online test to check
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employment status, available via
www.is.gd/dojogu, does not consider this
issue, as it assumes that it exists in every
contractor engagement).
Time is pressing on. Non-exempt
organisations must assess the
employment status of their contractors
and issue to the contractor, and agency or
other organisation that contracts with the
client company, a ‘Status Determination
Statement’ (SDS). This needs to confirm
whether the contractor is genuinely selfemployed or, to all intents and purposes,
an employee. It should also explain its
reasoning.
It is certainly worth noting that the
HMRC will deem the client company
liable for tax and NI contributions until
the contractor (and agency or other
organisation that contracts with the
client company) is told of the status
determination and reasons for it. If the
contractor is determined to have employee
status, and so this employment is subject
to tax and NI contributions, both parties
will need to consider how the additional
tax cost will be dealt with. For instance,
the company could agree to absorb the
additional tax cost, or share the burden
with the PSC by renegotiating fees.
The IR35 rules are complicated, which
is why only medium and large companies
are required to comply. Companies must

ensure their systems are structured
appropriately to take account of IR35, and
that they create a system for addressing
any challenges raised by the contractors
in terms of the employment status
determination. Good legal advice will help
client companies to prepare accordingly.

AND CONTRACTORS?
HMRC’s track record in successfully
prosecuting contractors it considers to be
‘disguised employees’ is poor. Despite
a recent win against Christa Ackroyd
(presenter of BBC’s Look North) and
against Big Bad Wolff (the PSC through
which actor Robert Glenister, pictured
above, provided his services to the
BBC), HMRC has struggled to prove that
individuals were supplying their services as
employees, rather than as self-employed
contractors. Its most notable failures in
2019 included cases against TV presenters
Lorraine Kelly (pictured above) and Kaye
Adams, who argued successfully that they
were not employees of ITV and the BBC.
These cases highlight the opacity of
the IR35 rules and HMRC’s difficulties in
interpreting them correctly. For instance,
the judge considering Adams’s case
pointed out that HMRC had placed too
much emphasis on the written contract
between Adams and the BBC, rather than
looking at what actually occurs in practice.

Various commentators have suggested that
HMRC’s insufficient understanding of the
nuances of employment law has led it to
isolate specific clauses of a contract rather
than reviewing the nature of the overall
relationship between a contractor and the
client. Nonetheless, it should be assumed
that it is busily getting its house in order
before April’s launch date.

IN SHORT
Both organisations who employ the services
of contractors, and those people currently
providing those services, either directly or
via a PSC, should review the terms of their
engagement thoroughly. Client companies
are liable for tax and NI contributions
until they tell the contractor, and the
entity the contractor contracts with, of its
determination and the reason for it. It would
be easy for both individuals and affected
companies to be lulled into a false sense
of security due to HMRC’s past failures.
But HMRC shows no sign of softening its
stance towards those it suspects of tax
avoidance and, one assumes, it will be
learning from past experience to improve
its future success rate in court. Do not
be tempted to side-step IR35 by other
means. Treat any advice to implement a
tax avoidance scheme with considerable
caution: most do not work and do not have
HMRC’s blessing.
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Fluid
thinking
Following his Asides article last issue, Colin Ledsome CEng FIED continues
his exploration of the design of logical circuits using fluids rather than
semiconductors

A

s I came to realise some time
ago, being a design engineer
tends to focus your imagination
on things that could be. Anything
that you believe to be unachievable is put
to the back of your mind. Perhaps years
later, you make the connection between
that old idea and a technology you had
neglected, and a new vista of possibilities
opens up.
Occasionally, it works the other way.
You start to wonder if a particular piece of
existing technology has uses beyond the
ones it was invented for. A few years ago,
I started down this path with one of the
simplest fluidic components, a basic fluid

diode. This is shown diagrammatically
in the figures below (see also ‘Fluidics’,
January/February 2020, p5). The Coanda˘
effect describes the way a fluid stream,
emerging from a small channel into a
wider space, tends to follow the side
with the least curvature. In a fluid diode,
pressure in one direction, 1a, allows
uninterrupted flow through the device.
In the other direction, 1b, the stream is
curled back on itself, blocking flow.
This is very useful as part of a fluid
logic or control circuit. Even something as
apparently simple as this has component
parts. The curl on one side, the curve on
˘ effect itself
the other and the Coanda

each have a purpose and
may be considered for other
uses.
I began to wonder about other
ways these components could be used.
Suppose the space had two opposing
curls, as in figure 2: its behaviour would
change. This would give resistance to
flow in both directions; that is, a form of
seal, but without contacting surfaces. It
wouldn’t be a complete seal, since there
could be very slight leakage, but there can
be no significant flow in either direction.
This would be simple to do round the
edges of, say, doors and windows,
eliminating the need for unsightly, and

Flow follows design in fluidic circuits

Fig 1a
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Fig 1b

Fig 2
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Fig 3

expensive,
rubber
seals. It
would get rid of
strong draughts, but still allow
a little ventilation. The opposing
‘curls’ could simply be cut into the
surrounding frame and the edge of the
door or window. It would be necessary
to provide ‘stops’ for the door to close
against, but these could be at specific
points, perhaps the corners or part of the
lock system.
Suppose you replaced the piston
rings on a two-stroke engine with a diode
shape as a one-way seal, as in figure 3
(detail exaggerated for clarity). This would
allow partly-compressed air to flow past
the piston near the end of the power
stroke, as normally happens through a
separate channel. As pressure rises on
the compression stroke, the diode shape
would seal the chamber, and inject more
air into the head as the diode shape
shrank, until the pressure falls away
again after the ignition and power stroke.
Some contacting slides would probably be
needed to provide guidance to the piston,
although the pressure in the annular diode
shape may help. This would simplify the
assembly, but the effects on combustion
and flows into and out of the cylinder
would need to be investigated.
A similar configuration could be applied
to a piston pump, reducing the need for
valves. The effect of fluid travelling past
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the piston on its return stroke would allow
the inertia of the outflow to draw more
flow than a simple piston produces. (This
principle, using rubber flap valves, is
already available in the ‘Spate’ positive
displacement pump made by Selwood,
pictured above.)
Suppose the diode curl was cut in
a rotating shaft within a corresponding
housing as in figure 4 (details exaggerated
for clarity). Now things get more
complicated. The spin of the shaft will
encourage a vortex to form, generating
a small pumping action, helping to
pressurise one side and increase the
one-sided seal effect. This could be
used to move lubricant into a bearing,
or pressurise part of the assembly.
Depending on the situation, this
could simplify the system by reducing
complexity.
Currently, a labyrinth seal – in which
a series of annular grooves provide
several larger spaces with small openings
between them – would probably be used.
This dissipates the energy of the flow,
providing an effective seal.
A double curl, as illustrated above,
would give a two-way seal. However,
it would still generate a vortex, so
resistance in one direction would
be greater than in the other. This
vortex action is used, at a larger
scale and a circular geometry, in
hydro-kinetic braking systems (Voith
vehicle retarder pictured at right).

Fig 4

If any of these ideas have promise,
they would need some research and
prototype testing to find the best shapes
and sizes for different purposes and levels
of performance. They would also need
to be compared with existing methods
of performing similar tasks. Since I
am retired, I’ll just keep on using my
imagination.
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The challenge of designing an

AIRLIFTER
Designing a successful military cargo aircraft has proved a
huge challenge for the major aircraft companies, taxing their
design engineers to the full, and at times bringing those
companies to the brink of bankruptcy, writes
Sir George Cox BSc(AeEng) CRAeS HonFIED (Past President)

O

f all the various categories
of aircraft, designing a
military airlifter ought – on
the face of it – to be the
simplest. For a start, airlifters are normally
designed to meet the fully-specified
needs of an individual customer; there
is no need to second-guess what these
requirements might be, or to speculate
on future markets. And surely an airlifter
is little more than a truck on wings
anyway? Having spent the past four years
researching a book on the development of
US airlifters (see also book review, p33),
it has become clear that nothing could be
further from the truth.
The first point to appreciate is that
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airlifters have not evolved like other
military aircraft types. Fighters, for
example, progressed from the wood and
fabric biplanes of the First World War to
the Spitfires and Hurricanes at the start
of WWII, and to jets by its conclusion.
However, until the start of WWII, military
air transportation hardly existed. Troops
and their equipment went by rail, road
or sea. Indeed, why would you seek to
transport them in any other way?
While air transport in the 1930s was
becoming well established, it remained a
form of luxury travel for the wealthy.
Suggesting that it was a suitable
way to move troops would have
sounded as preposterous as

proposing to move a battalion by
sending a fleet of stretch limousines.
The onset of WWII changed that at
a stroke. The US found itself needing
to support its forces and allies, along
fast-moving fronts on three different
continents. The only option was to press
all the available airliners into service (as
pictured, below right), and to step up
production of the three most successful
designs. These did sterling service –
indeed, over 17,000 served with the US
and Allied forces – but they were hardly
well-suited to their task; they had
slim streamlined bodies with
narrow access doors, and cabin
floors which either sloped or
were 14ft (4.27m) above the
ground. It was only in the postwar years that purpose-designed
military transport aircraft started to
command serious attention.
The first problem facing aircraft
manufacturers was that although the
Army and Air Force were clear on their
requirements, those were based on the
experience of past wars. The nature of
armed conflict, however, would change
over the coming decades. The wars in
Korea, Vietnam, Iraq and Afghanistan,
along with the Cold War standoff and flareups like the Berlin Airlift, each demanded
different capabilities. Yet airlifters needed
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to be designed for a service life measured
in decades; Lockheed’s C-130 Hercules
first flew in 1951 but with updated
technologies is still likely to be in service
in 2040.
Consequently, airlifter engineers
needed to think beyond what was
initially being specified, and develop
designs able to meet not only those
immediate requirements but also future
developments both anticipated and
unknown. This also meant anticipating
future advances in technology in related
areas like avionics, materials and

On top of which, most airlifters also have
to be capable of air-dropping their payload
(troops or cargo) by parachute.
A further important consideration is
that military aircraft, unlike their civilian
equivalents, don’t always have the luxury
of lengthy paved runways. They must be
able to operate from
semi-prepared
airstrips with
minimal
local

engines. Airlifter
design engineers have thus always been
designing for the future: producing aircraft
that will long outlive them.
What also became clear from early
experience was that what matters with an
airlifter is not how fast it can fly, but how
quickly it can be loaded and unloaded.
This was underlined by the Berlin Airlift
which lasted almost a year, during which
time everything – food, fuel and other
essentials – had to be flown into the
beleaguered city. At its peak,
an aircraft was landing every
thirty seconds. Turnaround was
critical to preventing the airport
becoming gridlocked.
As any air-traveller will
testify, getting on and off an
aircraft is hardly a slick process. There
are many means of providing improved
access, particularly when it comes to
handling over-size cargo like artillery
pieces or fighting vehicles. Over the years
they have included clamshell doors in the
nose or rear, swinging noses (upwards or
sideways), hinged rear fuselage sections,
built-in ramps and even separate pods
where part of the fuselage detaches, but
they all come with drawbacks in terms of
structural complexity and weight penalty.

support facilities. Designers initially
responded with configurations that
prioritised STOL (Short Take-Off and
Landing) capability.
All of these demands have led to
hundreds of imaginative designs, but
only a handful ever progressed beyond
the drawing board or mock-up stage, and
even fewer made it as far a flying aircraft.
And of those that made it, several had
very protracted development periods,
requiring major redesign or even in-service
modification.
There were
also times when

the customer’s ambitions outstripped
the aerospace industry’s capabilities.
In the late 1950s/early 1960s, aviation
leaders began predicting the need for fast,
long-range VTOL (Vertical Take-Off and
Landing) aircraft. It was envisaged that
civilian airliners and military aeroplanes
alike would have vertical-flight capability;
no longer would aircraft need to accelerate
along
some
three kilometres
of concrete to
get airborne.
This view was
reinforced by
the wide variety
of technologies
being explored
by experimental VTOL test-beds. They
involved tilting wings, tilting engines,
deflected thrust and the use of small,
separate lift-engines.

DESIGN COMPETITION

www.ied.org.uk

To pick the most promising approach,
the United States armed forces – the Air
Force, Navy and Marines – launched a
formal competition at the start of 1961.
Amongst other things, the requirements
specified a useful payload of 8,000lb
(3,629kg) and a cruising speed of 250300kts (463-559km/h): a far higher
speed than can be obtained by a
helicopter. It attracted 11 entries meeting
those requirements, plus seven further,
non-compliant submissions. They differed
widely but were all highly imaginative
designs. The winner, a consortium of
Vought-Hiller-Ryan, received a contract
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for two prototypes designated the XC142 (pictured, p31 inset). The flight-test
programme was largely successful, but
did not lead to a production contract.
Sentiment had begun swinging against
VTOL. The cost and complexity of vertical
take-off and landing, and the penalty in
normal flight performance which resulted
from the surplus power and extra weight,
proved not worth the effort. Indeed, looking
across all types of aircraft of that era, only
the British Harrier (or AV-8 as known to the
Americans) proved a practical VTOL option.
Engineers then turned back to STOL
designs, a far more practical proposition,
leaving to helicopters the task of delivering
men and materials from forward airstrips
to the front-line. This proved a far more
fertile line of development, with an
influence that can be widely seen today in
aircraft such as the Boeing C-17 and the
latest version of the C-130 Hercules (both
widely used by air forces in addition to the
USAF, including the Royal Air Force).
Military transport developments in
the 1950s also had a major influence on
civil aviation. The United States Air Force
requirements for a high-speed freighter/
tanker able to air-refuel B-52 bombers
(which formed the basis of America’s
nuclear deterrent) led to the Boeing
KC-135, whose 707 civilian equivalent
would go on to usher in the era of
intercontinental jet airliners. Moreover,
its configuration – swept-wings and tail
surfaces, with podded engines beneath
the wings – would establish a pattern
widely adopted by airliners to come.
However, other concepts of the time
led nowhere. Those early VTOL airlifter
designs had plenty of company in the
technology graveyard; one of which was
nuclear propulsion. Today, in the light of
disasters at Three Mile Island, Chernobyl
and Fukushima, the idea of planes flying
around the globe with nuclear reactors on-
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board seems outrageous, but mid-century
aeronautical engineers enthusiastically
embraced the concept. From 1955 until
1957, the US Air Force test flew an
adapted bomber, the Convair NB-36H,
with an operating nuclear reactor on board
(plus tons of lead shielding). However,
the reactor provided no contribution
to propulsion, and no nuclear-powered
aircraft ever got beyond the drawing board.

INCREASED CAPACITY
One path that did prove fruitful was the
quest for massively increased capacity.
By the 1960s, the United States Air Force
was looking for an airlifter capable of
lifting a payload of 125,000lb (56,750kg)
and of accommodating the largest items
of military equipment. To put this in
perspective, the heaviest payload carried
by a military transport in WWII was
15,600lb (7,080kg). The concept was
made feasible by a powerplant design that
had been developed to meet just such a
need: the high-bypass turbofan. The fierce
competition to build such an aircraft – to
emerge eventually as the C-5 Galaxy – was
won by Lockheed (pictured, above). This
was probably something of a shock to
Boeing, which had produced a very strong
competitor. Left with a large design team
which had been working on a massive
aeroplane, and having the new big engines
available, the company took the very bold
move of switching its resources to building
a civilian airliner on the same scale. The
gamble paid off. The Boeing 747 – or
‘Jumbo Jet’ as it quickly became known
– would go on to dramatically change longhaul air travel. Having first flown in 1969,
over 1,500 have so far been produced,
and the final version (a freighter) is still
in production. By contrast, Lockheed
produced only 180 C-5s, and although
it eventually ended up as a very capable
aircraft, its development (meeting stringent

conflicting requirements in terms of cost,
weight and performance) proved very
problematic. In retrospect it seems this
was a good competition to have lost.
All design is a matter of compromise,
but with an airlifter it is a particularly
complex process. Firstly, there is the
trade-off between the various elements
of performance: payload, range, cruising
speed, weight, runway requirements, ease
of access and cargo-hold dimensions.
Get the balance wrong and the result is
an aeroplane that either fails to meet the
specified requirement or loses out to a
more-promising competitor. However, there
is the further set of considerations and
compromises: cost, potential for long-term
development, and degree of innovation
(which dictates risk). Get these wrong and
you don’t just lose out to competition, you
could be betting the farm.
And what of the future? As mentioned
earlier, the shape of conflict keeps
changing. Amongst other things the
concept of a ‘front line’ has become
more fluid; troops frequently need to be
inserted directly into or extracted from a
hostile area. Occasionally too this has to
be achieved without the operation being
detected. This requires transport aircraft
that can fly into the battle zone using lowobservable (or ‘stealth’) technologies and
possessing the kind of high-speed, terrainhugging capabilities previously associated
with fighters and attack aircraft. Along with
stealth, these aircraft will embrace new
VTOL technologies that engineers could
only imagine six decades ago. Much of the
work on the designs remains shrouded in
secrecy but from the information available,
it is apparent that industry is studying
some very radical configurations.
This much, however, is clear: tomorrow’s
airlifters will, even more than their
predecessors, have forever shrugged off
any hints of being simply trucks on wings.
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WHAT’S HAPPENING

AMERICAN SECRET PROJECTS
Volume 2: US Airlifters 1941 to 1961
By George Cox and Craig Kaston
Published by Crécy, 304pp
Book review by Graham Jeffery
This recently-published book joins a series on the
subject of secret projects, both US and European,
which charts the history of aircraft design. It is
co-authored by Sir George Cox, a Past
President of IED, in collaboration
with Craig Kaston, who, following a
career in aerospace engineering in
the USA, has contributed to various
articles and publications (see also
article, pp30-32).
On opening the book, it will
soon become apparent that many
pages are almost completely
taken up with illustrations. I
have little doubt, therefore,
that most readers, picking it
up for the first time – even
if they have an aerospace
engineering background – will
initially leaf through it, as I did, looking at the
pictures. Unsurprisingly then, the book relies
primarily on its pictorial record of the numerous
projects that it describes, with supporting text.
The blurb on the rear of the dust cover is
certainly accurate in claiming that it chronicles the
history and evolution of the US airlifter from its
beginnings at the outset of World War II through to
1961. In addition to outlining the development of
those aircraft that entered service, it describes over

100 design proposals, many of which are being
revealed to a wider audience for the first time.
The substantial influence on civil aircraft
projects and the resultant advances in civil
aviation in the USA over the years is also
described and explained. As a personal
observation, this highlights for me the fact that
there was effectively a substantial degree of
cross-subsidisation, as a
result the considerable
research and development
funds, which these (and
other) military projects
attracted. I have little doubt,
therefore, that the civil aircraft
industry in the USA gained
a significant advantage from
this, in terms of both cost and
technology acquisition.
So what exactly does this
book achieve? It certainly fills a
gap in the Secret Project series,
in that it joins and it illustrates
some unusual, curious, even bizarre
and ill-fated project proposals, which should be
recorded. It will certainly be of interest to some
with an aerospace engineering background.
Will it, however, be bought in any numbers by
those enthusiasts with a more general interest in
aviation history? Probably not, in my opinion: I
suspect that those books in the series describing
secret fighter and bomber projects will be
altogether more seductive and attractive to them.

No-frack shale gas removal tool launched
Zorin Eco Technologies has developed a new
means of extracting gas from sedimentary shale
rock formations, such as in the UK, that does
not involve injecting high-pressure fluids into
the wellbore, as occurs in hydraulic fracturing.
Instead, the technique relies on taking advantage
of natural fractures in the rock.
The rig, which is
said to be smaller than
conventional fracking rigs,
is used in a near-balanced
drilling process, in which
the pressure in the bore
is about the same as the
static pressure in the
drilled rock.
During the process,
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a polycrystalline diamond bit grinds shale to
powder. At the non-cutting side of the bit, the
shale powder, mixed with a fluid, is pumped to
the surface.
After drilling the vertical section, the drill
string is removed and tubing is inserted for the
horizontal section. The well is said to start to
produce gas during drilling.
“This innovative and novel drilling
methodology and associated equipment allows a
three times increase in gas yield and at a quarter
of the conventional cost for the construction of
each and every well,” states Mike Flannery FEI
F Inst Pet FIED, managing director of Zorin Eco
Technologies.
UK oil and gas consultants Global Exploration
Service recently reviewed the design favourably.

Mike Evatt
It is with great
sadness that
we mark the
passing of former
Council member
EurIng Mike Evatt
BA(Hons) CEng
MIED.
Mike joined the IED in 1991,
whilst working as a Senior Lecturer
at Coventry University. His career
had started in 1963, and spanned
a variety of roles – he was a
‘product designer’ before the term
became popular, working on a
wide range of products, many wellknown and well-used by the public,
including the first ever ceramic
hob (at GEC Hotpoint), the spirit
optic and the ‘coke’ can cooler for
Wimbledon (at MU Refrigeration),
as well as pushchairs for Maclaren
and Mothercare.
Mike served as a member of
Council and Trustee from 2002 to
2014, including a period as Vice
Chair. He also volunteered as an
active member of the Education and
Training Committee from 1996 until
December last year.
Mike retired from full-time
work at Coventry in 2009, but had
spent the last ten years working
as an Associate Lecturer for the
Open University and continuing
to volunteer for the Institution,
conducting interviews and course
accreditations.
Mike’s passion for design was
unmistakable, his enthusiasm
for passing that passion onto his
students work well recognised and
appreciated. A kind and gentle
man, an artist and a friend to the
IED, Mike will be missed by many.

Events
Engineering Solutions Live
12 March, Gaydon
Virtual Engineering 2020
25-26 March, Shoreham
Med-Tech Innovation Expo
1-2 April 2020, NEC
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INSTITUTION NEWS

Elections & Registrations
Registration as Chartered
Technological Product
Designer
Andrew Wodehouse
Glasgow
Registration as Engineering
Technician
James Hoskins
Bournemouth
Transfer to Fellow
Benedict Sheppard
London
Benjamin Watson Portsmouth
Election to Member
Simon Bryant
Norwich
David Else
Altrincham
Jake Fryer
Bournemouth
David Hann
Poole
James Hoskins
Bournemouth
Warren Human
Leyland
Alexanda Maryan
Tiverton
Christopher Papworth Leicester
Petko Petkov
Cardiff

Lee Price
Wayne Rudman
David Sewell

St Austell
Didcot
Bournemouth

Elevator Business Centre
Max Frear

Election to Student
Member

University of Glasgow
Corrie Grant
Rebecca Jones

Brunel University
Alexander Lock

Keele University
Rohail Adeem

Buckinghamshire New
University
Emily Atkins
Fahmida Khan
Miriam Manca
Charlotte Newton
William O’Hare
Sophia Potter
Rameel Siddiqui
Ben Vass
Di Vu
Connor Wall

University of Lancashire
Timothy Grindley
University of Central
Lancashire
Luke Booth
Vegas Ingham
University of Leeds
Dominic Birkwood
University of Malta
Aidan Azzopardi

Raffaella Baldacchino
Jake Bonello
Keith Borg
Jack Galea
Svetlana Mifsud
Clayton Sciberras
Kurt Spiteri
Kersty Jo Zammit
Laura Zerafa
University of Nottingham
Malaysia
Mohamad Abraham
Kai Feng Bong
Terrance Chen
Jin Jun Cheng
Nittikorn Chian-Promchan
Wei Song Ching
Geanne Fong
Dimas Ismadi
Gulshen Victor John
Brendon Leonard
Jia Hao Loo

Harshayardhan Maniam
Xue Qiao Ng
Vevekananda Pasupati
Dickson Zhen Seng Png
Darvinesh Pramananthan
Piranavan Sangar
Han Quan Seow
Suthan Shuras
Narinder Singh
Christina Hui Fang So
Sen Yao Soon
Jia Cheng Teo
Shoun Yao We
Wei Wong
Kang Jack Yap
Open University
Jessica Packman
Politecnico di Milano Italy
Pranav Darda

Research published by the Royal Academy of
Engineering indicates that the gender pay gap
is smaller in the engineering profession than
the UK employee average. The mean (10.8%)
and median (11.4%) pay gap for engineers in
the sample analysed is around two-thirds the
national average.
Although the gap is less than feared, the
report finds that closing it will take concerted
effort within the engineering profession. One
well-recognised issue that is contributing to
the gender pay gap in engineering is the lack
of women going into the profession, and while
attempts have been made to address this,
progress is disappointingly slow.
The report recommends actions that go
beyond addressing this initial recruitment
challenge to close the gender pay gap through
addressing the retention and progression
of women to more senior and higher paid
roles. The actions it recommends as most
effective include implementing transparent pay
structures and grades, reviewing promotion
criteria and introducing flexible working
options for senior roles.
To compile Closing The Engineering Gender
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Pay Gap, the first report of its kind for the
engineering profession, www.is.gd/ecugom,
the Academy commissioned WISE to analyse
the pay data of nearly 42,000 engineers
working in the UK, to approximate
the gender

pay gap
for the engineering profession. This
analysis, with data voluntarily provided by 25
engineering organisations of different sizes
and from different sectors, excludes nonengineering roles to help identify issues and
challenges specific to the profession. This
approach differs from the mandatory gender
pay gap reporting to government, which does
not identify individuals’ professions.

The report confirms that
underrepresentation of women in senior roles –
rather than unequal pay – is the single largest
cause of the gender pay gap for engineers. The
factors that most contributed to pay variance
for engineers in the sample included career
level (40%), type of employer (12%), age
(6%) and the annual revenue of the employer
(5%). Just 9% of engineers in the top career
grade in the sample were female and women
accounted for only 8% of those in the upper
pay quartile.
Jonathan Lyle CB FREng, Chair of the
Academy’s Closing the gender pay gap
Steering Group, said: “Reducing both gender
and race inequality is key to addressing the
damaging shortage of engineering skills in
the UK economy. Whilst we are making some
modest progress in attracting more girls and
women into engineering, our research shows
that there remains much to be done to achieve
gender equality in engineering careers.
Helen Wollaston, WISE Chief Executive
said: “This isn’t really about pay, and it
isn’t really about women. It’s about good
business.”
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Action needed on engineering gender pay gap – RAEng
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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:
membership@ied.org.uk to discuss your next step.

If undelivered, please return to:
The Institution of Engineering Designers,
Courtleigh, Westbury Leigh,
Westbury, Wiltshire BA13 3TA

