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VIEW FROM
THE CHAIR

W

e are living through a period of major challenges. We are emerging
from the effects of a world-wide epidemic; nuclear war still lurks in
the background of international politics and the environment is
becoming polluted by our activities. In an overcrowded world, rapidly spreading
epidemics could become more frequent. COVID-19 may have been a rehearsal
for something worse. Nuclear war would end life on Earth in days, yet our
political leaders continue to try to upgrade their weapon delivery systems.
(Why bother to deliver them?)
Even so, it’s the environmental problems that present the most complex
and persistent threat. The Earth’s environment has been relatively stable for
millennia. Temperatures have fluctuated around in a range that has allowed
life to develop and flourish, despite a few ice
ages. If we think of the Earth in system terms,
such stability must come from some corrective
feedback mechanisms, which come into play
when something tries to push the system out of
the normal range. Our treatment of the
environment has put pressures on that system,
which have pushed it some way from its old
Even with healthy competition, climate change remains stable position, and the feedback mechanisms
top of the worry list for Colin Ledsome CEng FIED
are pushing back with extreme weather and major
changes in the flora and fauna we depend upon.
As designers, in any field, we have the power,
and the responsibility, of helping reduce the impact that our activities have on
our world. An underlying requirement in any design process must now be to
minimise the impact of the product on the environment during production, use
and at the end of its life (or lives) in service.
We should not automatically assume that a product is going to be made
from ‘raw’ materials. Are there any products coming to the end of their lives
and returning to the manufacturing system, which have components we can
use or adapt for our new product? Comparing the extraction and process
costs and the energy consumed in using new materials, with those in
modifying existing components soon shows the advantages of reuse and
systems for returning used products to industry. Take a look at the BSI
standard series BS 8887 for some guidance.

The biggest
threat

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

Models in
the mind
A

fter John Logie Baird demonstrated his early
prototype television to an audience, a woman came
up afterwards to say how much she had enjoyed it
and that now she understood the mechanism of the
eye. Baird replied, “So who is sitting in your head watching
television?”
We all have models in our minds of how the world works.
Infants’ brains gradually learn how to interpret the signals from
their various senses to build up a model of the world around
us. Our thinking selves live, and make decisions on what to do
next, on the basis of the model the brain has constructed of the
world outside ourselves, and how we expect it to behave. What
we ‘see’ and ‘hear’ is the brain’s interpretation of the signals it
receives from the relevant organs. There is no way of knowing for
sure if different people interpret those signals in the same way,
but we have to assume they do in order to cooperate.
Instead of getting into a deep existential debate, let us
assume that all is as it seems to be. For engineers and
designers, our internal model of the world around us has been
brought into sharper focus by our experiences and the ‘laws’ of
physics (a group of generally accepted models) as we understand
them. We also have general models of how people are likely
to behave based on our own experience, and the vicarious
experience of others.
Here we have to pause and reflect that models are not real.
They all contain assumptions and limitations, which make them
simple enough to understand. (This includes the equations of
science and their mathematical manipulations.) The statistician
George Box said: “All models are wrong, but some are useful.”
Recent research has shown that some people have difficulty
visualising mental pictures. Academically able people with this

www.ied.org.uk

tendency are more likely to go into scientific careers. It isn’t clear
if the research differentiated between science and engineering.
Personally, I have tended to perform well on mental visualisation
tests and believe it makes me a better design engineer. I think
all design benefits from such an ability. It may be that engineers
(and possibly product designers) are divided into those with less
visualisation ability, who become more analytical, and those who
can visualise, who become better designers.
When we design something, we construct a mind model
of what we think will work. Sometimes we have to begin with
the various constraints from the customer’s requirements, the
limitations of materials or manufacture, and conformance to
a standard, or the legal or safety requirements. These form
a space within which we can work, perhaps testing those
constraints to see if they have some flexibility or even validity.
Designs derived in this way may be novel, or even innovative, but
will need significant work to ensure that they are viable. At other
times we might begin with a fairly detailed concept derived from
similar designs from our own or others’ experience. This may
result in a viable design in a short time scale, but is unlikely to
be the leap forward that will capture the market. Known solutions
can be useful, but some ‘blue sky’ thinking may produce a more
satisfactory result.
In my time at IED I have also visited many degree courses
in both product design and engineering, but mainly the latter.
In my experience, most university engineering departments
tend to be staffed by more analytical people and product
design departments by more visual people. Perhaps each of
the department types should deliberately recruit staff with the
other capability if we are to produce truly rounded designers for
industry.
5
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Colin Ledsome CEng FIED examines
the importance of something
he knows is not real

Ecodesign & the
circular economy
Obscured by the rising hysteria of the early part of the Coronavirus pandemic crisis was the
European Commission’s launch of a circular economy action plan that aims to transform
manufacturing as we now know it. In fact, it builds on 15 years or more of
standards-making in the UK

T

he European Commission said
in March: “At present, many
products break down too quickly,
cannot be reused, repaired
or recycled, or can only be used once.
This linear pattern of production and
consumption (‘take-make-use-dispose’)
does not give the producers an incentive to
make more sustainable products.”
Instead, its Sustainable Product Policy
Framework proposal, part of the so-called
European Green Deal, will encourage
and push manufacturers by empowering
consumers, establishing sustainability
principles, and widen the Ecodesign
Directive ‘to make it deliver on circularity’.
It states that the EU’s 2050 climate
targets can’t be met without moving to a
‘fully circular economy’.

The EC says that with these plans it
intends to improve product durability,
reusability, upgradability and
repairability. It wants to increase the
recycled material content of products
and reduce the amount of hazardous
chemicals in them, as well as restricting
single-use products and counter
premature obsolescence.
Measures being considered
for implementation in the next
few years include a ‘right to
repair’ goods, with a particular focus
on electronics; introducing a common
charger for mobile phones; mandatory
minimum percentages of recycled material
in packaging; phasing out single-use
batteries; improving textile recycling;
banning single-use cutlery. As the

Case study: investigating truck part harvesting
Renault Trucks and Indra Automobile Recycling of France are carrying out a one-year preliminary study
into recycling and reusing truck parts, with financial support from French government environmental
protection organisation ADEME and with the assistance of CIDER Engineering, an Indra partner
specialised in dismantling heavy equipment.
From July 2020, Renault Trucks and Indra Automobile Recycling will start recycling trucks on a
larger scale. Five Indra Automobile Recycling centres will be taking in 15 Renault Trucks vehicles for
dismantling this summer.
After cleaning and referencing, the parts will be offered
to customers through the Renault Trucks repairer and dealer
network. The remaining material from dismantling will be recycled.
Between now and the end of the year, around 100 trucks will be
dismantled at Indra Automobile Recycling centres and at Renault
Trucks dealerships and branches, then recycled.

6
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REGULATION

UK is currently in the process of leaving
the EU, it remains uncertain whether such
rules will eventually apply here; however,
UK exporters to EU countries would be
bound by them.

UK DEVELOPMENT

Taras Livyy/stock.adobe.com

The new rules follow years of national
thought and standards developments.
For example in the UK, the first part of
BS 8887 standard series Design for
manufacture, assembly, disassembly
and end-of-life processing (‘MADE’)
was first published in 2006. It has
since been superceded by the
latest international version BS
ISO 8887-1:2017, General
concepts and requirements.
Two other parts, which
have also been
published, are:
2, terms and
concepts, and
3, guide to
choosing an

www.ied.org.uk

appropriate end of life strategy.
Chair of the TPR/1/7 committee at
BSi that produced the series is Brian
Griffiths. He says: “It seems to have taken
off in that it was the first one to look at
things holistically. When you design a
product, it’s not only to make the part, to
assemble it, get it to the user, but at the
end of its life, you do something to the
parts so it’s not thrown into the bin.”
He adds: “There are four stages, and
you have to design for all four, not just
one in isolation.” Solving this issue is a
matter of education, according to Griffiths
(whose latter career, after a stint at ICI
prototyping plastics, was spent at three
universities). “It’s an education not only
of individuals and groups of people, but
companies and philosophies.”
He recalls that progress was slow in the
early years as differences were reconciled
between the agendas of production
engineers interested in the first two
elements with the eco-people interested
in the latter two. “The idea of producing
designs that take into account end-of-life
was quite novel. We banged our heads
against a brick wall in the early years.”
Now, there are seven current
standards in the series, excluding parts
2 and 3, and more are in development.
The committee states: “Work is currently
focussed on the ‘D’ and ‘E’ elements of
MADE -- in particular sustainable product
design issues and remanufacture – with a
review of the ‘M’ and ‘A’ elements in the
pipeline.”
BS 8887 proposes six possible end-oflife paths: remanufacture, reconditioning,
reuse, repurposing, recycling and
disposal. IED chairman Colin Ledsome
CEng FIED, who served on the technical
committee that developed it, says:
“Remanufacture is the most desirable,
since it recovers the
maximum value from the
product or component”.
The process of
turning a worn part
into something that
in warranty terms
is as good as
new, if not
better, is
a big area

of growth, according to Griffiths. In his
opinion it is at the centre of design for
‘unmanufacturing’, returning things in a
real circular economy sense.
He explains how remanufacturing might
work in practice, using the example of a
brake calliper. “You take it off of a car
you are scrapping and strip the paint off.
Any wear that has been occurring in the
piston, you do redeposits on using modern
manufacturing techniques – deposition
– to build up the layers such that the
piston is able to move in the assembly.
You probably replace the O-ring seal, and
put it all back together, and realign it,
perhaps with some deformation processes
to make sure that the bit that supports
the brake lining is there. You take the old
brake lining off and put new rivets in and
put new brake lining in.


14 product groups covered by
both Ecodesign and labelling
Dishwashers
Washing machines
Tumble dryers
Refrigerators
Professional and commercial refrigeration
Lamps
Electronic displays
Domestic cooking appliances
Heaters
Water heaters
Local space heaters
Solid fuel boilers
Air conditioners
Residential ventilation units

11 product types are covered
only by Ecodesign
Simple set-top boxes
External power supplies
Electric motors
Circulators
Industrial fans
Water pumps
Power transformers
Welding equipment
Air heating products
Computers and servers
Online data storage products
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“You have the opportunity to
remanufacture it for multiple lifetimes.
In the brake example, the rivets are
disposed of, but the actual calliper
itself could last several cycles, because
the body of the calliper transmits the
working stresses of the function of
the component. It’s not just a circular
economy, it’s a series of circles, as
each part is reused time and time
again. Some parts you reconstitute or
recycle. If the highest level of circular
economy is remanufacture, which it is,
then really we are just reusing the same
basic components because they are
stress rather than wear components.
That creates a multidimensional circular
product design economy.”
But there is some way to go before
UK manufacturing reaches that position,
he observes: “This is miles away from
the current situation. You have to get the
public educated and manufacturers taking
a long-term view rather than just a shortterm view.”

DESIGN AS THE LYNCHPIN
Making manufacturing more sustainable
requires working through the process
from the very beginning, according to
the report ‘Standards in the time of the
European Green Deal’ published in April
by Brussels-based environmental NGO
ECOS (pictured; www.is.gd/fuhavo).
“Product design constitutes the
most important stage in a product’s
lifetime when it comes to minimising its

environmental impact,” it states.
ECOS explains how the circular
economy might be applied in one
particular case: sectors using resources
of high environmental impact, such as
concrete, steel and chemicals. Standards
for the design of products using these
resources, it says, “must be adapted to
go beyond purely functional requirements
and incorporate sustainability-focused
ones that support resource-efficient
design and production, minimise material
use for equivalent functionality and safety,
and reduce overall
emissions.”
However,
Colin

Case study: reman engines
Diesel engine manufacturer Caterpillar remanufactures
engines and components and markets them under its ‘Reman’
branding. Reman parts are said to cost up to 40% less, but
have the same warranty as new products.
For example, earlier this year the company launched two
remanufactured transmissions for oil and gas pumping use.
“Remanufacturing also helps keep high-value raw materials in
productive use and extend the value of the non-renewable resources consumed in a component’s
original manufacture,” said Caterpillar Oil & Gas account manager Rajesh Sethupathi.
Marine engines are another area. “Remanufacturing is more than rebuilding,” said David Holt,
marine industry specialist for Caterpillar’s global aftermarket marketing and brand division. “It’s
returning engines and components to their original performance specifications and latest engineering
changes.” He was speaking in 2018 when the company expanded the scope of its remanufacturing
offering for two marine engines for commercial shipping and yachts, to include wiring harness, junction
box and associated sensors, for ease of installation.

8

Ledsome cautions that there are risks
in designing by committee. He criticises
an attitude that he says is common
on the Continent “that you can design
something, then measure its ecological
impact against some scale, and make
corrections. Any novelty in the design
may not conform to previously laid-down
criteria. Even if it does conform, it may
still not be an efficient design.”

MAKING PROGRESS
However the design process is carried
out, the resulting products may, or
may not, work toward large-scale
societal goals such as sustainability.
Standards provide the technical
background and detail to help
society judge products in a
systematic way. As the ECOS
paper puts it, “Standards not only
play a key role in the single market by
harmonising product and service technical
specifications, but also have a significant
impact on other aspects of society by
providing presumption of conformity with
regulatory requirements.”
Of course, on their own, standards
such as BS 8887 are guidance
rather than legal requirements, so
their implementation rests on the
understanding and willingness of

www.ied.org.uk
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REGULATION

corporate management. Ecodesign goes
a step farther, because it has the force
of law through the bureaucratic procedure
of ‘comitology’. Ecodesign sets minimum
standards of energy efficiency and
environmental requirements in design for
25 categories of products, more than half
of which are consumer goods (see box,
p7). Those products that don’t meet the
standards cannot be sold.
Ecodesign was first implemented in
2005 alongside a standard labelling
system that reports how much energy
they consume. The framework seems
to have been successful. The impact of
Ecodesign is audited annually. The latest
report prepared by Dutch consultancy
VHK (January 2019) estimated that by
2020 it will have saved 15% of primary
energy compared to the business-as-usual
case. That means savings of: 306 Mt
CO2 equivalent (7% of the 2015 EU total);
2.5 billion m3 drinking water; €63 billion
net consumer spending. In that time,
it produced 930,000 extra jobs in the
wholesale retail and installation sector.

www.ied.org.uk

Since its first introduction,
Ecodesign’s remit has been expanded
from energy-consuming consumer
appliances to other equipment (see box,
p7). And it now includes other factors
beyond energy usage, including water
consumption for washing machines,
durability for lights and vacuum
cleaners. It provides information about
disassembly and recycling of vacuum
cleaners, circulators and imaging
equipment.
European Commission sources
say that a widened Ecodesign
rule will be the core of the
Sustainable Product
Policy Initiative.
Exactly
how this
will be done
remains to be seen.
A forthcoming inception
impact assessment will provide
more information about aspects
such as reusability and repairability
requirements, as well as solicit feedback
from stakeholders and citizens. A further
public consultation is also planned later
this year, after which a detailed proposal
is promised.

ONE FOR ALL?
Although it praised the idea of expanding
Ecodesign, calling it a ‘very positive
proposal’, ECOS added that enforcing
the rules will require developing more
methods and standards “across a
range of products” covering a number
of aspects. For example, it suggests

product-specific metrics for durability,
upgradeability, reuse, remanufacture
and repairability. (As to that latter point
it references BS EN 45554, ‘General
methods for the assessment of the
ability to repair, reuse and upgrade
energy-related products’).
That might be a problem, particularly
given the short timeframes expected.
Although another 2020 report – this one
from the European Court of Auditors
(www.is.gd/ga3WMf) -- was generally
positive about Ecodesign, it found that
one drawback of the scheme is in its
slowness in creating product-specific
regulations, which it described as a
‘lengthy’ process. While the EC admits
that such rules take three and a half
years, the study found that the process
took even longer, nearly twice as long,
as far as three target products went
(electronic displays, refrigerators and
heaters).
In some cases, it points out, the pace
of technological change had overtaken
product regulation, rendering the rules
pointless. For example, minimum energy
efficiency requirements of some types of
product have become obsolete, so most
or all product models in those types have
been in the top three energy classes.
It concludes: “When the Commission
adopts implementing measures, the
timeliness of the regulatory process is a
key factor in policy success.”

Case study: reman drive systems
Next year, Rolls-Royce subsidiary MTU will complete
a four-year contract to remanufacture some 400
rail PowerPacks (drive systems) for German rail operator Transdev, bringing to an end
what was one of MTU’s biggest-ever remanufacture orders.
According to the company, standardised processes are used to dismantle and clean the MTU
PowerPacks and then to test and re-build them using remanufactured components or brand new parts.
Product improvements are automatically included. Also, the process is entirely anonymous; that is, the
customer does not necessarily get the same PowerPack back as it handed in for refurbishment. But in
any case, they are supplied ‘as-new’.
Transdev Group uses the MTU Series 183 and 1800 PowerPacks in its Alstom Lint and Bombardier
Talent vehicles. So far, MTU has overhauled over 1,100 rail PowerPacks using the Reman process.
Railcars fitted with MTU Reman PowerPacks are currently in service in Germany, the UK, Denmark,
Romania and Canada.
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Carbon copy
F1 and aerospace engineering firm Penso has developed a way to mass-produce carbon fibre-based
products, and has accumulated 350 patents along the way. It is now applying it to an area of particular
national interest during lockdown: supermarket delivery vehicle bodies

P

enso managing director Daniel
Hurcombe, speaking in a virtual
press conference in May,
explained the context for the
innovation. “Throughout our many years
of manufacturing with carbon fibre, one of
the key statements coming from almost
every customer, whether it’s automotive
or rail defence or aerospace, is: ‘we can’t
afford it; it’s too expensive a material’.
Over the last 10 years, we have spent
millions of pounds and hundreds of
thousands of worker hours to develop an
affordable solution to make it adoptable
and affordable for the wider market.
“Carbon fibre has its own key benefits
when it comes to lightweighting, but
making

10

the business equation start is something
that we’ve been very focused on. When
we look at raw material costs, there are
different grades of carbon fibre. Some of
the aerospace grades, particularly for the
military, have an eye-wateringly expensive
price per kilogramme. But we’ve also got
industrial grades that are significantly
cheaper, but use exactly the same fibres.”
According to the company, industrial
carbon fibre costs 10 times as much as
aluminium alloy and 2.5 times as much as
glass-reinforced plastic by weight, but wellengineered carbon fibre structures weigh
half as much, the company claims.
Ten years ago, the company used
carbon fibre to make the company’s
lightest and stiffest-ever frame for a
‘hypercar’, but at a very high price.
Through a big R&D process, it was able to
move to using the material in a mediumvolume sportscar to save 120kg of weight
at a much more competitive price.
Doing so required it to change not
only the materials but also the methods
of manufacture. As its name implies,

carbon fibre is drawn into a kind of
thread that can be woven or wound
around a substrate. Sheets of these are
draped over a mould and a resin such
as epoxy added, and then placed inside
a vacuum to cure. Instead of using an
autoclave (pressurised oven) to do that,
which can take hours to treat a piece
and is expensive to switch on and off, it
has developed an alternative fabrication
method that takes only minutes. This
involves wrapping a PTFE plastic sheet
(recycled from milk bottles) with carbon
fibre that is pre-impregnated with resin.
It is wrapped in the direction needed for
strength, and then formed into panels
using a press and heated cure dies; they
are said to have a 10-year life.
Then robots assemble the body
panels in a process that takes just 42
minutes, compared to days or weeks
of manual assembly. (Other processes,
such as trimming, do require manual
labour). Penso did not develop this body
construction methodology, but rather
adapted the method developed by BMW
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AUTOMOTIVE COMPOSITES

for making its composite-frame i3 and
i8 cars. But Hurcombe adds: “We don’t
believe anyone in the world is doing vans.”
The Penso structure is bonded
rather than bolted, which cuts down on
weight. And because adhesive is applied
in controlled quantities by robots in a
repeatable method, it can be shown to be
safe.
Having designed a manufacturing
process, Penso looked at applying it to
home delivery. From market research,
the company established five aspects of
customer demand: efficiency, which means
completing deliveries in as little time as
possible; futureproofing, which means
being able to fit the bodies to electric
vehicles; durability, because the vehicle
lasts a long time; safety, to protect the
van, driver, and load; and profitability, in
terms of total cost of ownership. These
were the principles used to define the
product engineering approach.
A starting point was the carrier vehicle.
Since the company already has an
operation producing the Mercedes-Benz
Vito taxicab, it chose a low-floor frontwheel-drive medium-wheelbase vehicle.
The low-floor version enabled the top shelf
of the body to be accessible by 90% of the
UK male population and 50% of the female
population (above 5ft4in) without a step –
because customer discussions revealed
that steps add a few minutes to every
delivery, and increased the risk of injuries.
The insulating walls are made of a
type of press-core polyethylene foam that
the company already uses in its London
Underground train doors, which have held
up well to durability testing, according to
Penso. Later tests later showed they met
thermal insulation requirements.
Light commercial vehicles used for
supermarket deliveries are limited by law
to 3.5t gross vehicle weight. The weight
of the Mercedes-Benz vehicle frame is
about 1,800kg. Using carbon fibre, Penso
was able to make a body, the e-Grocery
pod (pictured, left), that weighs about
300kg, and therefore provides a payload
of 1,250kg. That’s 450kg more than
the heaviest competitor, providing more
capacity for groceries and better fuel
consumption. Its capacity is 140 totes: 72
ambient, 45 chilled and 23 frozen, which
may amount to 17 more than a competitor.
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Weight isn’t the only consumer of fuel;
so is drag. Penso technical director David
Roche says that one of the key objective
was to maintain the frontal area of the
base vehicle to try to get the payload
behind the cab as neatly as possible. That
provides enormous gains in drag, which
translate directly to improve fuel economy.
To develop the best profile, it used
advanced airflow simulation techniques,
computational fluid dynamics, normally
used in Formula 1 but less familiar in
the commercial vehicle world. He adds:
“The base Sprinter has spent quite a
lot of time in wind tunnels improving its
aerodynamics; an ordinary delivery van
doesn’t respect that shape.” Projections
outside of the cab envelope, which are
common on these vehicles, whose boxy
bodies tend to create aerodynamic losses,
the CFD simulation showed. In contrast, at
Penso, “we’ve managed to hide everything
behind the cab.”

competitor, the company claims: so it wins
a tick in the ‘efficiency’ box.
In terms of future-proofing, the vehicle’s
front-wheel drive engine and fuel tank
can be replaced with a battery-electric
drivetrain; however, its weight advantage
will just about make up for the increase in
weight of the vehicle batteries, says Penso.
As far as durability goes, Hurcombe
refers to testing on the Underground door:
“We’ve shown how plastic replacing metal
can be as strong and last as long.”
The first vans were delivered in May,
and series production began in July.
Penso’s plan is to ramp up to 10,000
units/year in the next few years at its
12,000m2 factory in Coventry.
When asked about the potential of the
process in other applications, Hurcombe
responds by outlining the bigger picture.
He says: “Over the past few years in
automotive, everything has been at a
mega- and giga-scale. From our side, as

Parts are made automatically
Aerodynamic engineering was also
carried out inside the vehicle, to design
the interior to cool down the food in the
shortest possible way. Making sure that
groceries are at the same temperature
enables the refrigeration unit to work as
efficiently as possible.
The first prototypes were finished
early last year. Third-party testing at
the Millbrook Proving Ground resulted
in 36mpg with maximum weight and
chillers full on, and a duty-cycle average of
34.91mpg. Penso’s own real-world testing
in and around Coventry compared to an
actual supermarket vehicle saw urban
fuel economy of 32mpg, or 34 urban and
extra-urban. That translates to an annual
fuel saving of £2,400 compared to a

a small, privately-funded business, we
needed to look at how to grow, how to
deliver cost and manufacturing model to
meet low to medium volumes: 20-30,000
units per year. As part of that, we had
a concept of a mini-factory, producing
10,000 units in a small footprint that’s
flexible: a robot line [pictured above]. While
today it’s van bodies, the same principle
could be cars or pods. It’s a construction
methodology and build process. There
are lots of applications of this technology;
we’re not just focusing on commercial
vehicles. Mainstream automotive is entire
body structures. If a structure needs to
be lighter and has a transport application,
I can see a way that we can apply this
technology to it.”
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Low carbon
Currently produced for high-budget hypercars, carbon-fibre wheels have been
too expensive for other types of mass-market vehicle. A publicly-funded wheel
lightweighting project aims to bring them to electric vehicles

A

s a rule of thumb, reducing
the rotating mass on a vehicle
is worth twice that of a static
component; one kilogramme
taken from a wheel is equivalent to twice
that in the chassis. This is because of
the effect of the body’s mass on the
inertia of the vehicle as it accelerates
or decelerates. Less inertia means less
resistance to those changes, which
makes a vehicle more responsive; it also
reduces the amount of energy required
of the powertrain to overcome that
inertia, according to Ed Allnutt, managing
director of composite engineering and
manufacturing firm Carbon ThreeSixty.
Hence, lightweighting is important
at either extreme of the automotive
performance spectrum: for sportscars,
which have huge power to weight ratios,
and also for new generations of electric
vehicles, which might have very small
ratios.
For a decade or more, lightweight
composite wheels have been available
for high-end vehicles, almost exclusively
supercars and hypercars, from brands like

The team: from left, Ed Allnutt, Bitrez sales
manager Dominic Hopwood and Far-UK MD
Kevin Lindsey

12

Carbon Revolution, Dymag and Mubea
Carbo Tech but cost thousands each,
says Allnutt. That’s partly because of
functional requirements, such as large
air gaps help dissipate heat from highperformance brakes, and the aesthetic
requirement to look impressive bring with
them compromises in design and cost.
Adds Allnutt: “For a niche small-volume
electric vehicle manufacturer, that
product doesn’t give them an economic
advantage; we thought, let’s design
a product that does. A light wheel for
electric vehicles that are stopping and
starting often, such as a last-mile delivery
van or a city car, will make a noticeable
difference to the efficiency of the vehicle.”
As part of the ACRIM project (‘all
composite reduced-inertia modular
wheel’), Carbon ThreeSixty led a
consortium with composite R&D company
Far-UK and Bitrez, a designer and
manufacturer of chemicals and resins,
to design a proof-of-concept for this
application. Project R&D activities were
supported through a grant provided by the
Niche Vehicle Network.
“What we’re interested in is making
the lightest wheel that we can with a
sensible budget.” Starting from such a
different place than the hypercar, takes
the designers to a different destination.
Observes Allnutt: “It looks plain; more
like a traditional trailer or steel wheel.
It’s very simple, because with simplicity
you get better cost-efficiency. These
wheels are much flatter, with a disc in
the centre, and are more aerodynamic.
Typically EVs don’t have to deal with
heat generation from mechanical
braking systems; they use regenerative

braking.” Such a form factor can allow
the company to provide a cost per wheel
of almost a tenth of the hypercar wheel:
£250 rather than £2,000, based on a
volume of 4,000 wheels per year.
“By challenging the way that they are
made, we are making a step change in
cost, to make them more available in
the larger market.” Part of the reason
why composite wheels are so expensive
is because of the tooling required, he
says. “One limit of composite wheels at
the moment is a full set of tooling per
wheel. If I had five spokes of the same
size, but wanted seven, I’d have to retool
the product. What we decided to do is
manufacture in a modular way. It greatly
reduces tooling. A big part of the proof of
concept is to demonstrate that we could
make the centre and outer parts of the
wheel effectively separately, and then
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co-mould or ‘overmould’ them together.
That’s really where the innovation of the
product is. By overmoulding the centre
to the outer, we are able to keep tooling
costs down, and are more flexible for
the needs of vehicle-builder, and create
multiple stylings for a given wheel
diameter.”
This design is possible because it
exploits the laminated layers that are
a fundamental part of composite
parts. A forged billet of aluminium
alloy, for example, is an
isotropic material; the only
way to change its performance
is to change its geometry,
usually through metalcutting. The great design
freedom of composites is

Automated
tailored fibre
placement
machine

He adds: “What we’ve done is
to better understand inter-laminate
strength, the geometry in physically
locking them together. We now can cure
two component parts together and they
perform as one component.”
Another advantage of composites is
their greater fatigue strength compared
to isotropic materials like metal. That
is down to the micro-mechanics of fibrereinforced materials. Although reluctant
to make a generalisation, when
pushed he says that the wheel
should last twice as long,
provided it is well cared for.
Allnutt states: “Effectively,
it will never fatigue; it will
be something else that
causes it to fail, such as
crack propagation due to
an impact event.” And
their eventual failure,
although final, need not
be catastrophic, he points
out, but controlled. Before
then, non-destructive means
of inspecting the wheels,
such as stiffness checks,
need to be developed to make
sure of their integrity.

PRODUCTIONISATION

the ability to tailor performance by the
orientation, position and quantity of fibre.
This is particularly useful in wheels, which
face multiple forces, says Allnutt. “With
composites, if I wanted increased hoop
stiffness, I can orient the fibre in one
way; if I wanted bending stiffness, I would
orient the fibre in another way. Geometry
and material properties are linked.”
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Having developed a proof-of-concept, the
next step has been to productionise it;
and that means overcoming a significant
composite material production cost:
process time. “Traditional composite
processes are labour-intensive. For us,
production readiness increases the use of
automation and in-process quality checks.
That then focuses on reducing time.”
Two particular production technologies
are helping the company cut cycle times.
First is its resin transfer moulding process.
Many composite tasks involve applying
a two-part resin, and then putting on

reinforcement, such as carbon fibre. RTM
turns that process on its head; it starts
with a dry material loaded into a mould,
and then removes the air in the mould with
a vacuum pump. Then technicians attach
a machine that mixes and injects the resin
at relatively low pressures of up to 50bar,
creating an approximate 50:50 mix of
resin and reinforcement. Then they heat
the mould to cure the mix.
According to the MD, this process
reduces waste compared to wet layup
by precision-injecting resin, reusing the
tooling and allows the freedom of mixing
and matching different reinforcements
(such as glass fibre, Kevlar, basaltderived fibre, jute or hemp), with
resin. The chemistry of the latter has
flourished and has become extremely
varied. Resins are defined by their glass
transition temperature, that at which their
performance changes markedly. Fiveminute epoxies, for example, are only
50-60°. But Carbon ThreeSixty treats its
wheels to a 200° post-cure to increase
their heat resistance.
The second technology is tailored fibre
placement. After testing at the National
Composite Centre, the company bought
a cell in January that can stitch together
individual tows or rovings (continuous
bundles) of fibre in any orientation on
a backing sheet. Allnutt explains: “We
are able to make shapes that wouldn’t
be easily cut out of fabric. In wheels,
there are lots of hoop structures. In two
dimensions, that means lots of rings of
continuous fibre. It’s not possible to do
that with a roll of fabric. This creates much
more efficient structures, and much more
efficient use of material.” Netting software
is used to create a 3D shape in two
dimensions. “There is lots of unwrapping
and dealing with how the material
drapes. There are some really impressive
geometries that can be achieved.”
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ROUND-UP

CARBON
REVOLUTION
ROLLS ON
Australian wheel manufacturer
Carbon Revolution said in February
that it was commissioning
additional manufacturing
equipment, and aims to continue
enhancing its production facility to
drive further efficiencies.
In November 2019, the
company announced a deal that
sees it enter the SUV market.
The company has signed a
contract to supply one-piece
carbon fibre wheels specifically
for an SUV of a global automotive
company (which cannot be named
due to commercial confidentiality
until release of the vehicle).
Of the deal, Carbon
Revolution CEO Jake Dingle
observed: “SUVs represent a
very important new segment
of the market for Carbon
Revolution, broadening our
horizons as we build the
business.
“The new contract proves
the flexibility of our technology
and engineering expertise,
demonstrating its versatility to
improve the performance and
efficiency of SUV and truck
platforms.”
In August, the company
received a Commonwealth
Government grant to design carbon
fibre wheels for the Australian
Defence Force.
Continues Dingle: “With this
new programme, we now have nine
OEM programmes and are seeing
manufacturing efficiency and
precision benefits from the recent
process and equipment upgrades
at our Waurn Ponds (Victoria)
factory.”
Other recent products include
a 20-inch wheel for the 2020
Shelby GT500 Ford Mustang,
manufactured on the new
industrialised high-pressure
moulding line in the recently
expanded factory in Victoria,
Australia.
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First car wheel for thyssenkrupp
Later this year, thyssenkrupp Carbon Components
is launching its first full-fibre retrofit car wheel,
homologated with German national type approval
by TÜV. This design, pictured below, was
launched at the 2019 Essen
Motor Show, and consists
of a forged aluminium
spoke star attached to a
carbon-fibre rim using a
screw connection. Sizes are
9.0Jx20” and 10.5Jx20”.
The company already
produces OEM car wheels,
and has won awards for
its Porsche 911 Turbo S
Exclusive Series, including ‘most innovative use
of plastics’ award in the Society of Plastics
Engineers structural components category
announced in May 2020. That wheel, which
does not appear to use aluminium for the
central spoke, requires 18km of
carbon fibre.
In addition, it has produced
motorcycle wheels since 2018,
and recently announced that it has
received US DOT E certification as
well as Japanese JWL certification,
on top of the German type

approval received in 2019, and as a result has
launched sales in the USA and Japan. Carbon
rims are available for five models of Suzuki
motorcycles, for example.
CEO Dr Jens Werner says:
“Being the first and only
manufacturer in the world that
has successfully homologated
its carbon wheels to ABE, JWL
and DOT E standards proves
our point. The foundation
is undoubtedly laid by
our unique
development
and production
processes, first
and foremost
the patented
braiding
technology.”
Carbon rim manufacture is automated, using
what is said to be the largest radial braiding
system in the world (9m diameter), creating a
seamless braid. This circular machine resembles
a bicycle wheel, with tens of carbon-fibre spools
mounted inside the rim, feeding part production
in the centre. Based in Kesselsdorf near Dresden,
the company was founded in 2012.

Carbon fibre factory ramps up
McLaren Automotive’s £50m carbon fibre
production facility at the Advanced Manufacturing
Park in Sheffield is expected to reach full
operational capacity in mid-2020.
Opened by The Duke and Duchess of
Cambridge in late 2018, the facility is aiming
to help it innovate lightweight carbon fibre and
composites that will work together with future
powertrain development to save weight and
produce greater energy efficiencies.
In 2018, prototyping began to develop the
next generation of lightweight carbon fibre tubs
that are integral to the agility and performance
of its sportscars and supercars. The process
starts from the cutting of the carbon fibre
cloth, to the forming, pressing, machining
and measuring of the final tub.
After completing trial tubs in 2019
and once fully operational, the MCTC will
create over 200 direct jobs and produce
carbon fibre tubs that will be sent to the
McLaren Production
Centre (MPC) in
Woking, Surrey, for hand

assembly into cars, over 90% of which are then
exported to markets worldwide.
The in-sourcing of the manufacture of the
carbon fibre chassis also increases the average
percentage (by value) of a McLaren car sourced
in the UK by around 8% from its current average
of around 50%, depending on model.
Carbon fibre has long been a part of
McLaren’s DNA, the company having introduced
the very first carbon fibre chassis into Formula
1 in 1981. Carbon fibre’s innate strength and
lightweight properties mean that the company
has never made a race car, sportscar or
supercar without it since, it says.
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AUTOMOTIVE COMPOSITES

So far, composites have been
seen as an alternative to a
conventional steel automotive
carbody. But a manufacturing
R&D project has researched ways
to join them together, to increase
the use of the lightweight
material in mass-market vehicles

Special techniques are required to join
composites with sheet steel

Opposites attract

A

major £30 million Innovate
UK-funded lightweighting
project with Jaguar Land
Rover, Tucana, is looking to
introduce large composite
materials in automotive vehicles. The
project brief reads: “The global automotive
industry continues to face significant
challenges in meeting the future needs
of the mobility sector, such as improved
fuel efficiency, reduced emissions,
electrification of powertrain, autonomous
driving and connectivity. One of the biggest
opportunities in rising to these challenges
comes through the selection of the right
materials in the right places within the
vehicle. This multi-material approach,
giving the design engineers the freedom
to select the most appropriate material for
a particular component, is expected to be
a major feature of automotive design in
the future. CFRP [carbon-fibre reinforced
plastic] will play a significant part in that
material selection, due to its benefits of
high strength and stiffness, but with a
much lower weight factor than alternative
materials.”
Not only has CFRP been seen as
generally too expensive, but also provides
‘added complications’ with integration.
That means that composite sections will
need to connect to conventional frame
materials, such as steel.
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But because of their constituent
materials and their production processes,
a completely different approach to
fastening is required than metallic
materials. Welding is out, for example,
because the high temperatures would set
the material alight. Carbon fibre bears
forces differently in different directions,
and can be vulnerable to tearing.
According to R&D organisation
Warwick Manufacturing Group, uptake of
composites in the medium to high volume
automotive manufacturing sector has
been restricted by the challenge of joining
composites to metals in a body-shop
environment. It was involved in a recentlycompleted collaborative industry project
called LightJoin to collect and compile data
about fastening methods.
WMG conducted a detailed analysis
of joining techniques using in excess
of 1,000 individual test samples and
explored joint performance, durability, lifecycle and ease of manufacture. The project
compared and tested joining technologies.
One technology is self-piercing rivets,
which are commonly used in mixed-metals
assembly, don’t require pre-drilling and
which capture the punched slug from the
sheets in the hollow rivet cavity. Another
is blind rivets, which fasten two materials
by using a mandrel to deform a weakened
‘neck’ cylinder into a flange on the far side
of a pre-drilled hole. A third was adhesives.
To store and present the data, IT
firm Ansys Granta created an innovative
collaborative database to help inform
the joining of materials. The LightJoin
database includes a selection tool, which
responds to a user’s specification around

a set of joint properties and fastening
mechanisms by presenting material and
joint data to show suitable options when
looking to join a composite with a metal.
Donna Dykeman, programme manager
at Ansys Granta says: “An important
aspect of the LightJoin project was that
the supply chain for polymer composites
in the automotive sector was represented
(material producers, design/testing/
simulation experts, Tier 1 suppliers,
OEMs). This variety highlighted what
is critical for decision-making in joint
selection, design and manufacturing to
achieve high volume targets.”
In order to produce a database offering
these joining solutions, the expertise
of individual consortium members was
leveraged. This included Scott Bader’s
experience in joining multi materials with
adhesives, Stadco’s consideration of
risks and steps for applying large scale
joining and composites manufacture to
industry, and Gestamp’s development
of a demonstrator jig in partnership
with FAR-UK as they looked to expand
expertise from metals to composites and
understand the joining implications.
The test joining cell developed
by Gestamp and FAR was used to
manufacture a lightweight chassis frame.
The original steel structure (3,248g) was
replaced with a carbon fibre reinforced
polymer (composite) structure using
guidance from the LightJoin database, and
saw weight reductions of 50%.
David Goodwin, engineering manager at
FAR-UK, said: “The project built upon our
expertise with analysis led design of lightweight structures, so was a perfect fit.”
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On rails
Composites are not just for cars. Two projects have
shown the material’s potential for rail structures

E

LG Carbon Fibre has developed
an industrial-scale process to
recycle carbon fibre, and has
recently participated in an R&D
project aiming at developing a part
made of the lightweight material. The
chosen part, a 4m by 2m railway bogie,
is not only structural, it is also used in a
traditional and conservative industry.
The company argues that its recycled
product can help fill the gap between
increasing demand for carbon fibre, such
as for mass-market products, and a
limited supply chain. It costs 30-40% less
than virgin carbon fibre, and is produced
using only 10% of the energy, claims
the firm. The company currently has a
production capacity of 1,500t/year of
recovered carbon fibres via pyrolysis.
The first step is running the recycled
material, whether that is pre-consumer
manufacturing waste such as dry
material, uncured impregnated fabric,
cured laminates or post-consumer
end-of-life materials, into a shredder,
which breaks down the materials into
small pieces. That shredded waste then
goes into a modified furnace where the
process of pyrolysis degrades the resin,
leaving behind recovered carbon fibre.
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While it may not have all of the rigidity
of long or continuous fibre, even when
shredded to 15-150mm lengths, carbon
fibre can still provide mechanical benefits
for interior or semi-structural parts,
contends product development engineer
Camille Seurat. Longer fibres are made
into a non-woven mat for the composites
industry (branded Carbiso M and TM);
shorter fibres are chopped (Carbiso
C and CT) and milled (Carbiso MF) for
compounding or injection moulding.

RAIL
The company jumped at the chance to
work with the rail industry when project
funding came up from the Rail Safety
and Standards Board (RSSB), given how
rarely-used the material is in that sector.
Explains Seurat: “Many people are a bit
reluctant to start using composites in
this industry. It’s a new material, and still
needs to be qualified, which takes time
and money as well. It is seen as taking a
risk, moving from a material [steel] that
is very well-known and that we trust, to a
still-very-new material.”
However, guided by consortium
partner Alstom, and working alongside
Magma, University

of Birmingham and the University of
Huddersfield, the focus of the CaFiBo
project settled on a Class 180 train
bogie, as the material could save half of
the weight of the equivalent steel bogie
(its final weight was 715kg), reduce
transverse loading by 40%, and provide
integrated condition monitoring for its
operational lifetime.
For the bogie, ELG provided a nonwoven mat, pre-impregnated with epoxy
resins, chosen for their well-understood
properties and durability. In addition,
unidirectional virgin carbon fibre was
added, especially in locations with higher
loads, such as the wheel arches. (The
final part consisted of 50% recycled,
and 50% virgin, material). Incorporating
used material not only saved money, but
presented higher stiffness than glass,
and can be easily be manufactured into
thick sections, according to Seurat.
For ease of design and manufacture,
the bogie was split down the middle, and
then into top and bottom sections. Each
was cured separately in an autoclave and
bonded together.
The bogie had to offer the same
interfaces to the train and all of the
other components found on the steel
Class 180 part, such as brakes. Those
requirements, some of whose positions
were critical and tolerances tight, led to
design compromises in shape and fittings
that were not ideal. Seurat comments:
“We would like to go further to optimise
the design and have some parts or
fittings incorporated into the composite
bogie.”
The project recently moved into a
new phase, with the shipment of the
completed unit to partner University of
Huddersfield for testing at its full-size
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‘Harold’ roller rig. While previous FEA
(finite element analysis) allowed the
design to be theoretically validated,
this will determine in practice whether
it can actually meet all of the structural
requirements, or if improvements are
needed. The bogie’s performance will
be monitored by optical fibre strain and
temperature sensors that were bonded
to the structure when it was built; in fact,

this was the role of consortium partner
the University of Birmingham’s sensors
and composites group.
The material testing done so far by
the consortium has been promising, but
mostly small-scale. For example, material
coupons subjected to fatigue testing at
Oxford Brookes University still offered
50% of ultimate strength after 10 million
cycles. That performance is said to be
about the same as virgin carbon fibre
and better than steel. Also, the material

was shown to be fire retardant at the
highest-hazard level (HL3) of
EN 45545-2.
Initial testing also helped produce
a material data card for finite element
analysis of the structural design,
which consortium partner Magma
Structures iterated several times to
optimise the amount of reinforcing.
This process is expected to take a few
months, after which the hope is to build a
few bogies and have them track-tested on
a real carbody, which would be another
step required for rail qualification.
“We want to prove that carbon fibre
has a place in the rail industry, in that
kind of a structural application. We
also want to prove that by using carbon
fibre you have many benefits, including
reduced weight, which creates savings
on track maintenance, and other
environmental benefits as well,” Seurat
concludes.

LIGHT RAIL SPACE FRAME
The UK’s Brainstorm project won gold in the railway vehicles and infrastructure
section of the 2020 innovation awards held by composites event JEC
World. The collaborative project, funded by Innovate UK, has demonstrated
production of a very light rail frame (suitable for trams) using a composite
structure.
“The cities that we live in are changing rapidly.
Populations are growing and at the same time most
cities are trying to reduce the number of private car
journeys that people make. The result is pressure to
install more public or shared transport and to innovate
public transport to make it more suitable for the cities
of the future,” says participant FAR Group.
It said that the project used an analysis-lead
design methodology to apply customer requirements
to a create an effective solution. The rail industry’s demands
were summarised as the 4Cs: reduce cost and carbon emissions, and improve
capacity and customer satisfaction.
The lighter body allows operators to optimise passenger density within a
vehicle, while minimising the energy required for propulsion. This also means
lower line building costs due to the reduced weight loading on infrastructure,
FAR says.
The project saw braided carbon fibres fixed with a thermoplastic polymer
fashioned into tubes which together form strong structural vehicle frames.
FAR adds that the beams are all the same outside diameter, but the
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wall thickness is
tailored to give
the optimum cost/
weight and performance balance. This keeps the tooling and
joining costs low, as the parts are standardised. It also enables the design
to be very modular, allowing quick repair and
replacement of individual parts. This modularity
enables the technology to stretch across a range
of vehicle sizes from pods to monorail carriages.
It also enables one system to contain carriages
of different capacity for different lines without
escalating set up costs exponentially.
Steve Barbour, MD of partner firm Composite
Braiding, says: “Braiding at rates of over a mile a
day, we have a highly automated process that is
capable of producing high volume, lower-cost structural components.”
Paul Salkeld, head of design of partner TDI adds: “The braiding method
can be used with a wide range of materials including carbon, glass, basalt and
aramid. We hope this can revolutionise the design of future transport, and are
actively involved particularly in the rail sector to produce more economical and
environmentally beneficial vehicles.”
Another project partner was Warwick Manufacturing Group. Associate
professor Darren Hughes, pictured above right, examines the part with FAR
director Lyndon Sanders.
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A short history of

CARBON FIBRE
Graham Rood, curator of the Farnborough Air Sciences Trust, explains how the site was
responsible for much of the development of carbon fibre when it was run by state-owned
aerospace R&D organisation Royal Aircraft Establishment

R

oyal Aircraft Establishment’s
on the nature of the deposited graphite,
metallurgy department in
and of the relationship between its crystal
the 1950s was not only
structure and its properties.
concerned with aircraft
By 1960 there was a growing
materials such as steels
awareness of the need for lighter,
and aluminium alloys; one team was
stronger and stiffer materials for aircraft
researching materials for use at
construction. Reducing the weight
high temperatures. One member
of the airframe would allow
of this team, a chemist called
bigger payloads of weapons or
Bill Watt, led investigations
equipment for military aircraft,
into improved carbons and
or more passengers for civil
graphites for uncooled rocket
aircraft.
nozzles and the heat shields
Watt was well aware that, in
of ballistic missiles. His
principle, low-density fibres were
interest in graphite was not
attractive for reinforcing plastics,
only because of its high melting
but those that were available were
point but because of its surprisingly
either too expensive to process or
Bill Watt
low rate of dimensional change
too short in length. Glass had been
in rocket motor simulation tests.
commercially produced as long fibres
Joined by a younger chemist, Bill Johnson,
since World War 2, but its density was
their experiments accumulated
much the same as aluminium alloys.
considerable
Watt knew that graphite was significantly
knowledge
lighter than aluminium and, from work
elsewhere, that the properties of very
tiny single crystals of graphite
were highly directional:
the stiffness
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parallel to the basal plane of the crystal
was some 30 times greater than that at
right angles to the basal plane.
So he reasoned that he must find a
way of making crystalline carbon fibre with
the orientation of the basal plane parallel
to the fibre axis. He decided that the best
approach was to carbonise commerciallyavailable organic fibres. This led Watt and
Johnson to conduct the first experiments
that led to the invention of carbon fibre.
The conundrum was finding the best
starting fibre from the multiplicity that
were commercially available, particularly
the synthetic fibres being produced for the
textile market.
Leslie Phillips, a research chemist
in RAE’s plastics technology section,
suggested the textile fibre Orlon. Made by
DuPont, it was chemically known as PAN,
polyacrylonitrile, a compound of carbon,
nitrogen and hydrogen. It was known that,
when heated in air, this material oxidised
to give a high yield of carbon without
melting. Watt and Johnson used the
British equivalent marketed by Courtaulds
under the trade name Courtelle.
They soon found that heating this white
acrylic fibre was not simply a question
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of heating it until it turned black. Careful
the RAE fibres were compatible with both
Phillips developed and patented several
experiments showed that the highest
polyester and epoxy resins. So, the way
aspects of weaving carbon fibre fabrics for
properties were obtained by a staged
was now open to realising light, strong,
the moulding of composites, and showed
heat treatment. The important first
stiff reinforced plastics potentially
the importance of surface treating the
stage was controlled heating in
suitable for aerospace structures.
carbon fibre to improve the toughness of
air at 220°C to oxidise the PAN
By 1964, enough work was
composites.
fibre. But because the PAN
done to show the inventors that
RAE’s structures department became
fibre had been stretched at
they had a winner. A provisional
involved in the design and prototype
a lower temperature – about
patent was taken out and this
manufacture of small components for
100° – during its manufacture,
led to full patent in 1968. At
airworthiness trials, and subsequently in
heating to 220°C caused it
first, RAE produced only a few
a wide range of other activities needed to
to shrink. It was all-important
kilogrammes of short carbon fibre,
qualify the material for service. The civil
to apply tension to the fibre to
in batches of about 75g. The initial
airframe industry met the challenge of
Bill Johnson batch process was then developed
overcome this shrinkage, and
carbon fibre composites more cautiously
even to stretch it a little.
into a continuous fibre process, firstly
than the engine industry. Rolls-Royce
This treatment stabilised the fibre
on a laboratory scale within RAE, then on
attempted in 1971 to introduce a massive
structure, and provided the framework for
a pilot scale in Atomic Energy Research
carbon fibre composite fan blade, in
the oriented graphite-type structure that
Establishment Harwell, and eventually on
a very tight development time scale,
was developed during the next carbonising
a production scale at Courtaulds.
which failed because of its inadequate
stages at much higher temperatures in
As more carbon fibre became
resistance to bird impact.
the absence of air, usually nitrogen or
available, RAE research
So, encouraged strongly
argon. It was found that the fibre strength
escalated, and industry interest
by Leslie Phillips, the first
increased up to about 1,500°C heat
grew. Other RAE materials
applications were mainly in
treatment and then decreased somewhat,
scientists became involved
sports goods, such as racing
but the stiffness rose progressively to
in evaluating the resistance
car bodies (notably Formula
about 2,500°C. So, the final temperature
of carbon fibre composites
1), kayaks, canoes, tennis
of heat treatment could be selected to
to fatigue and impact, and
racquets, fishing rods, golf club
give the desired combination of strength
to compression, particularly
shafts. Just as for aerospace, the
and stiffness.
after exposure to warm/wet
attraction was lightness combined
Watt and Johnson were not converting
environments that might affect the
Leslie Phillips with strength and stiffness.
single PAN fibres into carbon fibre but,
bond between fibre and resin. Watt
Today, the three main areas
to begin with, the inventors processed
and Johnson continued to refine and
of application of carbon fibre reinforced
bundles of several hundred PAN fibres.
understand the carbon fibre process, and
plastics, CFRP, are aerospace, sports
Commercially, the bundles are called
were joined by a young graduate, Roger
goods and general industry. Starting
tows, typically each containing between
Moreton, who showed that fibre strengths
with aeroplanes, composites have
3,000 and 12,000 fibres. In order to
were improved by using cleaner PAN fibre,
gained ground because of their light
be useful, the carbon fibres must be
thereby much reducing the impurities
weight, high strength and fatigue and
surrounded with a continuous resin matrix
that caused defects in the carbon fibre.
corrosion resistance, and the ability
that allows load transfer to and between
to use manufacturing processes that
the fibres. Leslie Phillips
can produce integrated structures with
showed that
reduced part count and with reduced
assembly time. CFRP has proved to
be a satisfactory material for the
primary structural parts such as the
tail structure, wings and fuselage
of advanced military (fighter/bomber)
aircraft, and of light aircraft and small
passenger jet aircraft. This operating
experience encouraged the makers of
large passenger jets to introduce it, firstly
for the tail structure but more recently
for the wings of civil aircraft; such as the
Airbus A380, and the wings and fuselage
of the Boeing 787 Dreamliner now in
service (pictured), making up 50% of total
materials used by weight.
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COMPOSITES

Cars and
COVID-19
The Global Innovation Forum’s ‘What Next’ virtual conference
series in June (since posted on Youtube) featured conversations
with a number of designers. This is an edited and abbreviated
version of the conversation between Cambridge Innovation
Partnership director of design and front-end innovation Ben
Strutt and decorated sportscar designer Frank Stephenson, who
has contributed to designs for brands Mini, Ferrari, McLaren, Fiat,
Maserati, Lancia and Alfa Romeo over the last three decades

B

en Strutt (BS): Do you think our
relationship with the car or car
experience will change as a result
of the COVID-19 crisis?
Frank Stephenson (FS): “To go back,
we’re all noticing the shrinking of our daily
circle of movement. Typically we don’t
think twice about popping in the car to
go anywhere, be it the closest town or
anywhere further than walking. Now it’s
amazing to feel we’re in the
1700s or earlier. As soon as
we get out of this crisis we’re
facing at the moment, we’ll
be looking at the results of
what we’ve gone through as a
stimulus. Public transportation
[will need to include] avoidance
of social contact to actually
protect ourselves. We’ll have
to realise that there is a need
to make sure that the form of
travel is healthy. That’s going to be a
new responsibility, a new thing that we
as designers are going to have to tackle.
Because I think one of the top priorities in
design is to consider safety. For one thing,
UI, you know, user experience, designers
will start coming into more usage, I guess,
to see how to efficiently and happily
travellers [can get] on and off and on their
journeys. When you’re designing public
transport, you don’t want people feeling
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like going into a dangerous zone that can
physically or mentally hurt them.
BS: “You’re a big advocate of blending of
art and science and nature. Could you talk
a bit more about those philosophies and
how they influence your work?
FS: “As designers, we’re trying to look
for the next new thing to create the ‘wow’
factor when you see something for the
first time. But the fact is
we as designers have a
responsibility to go into it
so deep, that it not just
not only just looks better,
but actually brings a huge
advantage to what we’re
working on to the market.
So, oftentimes we look
at industrial products
as being industrially
designed, and that is the
solution. But that really
isn’t soul satisfying - it doesn’t really touch
you. Real emotion comes from our five
senses. We can find those touch points
instilled in nature.
BS: “Thinking about the idea of living more
in tune with nature, like many of us, you’ve
probably been forced to work from home
over the last few months. What processes
have you created to enable you to carry on
doing the things you do?
FS: “Well, it’s definitely been an eye

opener in the sense that it feels like I’m
busier than ever. I was traveling weekly,
two times a week to from England to
Europe for at least a year and a half. In the
modern age, most of us experience flight
travel is something normal for our jobs.
But the fact is, I find myself being a certain
factor more productive than I’ve ever been
in my life simply because staying at home
actually makes you more productive in
the sense that you’ve reduced your travel
stress.
BS: “You’re based out of London now, but
you were born in Casablanca, your mother
was Spanish, your father of Norwegian
descent. You lived in Istanbul and Madrid
as you grew up; you speak four languages.
How does such a deeply embedded
multicultural perspective prepare you for
design?
FS: “I think you kind of have to grow up
in some kind of atmosphere that wires
you, or forms you to be able to think in
this kind of very broad sense of the world
of living situations, cultures, languages,
and all of that. So I think it’s hard for a
designer to grow up in a single town in the
middle of nowhere, you know, a small town
and then suddenly flourish and become a
designer without having had that kind of
bombardment or influence from so many
different viewpoints. I’m very, very thankful
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Stephenson received the
IED’s Hills Millennium
Award in 2014 for best
international designer

that I got this
kind of wide exposure
as a child and it definitely made me
start seeing the world in colour at a very
young age, I guess.
I’ve always had this tendency to ask
‘what if’ questions a lot: ‘How come you
know?’ and ‘Can it be different?’ All of
these kind of questioning feelings I grew
up with evolved into one basic ingredient
that is very important for designers to
have: curiosity. Companies are always
asking, how do we make our people more
creative or workforce more creative?
Creativity is not a switch we can turn
on. The essence of creativity, I think, is
curiosity. The beauty of design is that
there are actually no limits: you’re paid to
be a thinker. So you might seem a bit like
a crazy person in the company. But that’s
what everybody needs, crazy people to get
those ideas up and running.
BS: “Where did your love affair with cars
begin? You were the subject of a brilliant
Lionsgate documentary that came out last
year called ‘Chasing Perfect’ [pictured at
left; available on Netflix] that told the story
of you first setting eyes on a very particular
car as a child.”
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FS:“That probably is the first moment
that I fell in love with a mechanical
object. The first car that ever stopped
me in my tracks was on 19 March 1969.
It was in the morning, walking hand in
hand with my father on a boulevard in
Casablanca, and there was a Jaguar
E-type. I just froze, walked up to it and
started touching it. And I was in awe that
a car could have that kind of emotional
aura around it that it would just capture
me and not allow me to move on. For
me, it wasn’t a car, it was more of a work
of art. What I have realised is what’s
important in life is to is if you want to get
somebody to love what you do, you have
to attach an emotional connection to that
design.
BS: “How do you achieve this multisensory success time after time?

FS:“A lot of it will probably come down
to biomimicry, the influence of design
from nature. You know, for some reason
centipedes look right, and bumblebees
right too. But there’s sort of a menace
to them at the same time. So if you’re
looking to design something that has that
sort of edgy look, then you might look at
nature as to how a shark looks; dramatic.
That’s a natural direction for the design
to go in.”

SAVE THE DATE
Another Global Innovation Forum virtual
conference, on innovation, design, creativity and
entrepreneurship, entitled ‘Bring Back the Fun’,
is scheduled for 17-19 November.
For details, see www.is.gd/aquhol
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A new
FLYING
CAR
Promising the ultimate in freedom for drivers on land
and beyond, flying cars have been proposed for nearly
100 years, but never delivered. A new contender from the
Netherlands might just be able to rise to the occasion,
although with a few strings attached

D

evelopers Pal-V provide this
thought experiment: you live
in Geneva but want to have a
face-to-face meeting in Cannes,
France. You hop into the Liberty, drive 10
minutes to a grass light aircraft landing
strip nearby, take off, fly two hours to near
Cannes, and then drive to the meeting.

Pal-V claims: “A trip that normally takes
5.5 hours will only take 2.5 hours. On top,
you enjoyed the birds’-eye view of the Alps,
the French countryside and the freedom of
flying.”
In flight mode, the Pal-V Liberty
functions as a gyroplane. It generates lift
from a rotating, but unpowered, horizontal
rotor, and thrust from a rear-mounted
propeller driven by two

redundant 100hp Rotax airplane (petrol)
engines. Inside the two-person cockpit,
the craft is flown in the conventional
way, with a control stick for pitch and
roll, and a pedal for yaw, acting on
ailerons mounted on a rear stabiliser.
At an ‘economic’ cruising speed of 140
kph, maximum range is 400km with two
people, or 500km with one.
In driving mode, the Liberty is a
three-wheeler, with front-wheel steer and
rear-wheel drive, top speed of 160kph.
There’s a leather-trimmed steering wheel
(on the left-hand side) and F1-style paddle
gear shifters.
To switch to driving mode, the
chassis lowers, the two blades of
the rear propeller fold against the
rear body and stow underneath
panels, the vertical rotor mast
folds down on top of the body
of the vehicle, and each of its

Liberty in road-going mode
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VEHICLE DESIGN

Dash includes air and road gauges

One of the twin engines is used for road travel

Pal-V used Italian designers in vehicle styling

Rotor diameter is 10.75m

The flight control stick sits between the legs

twin-bladed propellers fold in half, then
fold back and stow, and the rear stabiliser
connector rod telescopes in.
According to Pal-V’s CEO Robert
Dingemanse, a gyroplane has inherent
design qualities that make it suitable
for use as a flying car. He says: “Aircraft
require large surface areas, which are
facilitated by large rotors or large wings.
But a large surface area is very hard to
deal with on the road.
“Typically flying car projects use small
wings and their stall speed is too high, but
they are still very large for the road, like a
truck which is hard to manoeuvre and full
of lots of fragile aviation technology.
“The Liberty can fold in a couple of

minutes and is compact on the road,
but still has the surface area required to
make it safe and effective in the air. We
don’t have a stall speed, you can go to
zero airspeed and just descend safely
fully under control, hit the gas again to
continue or land without the engines.
“Meanwhile on the road its footprint
is just four meters by two meters.
It’s 170cm high, so it fits any parking
spot or in any garage. Without making
compromises, the Pal-V safely folds its
rotor system to become small enough for
a compact car.
“Alongside minimizing the weight
[664kg empty] and achieving a
marketable performance in the air, the

biggest challenge has been working
out how to make it so the rotor blades,
propeller and tail can be folded and
fixed in a way that makes it safe in all
circumstances, by anybody, in a couple of
minutes.”
Perhaps not just anybody, as the pilot
needs to obtain a gyroplane private pilot
licence, which it says requires some
40 hours of training plus examinations;
the company has developed a six-week
training programme specific to the Liberty.
Road certification is expected later this
year, and air certification next.
(Parts of this article were first published
in Aerospace Testing International
magazine).
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The

LYNCHPIN
A Bristol-based researcher aims to create the best possible designs by
joining the virtual and the physical, and academia and industry

D

igital twins are computer
representations of real things
whose inner workings are
modelled as systems based on
simulations of multiphase, thermodynamic
or aerodynamic performance, to name a
few. The models are built up and validated
using real empirical data taken from
laboratory experimentation. The value of
such models is in allowing designers to
test the designed product through virtual
use scenarios and technical simulations,
and predicting their performance using
valid statistical methods, without having
to physically build anything. This practice
has really changed design in the last
decade, according to Dr James Gopsill,
the newly-appointed research fellow
at CFMS, the Bristol-based Centre for
Modelling and Simulation.
For example, one of his first projects
at CFMS is on developing sustainable
aircraft, to produce an early-stage
architecture demonstrator for an
electrically-powered airframe. The team is
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creating a low-fidelity computational
fluid dynamics (CFD) aerodynamic
model. Gopsill says: “That allows us to
evaluate, at the architecture level, the
wingspan, size of the aircraft, number of
passengers, the distance that it might
need to cover - high-level parameters
that dictate what the aircraft might do,
and what shape or form it might take.”
Another group is developing a digital
twin for the motor, with the University of
Bristol’s Electrical Energy Management
group. “Those models allow us to run
through scenarios where we can play out
the idea of take-off, cruise and landing,
and different flight durations. If we change
the size of the motor, we can identify
the products that can accommodate
change beyond the initial development
architecture. Iteratively, we can identify
architectures that are robust to change,
as well as getting a better sense of the
design space.”
He continues: “What is exciting is
that we can also use this to challenge
people’s requirements: ‘Is that feature
critical?’ ‘Can we reduce that element?’
‘If we did, what effect would that have?’
These early-stage digital twins are
enabling designers and customers to cocreate and collaborate in novel new ways,
both in terms of requirements capture and
design of product architectures.”
Gopsill would seem to be the perfect
candidate to be the one asking. His
first job after graduating in aerospace
engineering (MEng) from the University
of Bath 10 years ago, was at RollsRoyce during the time when it was
just starting to collect data for engine
health monitoring. “They wanted to try to
understand and better trend and monitor
performance,” he recalls, work that has
supported the growth of servitisation.
However, the new world of social

media lured him away from
health monitoring for his PhD (University
of Bath again) to how designers and
engineers share knowledge and design
rationale over digital platforms.
“I looked at the people in engineering
projects: designers, programme
managers, project managers, which
we called ‘actors’. And there were the
digital assets: CAD models, simulations,
email communications. We did a lot of
work modelling those systems, how to
understand their nature and help project
managers design better.”

WIELDING INFLUENCE
He found that in some cases digital tools
themselves can push designers in a
certain direction. “We have done some
work monitoring engineers’ behaviour with
CAD, and how it tends to constrain users
to the previous geometry. When they are
editing the existing geometry, they won’t
ever go back to the drawing stage. But
sketching is a really powerful tool; when
sketching you can rub out and create new
geometries. Simulation tools and how
they are built also affects the design and
output.” (See also www.is.gd/tozayi and
www.is.gd/opopur.)
Following that work, Gopsill took a
lectureship at the University of Bath,
where he again modelled engineers, this
time in rapid prototyping. He found that
decisions made in the early stages of a
project can have a disproportionately large
effect on project costs. That discovery
drove his interest in digital design.
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expected. That is the state of the art. Can
it be achieved? In the lab, yes you can,
but scaling up is a major challenge.”
Finally, a research bid he is currently
working on deals with a very contemporary
challenge: the UK’s engineering response
to COVID-19, when many teams used
advanced tools such as additive
manufacturing to produce PPE. Without a
coordinated response, every actor worked
on their own using 3D printers operated in
facilities with varying governance.
Considering that 3D printers are
complex, and given the extent of freedom
of set-up and optimisation, no two
products from different printers will turn
out quite the same. He adds: “We give
production control to a local authority. But
we might be able to have that capability
if there were a global print queue. Agentbased modelling allows that to happen.
Can we coordinate all of those printers,
and have local governance and control?”
We’ll just have to wait and see.

franz12 /stock.adobe.com

“At CFMS, I am looking
at design tools to assist evaluating
the design space earlier in the cycle,
such as model-based systems, to
create low-fidelity models of the
system and the design and then play
out what-if scenarios.” He continues:
“Digital engineering aims to bring in
advanced simulation tools to de-risk
product development. This is so that
design solutions chosen are able to
accommodate changes if required.”
The new position is a change for
Gopsill too, after finishing a two-year
UK Research and Innovation (UKRI)
researcher-in-residence role at Bristol’s
National Composite Centre. Part of his
time there was spent on technology pullthrough: trying to accelerate knowledge
transfer to industry. He recalls: “I was
excited to see my research, my tools
and my methods developed and put
into practice. But what I realised is
that the pipeline [to industry] is not
easy. Academics produce code and
demonstrators to prove the
principle of an analytical model
or design. For us, the problem
is solved. However, making
that industry-ready and
usable for aerospace or
automotive requires a lot
more development of code
in terms of its robustness,
or to accommodate

different geometries or different
scenarios.” The competing priorities
between academia and industry create
the gap in product readiness known
colloquially as the ‘valley of death’,
roughly between technology readiness
levels 2-3 and 6-7.
“We are investing in this area,” Gopsill
says, referring to his new post, a fiveyear contract to develop a joint digital
engineering capability between CFMS
(industry) and the University of Bristol.
“University is about blue-sky thinking;
CFMS is about pulling it through and
developing new capability, so I felt it was
a perfect fit.”
He admits that a cultural shift is
involved in coming to trust digital twins
as accurate representations of the real
world. A more formal way of establishing
trust is being investigated by CFMS: digital
certification. Physical certifications for
aircraft component still exist – would it be
possible to do the same for digital twins?
Another NCC project in digital
engineering that he mentions, DETI,
covers certifying composite materials to
remove the need for testing or tolerance
checking. “Imagine that if you have
gone through a certified manufacturing
process, you should know the component
is of a certain quality, and then it
should fit to whatever product it needs
to,” he explains. Guided by sensors,
manufacturing processes produce
products with a certain geometry.
Experiments are designed to produce
data about the production process; they
map the variance of that process. “The
idea is to then tighten up that variance
in the process so as long as you
have stasis, then you know
that the next 100-200
products will be of
the quality
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ELECTRONICS

Extending

WEARABLES

Swarovski senior technology and funding manager Rafael Michalczuk explains why a
company known for jewellery and crystals is moving in to flexible electronics

C

ompared to an electric
toothbrush, the simple design
and one simple function of a
manual toothbrush is destined
to be outmoded. New products are
starting to incorporate more and more
smart features. In so doing, they combine
different kinds of functions, and are
becoming really complex devices. If we
translate that into application cases where
we come from, that changes a watch, for
instance, into a highly-sophisticated and
high-tech wearable.
This disruption is coming from other
big players such as La Roche-Posay or
L’Oreal or others that are trying to find new
markets. For example, La Roche-Posay
comes very close to jewellery with one
application (My Skin Track UV Sensor).
All of this is really blurring the borders
between jewellery and smart devices, and
also cosmetics.
Thanks to the work of our internal
research and development team, our
crystals are not only a decorative aesthetic
product, but they are also functional.
This technology platform consists of
the energy crystal, which is able to
collect sunlight and to transform it into
energy, similar to a solar cell, but with
increased efficiency; a touch crystal,
which is electrically conductive
so when you touch it the signal
goes through to a device or sensor
underneath; a display crystal that
allows you to show a display below
the crystal or also to change the colour
of the crystal, which is quite magical;
and smart textiles or ‘ebroidery’ where
basically you can combine a crystal with
smart tech into a bigger smart textile
piece.
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Now we are entering the phase
where we will continue this journey using
the opportunities provided by printed
electronics. You can track temperature,
for instance, and involve different kinds
of sensors. You have flexible substrates
that you can bend within your fingers;
there is no problem with having rigid
crystals in combination with flexible
substrates. A second main advantage
we see is that they are more lightweight
compared to classical electronics and
PCB boards; that is really an inherent
component of our company. So it helps
us to really increase the design freedom
through giving more customisation
opportunities, more customised shapes,
more form factor, whether in 2D or 3D.

EXTENDING THE POSSIBILITIES
Swarovski is not only a jewellery
manufacturer, but also a B2B provider
of premium crystals to other industries,
in four main

application fields: consumer electronics
and wearables; textile and apparel;
interior lighting sector; and automotive,
especially the interior part and also in
combination with lighting.
We are exploring these areas in two
collaborative research projects as part of
the Horizon 2020 project financed by the
European Commission. One, BEWELL, is
on wearables. In 2015 we developed an
activity tracker that we have developed
together with the Misfit company
(pictured, below). The interesting thing
here was that we realised a specific
crystal content and coating that allowed
to collect sunlight in such a way that the
device, which is an activity tracker, was
able to operate in an energy autonomous
way for several days, and then recharge
just by sunlight.
We came across a new form factor
which we are now studying within the
BEWELL project: a smart patch, which
is a growing market, whether it’s UV
tracking on your fingernail or facial
cosmetics. In the project, which started
in early 2019, we look into the
integration of printed electronic
components on different layers
of a flexible substrate that can be
imagined as a vertical sandwich of
layers of intelligent technologies
in terms of visual interaction with
either displays or LEDs. The power
supply is a flexible battery, with
Varta as the technology provider. This
consortium is led by VTT from Finland.
On the use case or application partner/
end user on the user side we have Polar,
Beiersdorf and also Swarovski. What we
three do is we push the consortium to its
maximum extent for two form factors.
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Focusing on our use case within
this project, we are developing a smart
emotional well-being patch that will be
able to detect and to balance stress
or mental imbalances. To do so, it
will be equipped with some bio-signal
detection, which for instance might be
temperature or ECG (electrocardiograph)
or GSR, galvanic skin response. And so
this combination of signals might allow
you to get a certain insight into people’s
stress or mental well-being. What we are
responsible for is the so-called functional
decorative layer, which will include some
of our functional crystal technologies,
combined with photovoltaic charging and
different means of visual interaction. For
the power supply, there will be a printable
chargeable secondary battery, and flexible
haptics interaction is foreseen as a
second interactivity mode.
When it comes to wearable technology,
you face a dilemma between capacity
and stiffness. It’s really a question if we
can have enough energy storage for all
applications, while not losing the main
advantage of printed electronics, which is
flexibility.

THE SECOND PROJECT
The concept of the second project,
LEE-BED, is a little bit open. It’s called the
open innovation testbed for development
of lightweight embedded electronics.
It’s also quite a big project, with 13
different pilot power line providers for end
users from eight countries. Here, we are
trying to reach form and function similar
to a chameleon skin. The project has
three phases. First is techno-economic
modelling for lightweight embedded
electronics. In the second phase, pilot
projects are realised, and in phase three
is when knowledge is transferred into

practice. The main thing is that, using
this, customers can go from a concept
or prototype in under six months. The
project is coordinated by the Danish
Technological Institute.
Within the phase two pilot
projects, we are also one
of the test objects. There
are actually four use cases
where this concept is
tested. One comes from
us where we are looking
into smart decorative
surfaces; Maier is looking
into functional dashboards
for automotive; a structural
monitoring case is
provided by Acciona from
Spain; and LP Grafietic
is looking into intelligent
labels.
Looking at our case,
we split the smart
decorative surfaces
in three different
applications. We can
imagine using it in
textiles, but also in
home interior lighting
and automotive, but
we approach all of
them from a similar
angle. We always try
to look into it from the
point of view of two main
functions: one of them
is touch interaction with
touch crystal and the
other is visual interaction
with the display crystal.

in 2016, Frieda Pinto
wore a Tory Burch gown
with 840 e-ink crystals

This article is an edited version of the presentation ‘Highs and lows of printed
electronics from an end-user perspective’ originally broadcast on 28 May as
part of the Opportunities for Printed & Flexible Electronics virtual conference
), which as of going to press was
organised by IdTechEx (www.is.gd/igarus),
still available to view after free registration. IdTechEx is a market research,
business intelligence and events business headquartered in Cambridge.
Many other recorded events are available on demand
via www.is.gd/obeyuc
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Can AI ever
‘own’ its invention?
Laura Steel, solicitor at Wright Hassall, discusses the legal implications of inventions designed
by artificial intelligence

A

s artificial intelligence (AI)
becomes more firmly embedded in
everyday life -- think Apple’s Siri,
Amazon’s Alexa, autonomous vehicles
and home security systems -- its impact
on the world of design is creating waves.
There have been numerous examples of
AI-created works in recent years: a novel
written by a Japanese computer program
(The Day A Computer Writes A Novel),
as well as poems and musicals. A highprofile example is the completion in 2016
of an 18-month project to create the next

painting by Dutch master Rembrandt
(1606-1669).
Fascinating though this is, it raises
difficult questions when it comes to
ownership of the copyright in the work
created by AI. It is certainly the case that
when technology is rapidly evolving, the
law governing its use and application
tends to lag behind. This is not surprising
– it is difficult to legislate for something
not yet in existence, or still evolving
– but given the speed at which AI is
developing, the need for legal certainty is

Laura Steel
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becoming more critical by the day.
The Rembrandt project, which saw a
team of data analysts use AI to examine
the entire collection of the Dutch
artist’s work, focused on predicting
and creating a new artwork – more
than 300 years after his death. Having
settled on creating a portrait of a man
in his thirties, the team, using AI, set
out to create an ‘original’ new work,
firstly by producing a 2D image and then
applying the technology to generate a
3D painting. The result (see www.is.gd/
ciwejo) was startling and generated
widespread media attention, sparking a
serious debate about what this means
for the ownership of intellectual property
rights. This foray into the creative world
has far-reaching implications not only for
writers, composers and artists but also
for inventors. If AI can be used to create
novels, write symphonies and paint a
portrait, then who is the author in whom
the copyright vests and, in the case of a
product, who is the inventor?
Copyright of works involving AI is a
thorny issue and one that is unlikely
to be resolved any time soon. The
current, overriding principle common
to most countries is that copyright and
patents can only be owned by a human.
To test this principle, the University of
Surrey lodged an application with the
UK, US and European patent offices for
a patent in the name of DABUS, an AI
system, as the inventor of a new food
container. It is not clear whether this
application prompted the UK Intellectual
Property Office to update its Formalities
Manual, but possibly in response to
this application, the following statement
was included: “An AI inventor is not
acceptable as this does not identify ‘a
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person’, which is required by law. The
consequence for failing to supply this
information is that the application is
taken to be withdrawn.”

PROTECTING CREATIVITY
What about the people that input the
data on which AI relies to create its
output – could the intellectual property
in inventions rest with them? The idea
is considered misconceived by some, on
the basis that the data inputter is purely
a facilitator, not the person responsible
for creating the final design or work.
As several people have pointed out,
claiming credit for designing a product or
work of art just by pressing ‘go’ seems
absurd when a sophisticated system of
intellectual property protection has been
created specifically in relation to original
human creativity.
A human being using a computer as
a tool when designing or creating would,
under current IP laws, be considered the
author of that work. With AI, the human
beings who designed the AI itself would
be considered its authors, but they could
not claim authorship (and ownership) of
the final product because that did not
require their input.

www.ied.org.uk

Another way of putting it is that
while there may be copyright in the
AI itself, this is separate work whose
ownership is distinct from the work
such AI creates. There are undoubtedly
more questions than answers at this
stage, and the fear is that if an AIdesigned product cannot be attributed
to an individual, it will fall into the public
domain. If this happens, the commercial
imperative to continue to invest in
automation could be weakened,
potentially imperilling future investment
in R&D.
The problem has been recognised
for a while, purely from the fact
that the UK Copyright, Designs and
Patents Act 1988 contains a category
of ‘computer-generated works’ and
confers authorship on the (human)
programmer who designed the program
that enabled AI to create the original
work. It states: “In the case of a literary,
dramatic, musical or artistic work which
is computer-generated, the author shall
be taken to be the person by whom the
arrangements necessary for the creation
of the work are undertaken.”
At the moment, it would appear that
there are two copyright options for AI

works: either authorship can be granted
to the person who designed the program
that powers the AI (as above), or it can
be granted to no-one, leaving an AIdesigned creation in the public domain.
If the law was changed to recognise
a non-human, that is AI, as an author
or an inventor, then the next, obvious
question is, who owns the creation?
Many commentators believe that
awarding ‘personhood’ to AI is far too
extreme. Would it then come down
to simple economics? For instance,
would the majority stakeholder in the AI
system be the owner – or part owner?
This could result in uneven leverage
being exerted by one party over another,
with potentially negative impacts on
businesses that rely on those assets.
The genie is out of the bottle and
AI is with us to stay – but the question
about ownership is becoming more
pressing as automated systems become
increasingly more sophisticated. To
date, case law has focused on the
human as the author of an original
design or work of art. This approach is
likely to be tested more and more in the
courts as arguments over authorship are
increasingly contested.
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Selected and edited published applications from recent
editions of the patents journal. This month is category F: mechanical
engineering; lighting; heating; weapons; blasting
Test rig and method for
assessing the performance of
barrelled disruptors

GB2580354

Richard Graeme Potter
DSTL
Disruption is a process utilised in
explosive ordnance disposal whereby the
key components of an explosive device
are rapidly separated to ensure the threat
is rendered safe without initiating the
device and causing significant damage.
One of the tools which can be used to
achieve this desirable result is a liquid-jet
barrelled disruptor, which utilises a high
speed jet or plume of liquid to penetrate
a device’s outer wall, rapidly break apart
critical components and open up the
device to allow a clear inspection to be
made of the debris.
The shape and velocity gradient of
the water jet is complex and affected
by several factors such as the internal

bore and muzzle profiles, the cartridge
performance and other effects associated
with the internal ballistics of the
disruptor. Consequently, the performance
of different barrelled disruptors is
observed to vary significantly.
A test rig for assessing the
performance of a liquid-jet barrelled
disruptor comprises a mount for
supporting a disruptor at a predetermined
stand-off from an impact surface. The
total linear momentum delivered by the jet
at the impact surface may be measured
using a ballistic sled and the central axial
impulse load of the jet may be measured
using a pressure gauge, such that a
coherence metric, which characterises
how focussed the jet is, can be derived.
This provides valuable comparative data
for assessing the relative performance of
liquid-jet disruptors.

Conductive driver board
for light bulb

GB2580249

George Uhler
Technical Consumer Products, USA
Light emitting diode (LED)-based lighting
systems may offer several energy and
reliability advantages over other types of
lighting systems such as, for example,
incandescent or fluorescent lighting.
Conventional LED-based light bulbs
typically utilise wires or precision-formed
mechanical contacts to transfer the
supply or line voltage to the driver board.
In the first case, those wires are flexible,
and that makes them difficult to align
using an automated assembly process.
Accordingly, such wires are usually
positioned and affixed manually by an
operator during assembly. That is usually
time consuming. Alternatively, line voltage
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may be transferred to the driver board
using mechanical contacts. However,
such mechanical contacts contain several
precision-formed components, which are
typically expensive and therefore add cost
to the light bulb.
Instead, a light bulb is disclosed that
includes a screw shell defining a cavity, a
screw shell insulator, and a driver board.
The driver board includes a positive leg
that projects from a proximal edge of the
driver board, with a proximal end portion
that protrudes outside of the aperture,
and a negative leg that projects from the
proximal edge of the driver board, with a
proximal end portion that is electrically
connected to the screw shell. The positive
leg is configured to extend through the
passageway to make electrical contact
with a positive terminal of a light socket.

www.ied.org.uk
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Integrated Manifold System

GB2580816

Brenna Hansen
Special Projects Operations
First responders, members of the military,
emergency personnel, and others are
frequently confronted with inhospitable
breathing environments, such as may occur
in the event of fire, a hazardous chemical
spill, a nuclear, chemical, or biological
attack. In order to allow such personnel
to accomplish their mission in such
environment, various personal breathing
apparatus systems have been developed.
While they can provide the operators secure
breathing environments, their bulky size has
made operation in highly stressful and/or
obstructive environments quite challenging.
An integrated manifold system, usable
for instance in self-contained breathing
applications, combines in a single,
compact, unitary assembly a manifold
for connecting air supply cylinders with a
first stage regulator and recharge port.
This reduces overall weight of the system,
among other benefits.
A single assembly includes a one-piece
machined manifold for connecting air supply
cylinders with a first stage regulator and
recharge port.

Power conversion system for
nuclear power generators and
related methods

GB2581043

Claudio Filippone
A nuclear power generator contains a
nuclear core for producing thermal energy
during normal operation. After shutdown,
the nuclear core still produces decay heat.
To avoid overheating of the nuclear core
after shutdown, decay heat energy must
be transferred from the nuclear core by
redundant heat transfer mechanisms,
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which are generally supplied by decay heat
removal systems external to the nuclear
core. These heat transfer systems may
require complex piping networks to connect
the pressure vessel containing the nuclear
core to heat exchangers generally located
far away from the pressure vessel.
The disclosure may provide an
improved power conversion system that
can effectively and efficiently remove heat
from a nuclear core while eliminating a
substantial amount of balance of plant. It
consists of nested inner and outer shrouds,
each of which is filled with a heat-transfer
fluid in separate, parallel, closed circuits,
along with a source heat exchanger
disposed in the internal passageway of the
inner shroud.

Leak-rate reducing sealing device

GB2581045

Doseo Park, Zhi Yong He
Baker Hughes (GE), USA
In hydrocarbon exploration and recovery
operations, fluid seals help protect
components and tools lowered into
a resource-bearing region. A sealing
assembly includes a flow control body,
such as a ball or dart, which is configured
to engage a sealing device. A primary
engagement feature is configured to
prevent fluid flow through the sealing
assembly and withstand external fluid
pressure.
It is separated from one or many
secondary engagement features by a
cavity into which fluid may flow in the
event of a leak in the primary engagement
feature. Fluid in the cavity has a pressure
that is lower than the external fluid
pressure, resulting in a pressure drop.
The pressure drop can significantly reduce
the leak rate or prevent further leakage
in the event of a failure of the primary
engagement feature.

In Brief
LED lighting apparatus with heat
sink

GB2578691
Jamie Shemie
All LED Ltd

The heat generated by the electrical
current powering LEDs reduces the
efficiency of the light emission. A LED
lighting apparatus is provided with heat
sink to provide longer-lasting energyefficient lighting, and a housing having
a reflective surface and an opening for
directing reflected light.

Performance-increased wind
energy installation

2581219

Horst Christian Schulte
KWA Alpstift
Wind tunnel tests at the University
in Aalen found a 14-fold increase in
generated power in a device that includes
a conical funnel compared to a system
without a conical funnel. Trials determined
that energy increased further when the
area of the annular clearance between the
inside surface of the rotor housing and
the outer edge of the rotor arms is the
same as the area of the rotor mechanism.
This equates to the inside cross-sectional
area of the rotor housing being at least
double that of the rotor mechanism area.

Systems and methods for
reductant dosing including ontime correction for switching
delays

GB 2580274

Vikram Sundararajan and Joe Hill
Cummins Emission Solutions
The present disclosure relates generally
to the field of selective catalytic reduction
(SCR) systems for use in engine exhaust
aftertreatment systems. In operation, the
amount of reductant that is injected into
the exhaust gas stream can be different
than the intended amount, because of
delays in actuation of a coil-powered
armature pin. Systems and methods
are proposed for controlling reductant
injection by adjusting reductant dosing on
time to compensate for switching delays.

31

MEMBER PROFILE

First of a kind
The world’s first recipient of the Registered Product Designer qualification (RProdDes), Luke Ruell,
says that he never planned any particular career route, but instead followed his interests in art,
mathematics and design

R

uell’s career led him to vacuum
manufacturer Dyson. When
he started working there as
a design engineer, he began
the process of applying for his first
professional qualification. It soon
became clear that initial plans to obtain a
Chartered Technological Product Designer
(CTPD) would require a few years more
experience than he had at the time (see
also box), so he thought he would apply
for the lower-level qualification first, to
learn more about the process.
That’s because after university Ruell
took two years out to teach art and
design technology at secondary school.
By the time he reached Dyson, he had
only the degree and a year’s experience
at a design consultancy (Ignitec Product
Design) to draw on.
As he got into the job – he now works
in the company’s cyclones and separation
division in Malmesbury, Wiltshire – he
admits that he got sidetracked from
the application. Five years later, when
lockdown began this spring, Ruell picked
it up again, spending the equivalent of his

then-redundant commuting time preparing
evidence of key accomplishments and
project work.
Explains Ruell: “In the current market,
one needs as many qualifications as
possible. At the same time, it is great to
show what I’ve been able to achieve. It’s
personal too: I did more for myself than
for my career. And it was enjoyable to
document my achievements.”
As happy as he was to receive the
recognition, he says that he didn’t go
about it the best way. “In hindsight, I
should have documented my projects
as I went along, and then I could have

submitted it without so much work,” he
continues. “A working log written at the
time would have been more useful. I had
to re-read my old project work to know
what I was talking about, as it gets a little
hazy after a few years.”
Instead, he recommends that people
keep folders of their project work, and
periodically write up their experiences,
making sure that the projects discussed
are not privileged information. Ruell also
suggests that applicants familiarise
themselves with the different criteria
required to achieve the qualification, and
tailor the submission around them.
In fact, during the process Ruell
found he had accumulated so much work
experience that he has since applied for
Chartered status, and he was able to draw
on the RProdDes application. “One led on
to the next,” he says (as of going to print
his application was still being processed).
In the meantime, Ruell continues to
put his teaching skills to use volunteering
with the James Dyson Foundation,
speaking to students and running one-day
design events in between projects.

ANOTHER LEVEL
RProdDes is equivalent to Incorporated Engineer (IEng) status, whereas CTPD
is equivalent to Chartered Engineer (CEng) status. Those applying for RProdDes
must demonstrate underpinning knowledge to bachelor’s degree level, instead
of the masters’ required of CTPD. They must also demonstrate the application
of new knowledge; as opposed to demonstrating the development of new
knowledge required for CTPD status. Since both were launched in 2016, 36
registrants have received CTPD, all through IED, which was awarded the sole
right to grant both qualifications by the Queen’s Privy Council.
“CTPD took off relatively quickly, as chartered status is well known across
many professions – it’s the top level of registration for engineers, surveyors,
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accountants and so on, so it’s easy to equate,” observes IED chief executive
Libby Meyrick.
She continues: “While it’s a kind of rite of passage for engineers – they
know all about it from university onwards – there isn’t the tradition within
product design for gaining professional registration. However, there is a
push for it, which is why we applied for and were granted the Chartership
in the first place. And all of our academic courses in product design are
accredited for either RProdDes or CTPD, so hopefully those graduates
will start to filter through as members as Registered Product Design
professionals before too long.”
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How to use the
StairSteady
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In order to remain sane and ‘compos mentis’
In my retirement – and especially during the
COVID-19 lockdown – I have been working on
a ‘new build’ Great Central Railway Class 2
Steam locomotive since 2013. I really do like the
comment by the photo of the original ‘Lyn’: ‘The
resemblance does not extend to all internals.’
The modern designer dealing with a Victorian
design from 1890s has many aspects to deal
with, not least the use of metric steels and
fasteners. While it is possible to obtain imperial
steel plate and sections and B.S. Whitworth
fasteners, there is a considerable price to pay for
authenticity.
One has to deal with the PED 2014/68/EU
regulations (or whatever UK standard will be put
in place) when making a new boiler, in our case
incorporating a boiler ‘blow-down’ valve.
The desire to prevent the locomotive from
setting the world on fire, coupled with efficient
draughting arrangements to get the best use
out of the soon-to-be-scarce coal supplies, all
within a very short smokebox (that was later
extended in service rebuilds) has given me real
problems.
The design worked out over the past couple
of years [pictured below] has had to incorporate
such modern (1930s) items such as a ‘Petticoat’
pipe (a funnel to aid smoke into the chimney),
ash screens (fire spark catchers) and to review
the blast-pipe (outlet from cylinders) nozzle. The
original nozzle was situated above the boiler
centreline, aimed at a hole in the smokebox at
the base of the chimney.

0

Human-centred design ideas
applied to public service

A reader writes in about ‘Lyn’ (‘Full steam ahead’, pp10-14, July-August 2020)

July /Au gus t 202

May/June 2020

Following a letter raising concerns
about the safety of the Stairsteady
manual stair aid (May/June 2020,
pictured on the cover, p3 and p6),
here is more information on how
this unpowered device works.
StairSteady consists of a
cantilever running
along a heavy
U-profile steel
track. Wall
Helping hand
brackets are
fitted at intervals
over the stairs
at intervals of
perhaps a metre
and a half. The
model’s body obscures some of
the wall brackets on the front
cover, but they are visible on p3.
When unloaded, the cantilever/
track guide is free to slide along
the track. In the event that a
lateral load is imposed on the
cantilever – whether from going
up or down the stairs – it would
tend to rotate the track guide
relative to the track. However, the
track guide is so designed, and so
dimensioned, as to prevent almost
any degree of rotation between
track guide and track, binding
the walls of the guide against
the track, locking it into position.
Once the load is removed, the
track guide can be realigned to
the orientation of the track, and
then is again free to slide along
the track.
Repeating this action over a
flight of stairs provides a kind
of ratchet effect, in which free
running alternates with locking.
This is what provides a person with
limited mobility a helping hand
going up and down the stairs.
The unit has been weighttested in situ for users up to and
over 40 stone (depending on the
wall the unit is mounted to) and
handle and rail have been tested
by an independent company and
found to hold more than 140
stone. However, product literature
suggests that maximum user
weight be 25 stone/160kg.

Letter to the editor
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Engine of change
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Building a new locom
otive

for an old line

This left little room for the ‘Petticoat’ pipe and
only room for a rudimentary ash screen.
In order to make space for a decent screen,
the blast pipe has had to be lowered down
from the base of the ‘Petticoat’ pipe, well below
the boiler centre line - so we then needed to
provide the nozzle with a better aim. Enter the
thoughts and designs of the Argentinian steam
locomotive engineer Liva Dante Porta, who sadly
came late on to the scene of locomotive practice
and performance. He provided the basis for
the nozzle fitted to ‘Lyn’, and will do so for our
locomotive.
The power of a well-structured search of the
Internet will provide excellent information to the
experienced engineer (and a load of rubbish).
In our case, we were not only aided by Dante
Porta, but also by an excellent paper produced
by David W.H. Berry CEng on keeping the
sparks in the smokebox on hard-working New
Zealand Railways steam locos (download via
www.is.gd/icayan).
www.is.gd/icayan
I believe that several members of the
IED are involved in these ‘new build’ steam
locomotives, showing the wide knowledge
covered by the Institution.

06/07/2020

09:45

Barry Nurcombe CEng MIED MCGI
design engineer GCR 567 Group
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INSTITUTION NEWS

In Brief...
known in the community as giving free lectures
and seminars on engineering, construction
and project management seminars to
various Philippine Engineering Organizations.
Since 2012, he has produced 135 Filipino
graduates of Master of Science in Construction
Management, in collaboration with the
Polytechnic University of the Philippines open
university system. In addition, his company,
RS Management Education & Training

■ Continental has introduced a new ecofriendly garden hose made from a material
called EcoRubber that uses sugar cane
ethylene rather than petroleum-based
products, thereby reducing greenhouse gas
emissions by 85%. It is said to be the first
plant-based polymer hose in the world.
EcoRubber uses renewable polymers from
sugar cane for 70% of its mass, although
the company’s goal is to use 95% renewable
materials. The hose is made in the USA.
■ In June, EurIng Mariano Roque Senga
CEng MIED was named outstanding engineer
of the year by the Filipino Social Club of
UAE. The award is given to Filipinos in the
United Arab Emirates who have displayed
excellence in their respective fields in the
community and internationally. Senga is

and then lifted into place on site. The FRP
materials are also renowned for their durability
and have been across industry.
■ Gordon Murray Automotive has unveiled its
T.50 supercar in full for the first time, showing
the finished exterior and interior design
and confirming its technical specifications.
Saying that he is improving on his acclaimed
McLaren F1 “in every conceivable way”,
Gordon Murray CBE is leading the team that
will begin building customer versions of the

Services, is providing STEM Robotics
outsource services to elementary and high
schools to encourage children to pursue
technology and engineering degrees in
the future. And he is also a trained IED
professional review interviewer in the UAE.
■ Working on behalf of Kent County Council,
Amey has replaced the Botany Footbridge in
Tonbridge with a composite (FRP) design. The
bridge deck weighs less than half that of steel
or timber bridges making them easier and
safer to install, as they are fabricated offsite

986kg supercar in January
2022. Justifying its £2.36m pre-tax price tag,
the T.50 is powered by a bespoke Cosworth
3.9-litre, 663PS V12 engine that revs to a
record-breaking 12,100rpm, and is said to
feature the most advanced and effective
aerodynamics ever seen on a road car.

Elections & Registrations
Registration as Chartered
Technological Product Designer
Adam Hilliard Bristol

Election to Affiliate
Dr Debabrata Dutta West Bengal, India
Election to Student Member

Registration as Chartered Engineer
Peter O’Donnell Hampshire
Registration as Registered Product
Designer
Luke Ruell Bristol
Election to Member
Kevin Frear North Lincolnshire
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Brunel University London
Amber Sayers
Liverpool John Moores University
Benjamin Wright
Loughborough University
Alexander Ludwig
University of Strathclyde
Abdulrahman Aljifri

University of Nottingham
Malaysia Campus
Mohamad Fauzi 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 Nair 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
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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 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

