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VIEW FROM
THE CHAIR

B

y the time you read this, the UK should be getting some relief from
the trauma of the COVID-19 virus and beginning to get back to a new
normal. There have been several epidemics in recent years, such as
SARS and MERS. In an overcrowded world, such things are likely to happen
again in years to come. The current situation is something to take note of as
a learning experience, and a chance to plan for future occurrences. However,
there will be more immediate consequences.
The manufacturing industry will be looking to multi-source products and
components so that it is not so dependent on countries more vulnerable to
disruption. This may require some redesign work to adapt products for the
manufacturing systems available. At the same time, improvement in the
living standards of developing countries is reducing
their cost advantages compared to developed
countries as pay rises. An expansion in UK
manufacturing is likely. This will, in turn, require the
design of new manufacturing facilities with more
As the UK emerges from its COVID-19 lockdown,
efficient, up-to-date equipment, allowing local
Colin Ledsome CEng FIED considers how the virus will industry to approach or match the lower prices
influence the status quo of our ‘new normal’
previously available elsewhere.
The experience of the virus will lead to a
significant rise in the need for new medical
facilities, including increased spare capacity to cover surges in need arising
from any similar situations. This will again require appropriate design work at
all scales, from hospitals to testing kits. Some products may need to be in
storage for several years. Emergency systems must be put in place to
ensure the supply of food and medicines as needed.
The considerable reduction in travel and industrial activity is allowing the
environment to recover a little from the damage of the last few centuries.
This may bring home to policymakers the urgency of reducing pollution. New,
more efficient ways of working must be found, which means more focussed
design work with environmental impact as a key requirement in all we do.
IED members are closely involved in work by committees at BSI to produce
guidance in this area, such as the BS 8887 series “Design for manufacture,
assembly, disassembly and end-of-life processing (MADE)”.
At the time of writing, it seems that less than 0.1% of the population will
die. Every death is a tragedy for the family and friends. On the other hand, a
century ago, influenza killed more than had died in World War 1 over the
span of only six months. Five centuries ago, when the bubonic plague known
as the Black Death swept across the country, half of the population died.
We should be grateful for the NHS and the WHO and make sure we are
better prepared for the next time.

Normal people?

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

Recumbent
bicycle
Not just toys for small children, tricycles’
wheel geometry continues to offer benefits
to riders in the age of e-mobility, writes Colin
Ledsome CEng FIED

www.ied.org.uk

Chronicle/Alamy Stock Photo

O

ne of my early memories is seeing a very
unusual tricycle in our village. It had two
large main wheels, on opposite sides. A
smaller wheel ran in front for steering. Two
riders sat between the big wheels, both pedalling. I
have since discovered that this was probably a Starley
Royal Salvo or possibly a Starley Osborne. One is in
the Science Museum collection. Queen Victoria owned
one, but there is no record of her riding it.
Many years later, I came across an article about a small
robot used to deliver drinks and nibbles on an exhibition
stand. This had two wheels, set at an angle on either
side. In profile, this gave an elliptical shape, which
bore down on the ground in the same way as the
Victorian tricycles, with an apparent large-diameter
circle. The centre of mass of the robot was below
the centre of this circle, so it was stable. Apparently,
people liked the way it rocked gently back and forth.
While teaching at Imperial College London, I
incorporated this design into a final-year student
project. What came out of that was a design for
a recumbent bicycle with electrical drive-assisted
wheels. Some work would be needed to structure
the wheels to take the significant bending loads that
they would experience, but the basic idea was sound.
The concept could be adapted into, for example, a
wheelchair for those who need back support, or a
compact stretcher trolley.

Side elevation

Front elevation
Apparent
diameter
of rolling contact
Centre of
gravity

Robot
body

Circular wheels
set at an angle
Small robot: diagram of rolling contact
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If buildings
WERE CARS
A large-scale programme aims at no less than applying the lessons of modern manufacturing to
change the way that the UK construction industry goes about designing and building, by developing
an approach that sees pre-specified standard modules built in off-site factories

C

ommon consumer goods are
mass-produced because of the
cost savings. The combination
of assembly-line equipment
and strictly-controlled quantities of labour
all work toward reducing the bottom line.
Of course, such production methods have
no flexibility; constraints ranging from
production tooling to worker training limit
their ability to produce many variants.
And what they make may not necessarily
be the ideal product. It might be a
compromise between what customers really
want – something completely tailored to
their needs – and their relative inability to
afford the labour of a craftsman or -woman
(if one could even be found). For example,
while handmade shoes might best fit our
feet, the purchase cost benefit achieved by

Bryden Wood platform
build in progress, and
connection detail (inset)
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choosing a mass-produced pair off the shelf
far outweighs the minor inconvenience
caused by a not-quite-perfect fit.
A recent buzzword in manufacturing
circles is mass customisation: providing
buyers a degree of choice in specifying
mass-produced goods. New cars, for
example, come in various trim levels,
colours, and equipment options.
Cars are probably second only to
homes in terms of the size of the expense
for an ordinary buyer. But while for a
century mass-production techniques have
streamlined the production of the former,
the construction of homes – as well
as public infrastructure – has
occurred in a completely
different way. “Currently,
the majority of buildings in

the UK are procured individually, designed
conventionally and constructed on site,
using traditional skills and materials,”
according to the Construction Innovation
Hub. This £72 million government-funded
organisation, a collaboration of R&D
bodies BRE Group (construction), CDBB
(construction) and MTC (manufacturing),
is aiming to change this, particularly for
the schools, hospitals and other public
buildings on which government spends £15
billion per year.
The organisation is following and
responding to a groundswell of recent
public opinion, points out Hub impact
director for manufacturing Trudi Sully.
One of the highest-profile was a
government-sponsored labour
review of the construction
industry by Cast consultant
Mark Farmer published in
2016. Called ‘Modernise
or die’ ((www.is.gd/owejen),
it criticised the construction
industry’s lack of innovation,
collaboration and personnel training.
At the time, he said: “If you buy a new
car, you expect it to have been built in
a factory to exacting standards, to be
delivered on time, to an agreed price and
to a predetermined quality. This needs to
happen more in construction, so that the
investors, developers or building owners
hiring construction firms increasingly dictate
the use of modern methods of delivery and
invest appropriately in the skills agenda to
grow this part of the industry.”

www.ied.org.uk

DFMA
Bryden Wood exploded
design spec for
platform build

To do just that,
the Construction
Innovation Hub launched
its Platform Design Programme, a
major new four-year project, in 2018. Its
approach borrows from the car industry,
where a manufacturer develops a chassis
for one or multiple types of vehicle, as well
as the interfaces for all of the required
components provided by OEMs or the
supply chain, to fit into it.
Buildings have a chassis as well,
contends Emily King, Mid Group client
solutions director, which she describes as
the skeleton of any building visible during
construction when you still can’t tell what
it’s going to become.
The project imagines designing a
platform – a common basic structure
– combined with a standard kit of
interchangeable parts that work for multiple
types of buildings. The system components
conform to strict tolerances and, when
assembled into a finished
structure, meet performance
and safety criteria. This
kind of thinking is an
application of principles
of design for manufacturing
and assembly (DfMA),which
builds on a call for evidence

www.ied.org.uk

to support this approach from the UK
government’s Infrastructure and Projects
Authority.
Organised by the Hub and working
in collaboration with five government
departments (health, education, defence,
transport and justice) is a consortium
of supply chain, architects, contractors,
suppliers, as well as people from
manufacturing. They are working together
to develop the system sufficiently to build
a proof-of-concept structure at the MTC
(two to four storeys and 2,500-5,000 m2
on a flat development site). That is the final
in five main stages in the project, whose
earlier stages are: definition of needs,
systems concepting and specification
development, design and method of
manufacture and prototype production
processes.
Alongside that sits the
development of a quality
management approach to
support the introduction of
new products, construction
quality planning, which


A platform for the platform
Three other MTC (Manufacturing Technologies
Centre) projects support development of the
platform technical solution for DFMA. First,
it has invested in capital equipment to help
develop platform components. Second, the
value segment focuses on making changes
in procurement processes, and changing the
prevailing mindset from choosing by lowest
cost to greatest value, as well as skills and
capability investments.
Third, the assurance segment ensures
that what is delivered is safe and certifiable
to existing standards. “For the platform,
things that are configured differently from
current elements, we need to make sure that
they provide equal or better standards of
performance,” points out Trudi Sully. Equally,
they need to be insurable and mortgageable.
Finally, the digital framework covers
improvements in information management
– moving from electronic information to
digitalised processes beyond BIM.
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is adapted from advanced production
quality planning approach well-proven in
manufacturing, adds Sully. It also has
five stages: planning, product design
and development, process design and
development, product and process
validation and product launch. The
document is out for public comment until
the end of July (www.is.gd/uyozuv). Sully
says: “CQP aligns with the stages in the
platform. Both involve an up-front element:
the voice of the customer; making sure
what you are delivering is fit for purpose.”
The impact director continues: “In
traditional construction, the design cut-off
point is a long way through the process,
and different parties are brought in and
take over the design at different stages,
and there is a consequent dilution of the
design as a result of that. Whereas, the
way we’re looking at it, the application of
systems engineering approaches involves
significant investment early on to really
go into the details of the design, apply
quality management approaches, and look
at not just the design for manufacture
and assembly -- which is becoming more
and more popular -- but looking at value;
what does value mean to the client, and
bearing that in mind as you make decisions
overall.”
In other words, rather than focusing
on the details of construction, such a
system should enable greater focus on the
building’s purpose, says Mott Macdonald
project principal Toby Robinson: “At the
moment, departments have to specify
everything that they want in the brief of the
school. So they have to become experts
in building. All you really want is for them
to say, ‘I have to educate 200 children’.
Why should they have to specify how much
should we insulate it and how high are the

Bryden Wood’s platform
brackets
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Lymington Fields School,
constructed using Mid Group’s
component approach

ceilings. It’s irrelevant to them. If we have
a system up and running, they can tell us
what they need and the outcome that they
want, and we can provide a product that
provides that.”
And his colleague Ben Carlisle,
transportation digital leader, concludes:
“Removing the need to deal with bespoke
detail every single time allows us to
understand the problem better. I think
the focus of design looks less like a load
of donkey work of the detailed stages
that are not adding a lot of value but just
refining detail. We can invest that time
and effort and brainpower and creativity up
front in making sure that we understand
the problem, and iterating through more
configurations of the same building.”

IN PRACTISE
One company that is already putting some
of these ideas into practice is Mid Group,
a start-up contractor that specialises in
offsite construction (which means building
as little as possible on site). “While on
a traditional building, the input of the
designer ramps up over the build, in our
opinion, for our system it’s the reverse; it
is much higher in early stages, and then it
tapers off. By that point, our BIM [building
information modelling] models are detailed.
They know the thicknesses, they know
the window heights. Why sketch them
out? That’s just a pointless extra step,”
contends King, pictured, right.
The five-year-old company was founded
by a former director of Laing O’Rourke
with extensive experience in pre-cast
concrete (which is usually made off-site).
It has developed a list of standard building

component types; there are 16 to build a
school, for example, with three suppliers
arranged
for each
Last evening
run type. They provide that
part with a common interface so that the
parts are interchangeable. Mid Group acts
as integrator: responsible not only for the
assembly, but also for facilitating the work
of lots of people on site.
On the other hand, a benefit is that the
design and build process can be separated
from the specifics of the site; that means
that it can be improved. King points out:
“One advantage we see is never having to
reinvent the wheel; we can tweak, improve,
assess. We delivered a batch of schools to
Barking and Dagenham. The first EPC score
was 21, the best the monitor had ever
seen. The last one had an EPC of 10 [lower
is better]. That was incredibly good for a
school, but it was just about tweaking and
making improvements.”
While Mid Group’s programme may
direct the build, it doesn’t dictate a
paint-by-numbers approach to design,
King insists. In fact, Mid Group employs
an 80:20 rule, where 80% of a build
uses standard components, and 20% is
bespoke, to provide the building with a
unique personality. “We want to foster
identity and pride in the school and
reflect the local surroundings. We don’t
want secondaries looking like hospitals:
classroom-corridor-classroom, stretching on
for miles.” King says that while in the past
people have interpreted her perspective
as anti-architect, that is not so. She says:
“The key thing is that architects understand
our approach. Those that [do] are an
asset; they understand how to work with
the 20% while not touching the chassis. A

www.ied.org.uk

DFMA

good architect relishes
the constraints and
still makes something
amazing.”
Part of the intention of
the project is to shift design
decisions before construction begins,
because redesigning on the fly is fraught
with risk, warns Andy Stolworthy, director
of product and marketing development at
building component and system supplier
SFS. “You can end up with decisions being
made without the whole overview of the
project taken into account. Essentially
this impacts something else you aren’t
aware of. You might change the U-value
of some insulation, but that could impact
the performance of the entire building;
suddenly the client doesn’t get the
performance that it expected from the
design.”
But early agreement presupposes a
level of certainty that the parts will fit and
work. Stolworthy adds: “The challenge we
have [at the moment] is that every project
does it differently. Every project develops
a single asset, or a single number of
buildings. To leverage benefits, those
connections and interfaces between the
elements need to be standardised to be
used across multiple connections. [SFS
platform-compatible parts are shown, pp67]. If you have an external wall element
connected to a steel subframe, there
is a structural frame detail. Now we will
consider how that same connection is
made to a timber structure, for example.
That brings a different set of challenges
at the design stage, including engineering
calculations and details, to try to connect

www.ied.org.uk

different types of materials. It’s a very
different approach, but one that we should
not be afraid of.”
Two structural systems were initially
put forward as design considerations
for the project. One is Bryden Wood’s
Platform 2 Superstructure, which consists
of prefabricated steel columns, steel
composite profile that acts as ‘permanent
shuttering’ for concrete beams,
in-situ concrete slabs and
standardised prefabricated
connection brackets
between columns and
steel profile beams. The
other is the SEISMIC
(Standardisation of
School Components)
Consortium steel frame and
connectors.
Other systems with different
approaches may be added. The
platform project, and the platform
approach in general, represents both
an opportunity and a risk for suppliers,
Stolworthy contends. “If we’re not involved
in the process early on, there could be
a lot of business put at risk. Currently,
whether working direct with subcontractors
or architect main contractors, if we lose
a project, it’s one building. In this case,
if we’re not involved early on, we could
miss out on 100 buildings. It is quite an
interesting question about the impact of
this on cost modelling; we will have to
change to a more manufacturing mindset
rather than a project mindset,” he says.
On the other hand, even when all the
parts go together, this process won’t
prevent bad buildings being made. King
states: “A danger of a project like this is
that you stop thinking of the building as
a single product. That’s why the role of

integrator is so critical. As soon as you say,
‘We need this bit here and this bit there’,
you stop innovating and improving. You stop
recognising that climate control and M&E
depends on the material used in the façade
and its orientation. We have to work hard to
think of the product as the building.”
King also admits that the project is
ambitious, and its goals should be treated
with a degree of caution. “We’ve bought
into the process, but it is a clash between
automotive engineers and construction
contractors. Out of that comes innovation;
we need that. We are being brought
out of our comfort zone. And it’s worth
adding that the 80:20 rule may be useful
here: this might not be the solution for
everything, but for most things. That’s
probably all that we can achieve for now.”
Sully, for one, remains positive. “I’m
extremely optimistic. This is an exciting
place to be. We have had a huge spectrum
of responses from industry and the wider
community, from extremely cynical and
very challenging to those that have moved
from other manufacturing environments
and see the potential. But having a
diversity of views does help us. We need
to be challenged, to have those question
what we are doing and why. What we are
trying to do is take lessons from other
industries that have gone through similar
transformations, and translate that to this
sector. The difference in perspectives is
part of the process, and consistent with
the same challenges that other sectors
have gone through.”
Conversations are under way about
what happens after 2022. She concludes:
“I see this as the first stage on a journey;
the transformation of industry doesn’t
happen in four years. We are here as a
catalyst.”

Construction Innovation Hub platform project industrial participants
Integrators: BAM, MACE, Mid Group, Kier/VINCI Construction, Mott MacDonald, PCE Group, Skanska
Design consultants: Buro Happold, Grimshaw, Gur Build, MMCEngineer
Ecosystem consultants: Akerlof, Buro Happold
Sub-assembly: APKI, Cemex, Handrail Design, Innovare, Metlase, SFS, Space/Division, Ventive,
Woodmarque
Components and materials: Handrail Design, Kloeckner Metals, Quinn Building Supplies, Rockpanel,
Tata Steel, Ventive
Detailed design consultants: Exyte, MFDS
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Full steam

AHEAD

The new ‘Lyn’ rolls out of the
Alan Keef workshop in 2017

Ian Gaylor CEng FIED recounts the ten-year project to design and construct a new steam engine
for the Lynton and Barnstaple railway in North Devon as part of rebuilding the iconic line, which is
probably the last big project for the UK’s heritage railway industry

C

ompleted in May 1898, the
railway started at the mainline
station in the market town
of Barnstaple and climbed
through the beautiful Exmoor National
Park to the summit at Woody Bay,
the highest station in England, before
descending to the picturesque seaside
resort of Lynton and Lynmouth during a
19-mile journey.
While the railway closed due to
competition from local bus services in
September 1935, 69 years later (2004)
the newly-formed Lynton and Barnstaple
Railway CIC began rebuilding one mile
of line from Woody

Bay to Killington Lane, and opened for
passengers in 2007. Restoration of
the rest of the line is now firmly on the
agenda, and, backed by the national park
and local authority, the railway is currently
rebuilding to Blackmoor Gate and
onwards to what is now Wistlandpound
Reservoir, adding 4.5 miles to the line.
The Railway has achieved a meticulous
restoration and recreation of the line as
it was in the early 1930s, but as none
of the original locomotives had survived,
it wished to construct a replacement
for the American ‘Baldwin’ 2-4-2T
steam locomotive, ‘Lyn’, in order to
complement the coaches which it was
currently restoring. This project was to
be undertaken by a separate charitable
organisation, The 762 Club, and funding

was to be raised from members and
industrial sponsors.
Railway chairman Peter Miles
explained that although the railway
wished to present the locomotive as
it was operating in 1929, it could
incorporate modern technology where
appropriate, rather than being an historic
replica of the 1898 original. The original
design was not of high thermal efficiency
or power output since, as is typical
of locomotives of the time, it had a
saturated boiler, slide valve cylinders and
rudimentary draughting arrangements.
However, as an envelope within which to
work, the original external arrangement
of the locomotive has enabled the
incorporation of many modern design
features designed to provide superior

Narrow-gauge lines: a member’s view of the other UK rail network

I can hear
a hum from the back garden. It’s an electric
locomotive waiting at the signal before slowly
pulling its train of 16 loaded hopper wagons up the
gradient to the overbridge. That’s probably about
800 tonnes of mineral. It’s what railways do best
and what they were usually built for: bulk haulage.
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By contrast, the Lynton and Barnstaple Railway
is a narrow gauge railway, and these are oddities.
While the distance between the rails in standard
gauge is 4ft 8½in (1,435mm), that of narrow
gauge, technically, is anything less than that,
though in reality they range from 18-42in (450mm1,067mm) wide. Narrow gauge railways don’t
meet the standards of the ‘normal’ railway, are
incompatible, and now they are all relegated to the
heritage tourist industry. It wasn’t always so.

The be-all and end-all of the narrow gauge is
that it is cheaper to build than standard gauge,
which is particularly important for mountainous,
difficult country where the civil engineering is a
fraction of the cost. The ratio is probably more like
the square or the cube of the line gauge (areas
relate to the square and weights to the cube).
Moving earth around is an expensive business!
Also, narrow-gauge lines can also travel around
much tighter curves than the full-size.

www.ied.org.uk

PROJECT PROFILE

● Lineside fire risk should be minimised,
particularly as the railway runs through
Exmoor National Park.
This was a challenging brief, since
the line was built to the narrow gauge
of 1’-11½” to enable tight curvature
and reduction of earthworks by contourfollowing, and, apart from

The original loco dates
from 1898; it is pictured,
right, in Lynton in 1925.
The resemblance does not
extend to all internals

reference to the original 100 minute
timetable schedule. This enabled the
locomotive to be ‘driven’ along the
line. It provided the estimation of the
required performance, and the technical
improvements to achieve it. They include:
● The power demand required to keep to
scheduled time
●
●The evaporation and combustion
rates necessary to meet demand
●
●The total fuel and water
consumption and hence storage
capacity required on the locomotive.
The model provided design
guidance by establishing benchmark
design parameters for the locomotive’s
key systems. Each system was then
designed and reviewed individually,
knowing that achieving the benchmark
parameters ensured that the
locomotive would meet the requirement
specification.
The model showed that the initial 3.5
miles require only moderate power, but
once the serious climbing starts, high
sustained output is required, averaging
around 250 indicated horsepower, ihp,
with a peak at 15.8 miles just before
Woody Bay of 319 ihp at a speed of
22mph on the 1 in 50 gradient. Lynton is
reached, including stops at all stations
and halts, in 106.8 mins. Comparison

performance and reduced operating
costs compared to the original. The
railway’s commercial objectives
necessitated the unobtrusive inclusion
of modern design practice which, in
terms of a technology timeline, moved
the locomotive from 1898 to the 1950s.
Ultimately this provided performance
and operational improvements with low
technical risk, and avoided creating a
new locomotive using old technology
that might limit its useful commercial
operating life.
He stated the railway’s requirements
for efficient commercial operation:
● Haulage capacity should be increased
by 50% (to increase the original maximum
of four coaches, to six)
● Running costs should be minimised

the first three
miles from Barnstaple, the railway is
steeply graded at 1:50, which makes
operation very demanding when trains are
heavily loaded.
While it was fairly easy to establish
that it is possible to start and move the
desired maximum load, assessing the
practicality of generating sufficient power
to actually increase haulage capacity by
50% to six coaches, while keeping time,
A cut above: narrow-gauge railways require
required creation of a spreadsheet model
less earthwork (blue shading) in hilly contours,
of the railway and the complete
here depicted in elevation
train. The model was based on
relevant industry locomotive
Standard
test data and the original survey
gauge
documents, with every curve and

Narrow-gauge lines usually developed to meet
the needs of particular industries, such as slate
in north Wales, aluminium smelting in Scotland,
or sand quarries, but sometimes they were built
for transport – or, less frequently, for tourism. The
Welshpool line was, for instance, built to open up
the area.
During WWI, armies on both sides relied heavily
on narrow gauge lines, which could be laid and
lifted relatively easily, and were used to provide
transport of supplies, munitions and troops to
the lines – mechanised road transport being in its
infancy.

If the original purpose of the line had
been successful, then the narrow gauge
may have been upgraded to standard
gauge. But this was not always possible in
mountainous country. Sometimes increased capacity
was required, and this has led to some ingenious
engineering and some of the most creative examples
of (usually) steam locomotive design, such as the
double-ended locomotives on the Ffestiniog line or
the Garratt flexible locomotives, largely in Africa but
now imported into Britain to pull heritage trains on
the Welsh Highland Railway.
After WWII, road transport developed and took

speed restriction modelled, with

Narrow
gauge
over much of the need for small-scale
railways. Most lines became redundant, and were
taken over by societies and enthusiasts as the
tourist attraction itself rather than for transport.
Today, we enjoy the heritage, ingenuity and
variety, and tolerate the foibles of such systems.
Character is supposed to be what we love rather
than what annoysArthritis,
us!
rather than age, can be
-Dr Chris Dowlen CEng
REngDes FIED
CTPD
the dominant
factor
influencing

product design for older people

www.ied.org.uk
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Valve
Exhaust
Transfer

Steam Chest

Longitudinal section through the cylinder
and the steam chest



of the train speed with the permitted
line speed reveals that arriving on time
requires being able to pass through at
least one halt without stopping.
The model also clearly showed that
a high tractive effort is required, and
so fitment of reliable sanding gear was
essential because Exmoor is not always
bright and sunny; adhesion needs to be

maintained under all weather conditions.
Additionally, lubricant contaminating the
running surface of a locomotive driving
wheel can have an adverse effect on
traction. So, although the locomotive
bearings are grease- rather than oillubricated, which is a great help in
these situations, the use of a Porta high
adhesion wheel profile was specified for
the driving wheels to avoid any potential
problems. The Porta profile incorporates
a narrow ‘flinger’ groove in the standard
tyre profile near the outer edge to prevent
migration of contaminants on to the
contact patch area between the tyre and
the rail head.
The high power outputs mentioned
earlier require the boiler to generate
enough steam to meet the demand, which
in turn necessitates efficient combustion
of sufficient fuel to evaporate the water.
In its original form, the locomotive would

have been able to haul the train over the
line, but it wouldn’t have been able to
generate sufficient power to keep time.
Progress would have been slowed by the
boiler grate limit, which is the point at
which the draught passing through the fire
has such a high velocity that the firebed
becomes fluidised, and a high proportion
of the fuel fire is ejected unburnt from the
chimney. That would be bad news for both
the national park and for operating costs!
As combustion rates would be too
high for conventional firing without
excessive unburnt fuel losses, a gas
producer combustion system, GPCS,
is also incorporated. This is achieved
by entraining exhaust steam in the
primary air stream below the grate to
create producer gas (carbon monoxide)
that burns over the top of the fire in the
secondary air admitted through mixing
tubes in the firedoor. No energy is lost,

Key features

Benefit

Piston valve cylinders

Lower back pressure achieved by improved steam flow and reduction in energy
required to operate valves

●

Reduced cylinder bore with boiler pressure raised to
compensate to provide the same tractive effort

Reduction in condensation and flow-related losses

●

Limited full gear cut-off and long travel valves

Lower back pressure achieved by improved steam flow through larger port openings

●

Use of mid gear drifting with atomising steam

Prevention of cylinder cooling (no air drawn through snifting valves) whilst also
improving lubrication and thus maintenance

Improved boiler and cylinder insulation

Reduction in heat loss to atmosphere

●

Lempor exhaust system plus Kordina

Lower exhaust backpressure

●

Increase in boiler pressure from 180 to 250 psig

Reduction in water and fuel consumption

●

Superheating

Reduction in condensation losses in cylinders when working expansively

●

Gas producer combustion system and including the
required increase in depth of the firebox

Improved heat transfer arising from increase in heating surface; reduction in unburnt fuel losses
via chimney and associated lineside fire risk; no drop in performance due to clinkering

●●

Use of roller bearings in motion and axleboxes

Reduced friction and maintenance

●●

Future inclusion of feedwater heating using exhaust
steam injector(s)

Future improvement in thermal efficiency due to recovery of heat from exhaust steam
which would otherwise be lost to atmosphere

●

Use of Porta wheel profile

Avoidance of contamination of driving wheel contact patch giving improved adhesion
and therefore haulage capacity

●●

Porta boiler treatment or equivalent

Improved boiler cleanliness and therefore heat transfer coupled with fewer blow-downs and the
associated heat loss. Maintenance reduction due to reduced boiler repairs, cleaner steam
●
and fewer washouts

●●

●

Type of benefit

● Increase in haulage capacity through improved thermal efficiency or adhesion ● Maintenance reduction
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● Line side fire risk reduction
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PROJECT PROFILE

but the balance of energy
release moves from the
firebed to the burning gas
above it. This reduces
primary air flow through the
firegrate to about 30% of
that used with conventional
firing, greatly reducing
unburnt fuel losses.
Because the firebed burns
at a dull red, below the ash
fusion temperature, clinker
formation is avoided.
Having established

Where exhaust steam
from two cylinders meet,
a pyramidal ‘Kordina’
prevents backflow and
directs exhaust to a
Lempor ejector (top
and far right)

www.ied.org.uk

the power
demand
and the
evaporative
capacity
of the
locomotive, it
is also important
to minimise the amount of
steam required to generate
the necessary tractive effort.
A number of features were
included to achieve this.
First, the boiler pressure
was increased and the
steam superheated
before passing to the
cylinders in order to
reduce condensation
losses. Second,
the cylinders

Initially it was envisaged that the manufacture
of many of the components and erection of the
completed locomotive would be undertaken
using voluntary labour; however, it soon
became apparent that the scope and size of
the project necessitated the use of commercial
organisations to enable progress to be made
in a reasonable timescale. (To facilitate
concurrent design and construction, and thus
to stimulate fundraising, the order of design of
the key systems was agreed at the start of the
programme, and regular design reviews were
held when each key system was complete.)
Alan Keef: design and erect the locomotive;
manufacture key components
762 Club: fundraising and management of
subcontract parts manufacture
Bennett Boilers: boiler and superheater
supplier (selected by tender)
John Scott: Independent competent person,
Office of Road and Rail
Ian Gaylor and Mike Nelson: designers.
Gaylor is a former head of mechanical
engineering at Cranfield Institute of
Technology’s product engineering centre and
35-year veteran volunteer engineman. He was
responsible for the initial 2D design layouts
and calculations. Nelson, who spent 31 years
as design draughtsman and engineering
designer at Cambridge Consultants,
modelled the locomotive in 3D
using SolidWorks to create the
manufacturing drawings.

were better insulated
and designed with long
travel piston valves which
improves steam flow and
reduces back pressure. Finally,
the exhaust back pressure is further
minimised by the use of a Kordina
at the junction of the
cylinder exhaust
passageways before
passing into a
modern Lempor
multi-jet exhaust
ejector.
The model
predicts that
the locomotive
will be able to
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Key partners and personnel

PROJECT PROFILE

Technical specification of New Baldwin 2-4-2T ‘Lyn’

travel from Barnstaple to Lynton with five
or six fully-laden coaches by evaporating
around 1,955 kg of water and consuming
262 kg of coal, with adequate reserves.
The locomotive was completed in
July 2017 at a cost of approx £650,000
(although this included many parts
made at below commercial rates).
Commissioning and approval trials were
completed shortly after delivery to the
railway and a special event in September
2017 was held to mark her completion
attended by the many people who had
contributed to her construction.

CELEBRATIONS
The event was presided over by Sir
William McAlpine and the locomotive
was blessed by the Great Western
Railway Chaplin before a series of
special trains were hauled for the
supporters. The locomotive entered into
commercial service the following day
at the Railway’s Autumn Gala and has
since been shown to be a great success.
Two successful visits to the 25-mile long
Welsh Highland Railway in September
2018 and April 2019 has shown that,
as the Lynton and Barnstaple line is
extended, Lyn will continue to meet the
railway’s commercial objectives. The
locomotive has demonstrated that it is
able to haul six coaches on continuous
1 in 50 gradients and in addition has
demonstrated good fuel efficiency,
low water consumption and ease of
maintenance for crews and engineering
staff.
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Wheel arrangement

2-4-2T

Gauge

1ft 11½in

Length

23ft 9in (over buffer beams)

Width

6ft 8in

Height

8ft 11in

Weight

24.8 tons gross

Coal capacity

0.6 tons

Water capacity

660 galls

Boiler pressure

250 lb/in2

Combustion system

Gas producer combustion system with exhaust steam
admission into primary air stream below the grate

Grate area

8.1 ft2

Heating surface:
-Firebox

46.9 ft2

-Tube bundle

276.3 ft2

-Superheater

73.3 ft2

Cylinders

2x (8.66in bore x 16in stroke) with inside admission
ong travel piston valves

Exhaust system

4-nozzle Lempor system plus Kordina

Operating
temperature

1,000-1,200°C

Leading wheel diam. 1ft 10in
Driving wheel diam.

2ft 9in with Porta high adhesion wheel profile

Trailing wheel diam.

1ft 10in

Rigid wheelbase

5ft

Total wheelbase

18ft 3in

Tractive effort

7,027 lbs

Bearings

Roller bearings fitted to all axleboxes and motion including valve gear

Further information:
Video - www.is.gd/ripolo
Video, Welsh Highland Railway - www.is.gd/lufiya
Component design and construction - www.is.gd/buhuta and www.is.gd/yomadu
Lyn Design Calculations (book) - www.is.gd/epotuf
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INNOVATION MANAGEMENT

innovation
CULTURE

Innovation management systems in various forms have always been essential for continued
success, although not always widely understood. In this fifth of an eight-part series, Dr Benjamin
W Watson CEng CTPD CEnv FIED considers the importance of shared values and beliefs

I

nternational experts from more than
40 national committees have been
developing guidance for innovation
management, with standardised
terminology, tools and methods to manage
interactions between partners, how to
handle intellectual property, strategic
intelligence and, more recently, idea
management. This international guidance
identifies eight innovation management
principles central to success. Last edition
(March/April 2020, p13) explored how to
differentiate innovation-value as having
new social and commercial impact. That
followed guidance for organisations on
how to identify needs through data driven
insights and strategic foresights. Earlier
instalments addressed the importance of
handling uncertainty through innovation
portfolios and developing leaders.
During this time of increased
uncertainty, innovation management
can be leveraged as a framework for
organisational resilience, developing
solutions that maintain profitable growth
through disruption in a positive way. This
has become even more necessary for
organisations of all shapes and sizes
as we consider the ‘new normal’, the
new meaning and utility that engineering
designers will bring to life. Handling
uncertainty runs throughout each of the
IMS principles, including innovation culture.
We can understand innovation culture
as the foundation for your strategic
direction. Without the right culture, your
aligned objectives and your ability to

www.ied.org.uk

Innovation
Culture

5/

8

adapt will fail in the long run. The IMS
standard describes the importance of
“shared values, beliefs, and behaviours,
supporting openness to change, risk
taking, and collaboration” for innovation
culture. It continues: “To achieve
innovation, the culture must enable the
co-existence of the behaviours of creativity
and execution”.
Let’s consider possible actions to build
that culture. Whilst this won’t happen
overnight, we can certainly take the first
step in leading by example: being the
change you want to see, and truly putting
your people and customers at the centre
of this plan. A good place to start is
where you are. Consider where you would
like to go, and then build on what you
already have, for near-term and long-term
transformation.

The IMS standard offers this advice:
Promote diversity to encourage
different perspectives and to
maximise collective knowledge
Reduce hierarchy in organisational
structures through examples such as
self-organising teams
Encourage open networks for finding
opportunities to solve customer
problems
Build high levels of trust, collaboration
and safety for experimentation,
supporting and rewarding curiosity
Implement an innovation management
system that complements your quality
management system
Truly support leaders to foster and
continuously develop a culture that
supports innovation activities
Develop future-focused leaders who
balance near-term execution and longterm gains
Define, recognise, demonstrate and
develop the different behaviours
and personalities needed for innovation
success.

1
2
3
4
5
6
7
8

Dr Benjamin W Watson
International Expert Work Group for innovation
Management Systems. ISO/TC279. Innovation
Leader, 3M. Trustee and Councillor, Institution
of Engineering Designers. Contact Ben Watson
through the IED to learn more.
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In a matter of weeks, the University of Southampton has
developed a full-face respirator to help medical workers
working with COVID-19 patients. Associate Professor
Alexander Dickinson describes the project, whose
intensive development activity he characterised as much
like the assignments that the university sets its first-year
engineering students

P

ersonal protective equipment,
PPE, has been safeguarding
healthcare staff in work during
the crisis, and by protecting them
keeping them in work. But there have been

easily, as well as visibility, adjustability,
and stability of the mask, because users
would have to wear them while doing tasks
such as performing CPR or when bending.
The idea was that the device, named

The vacuum-c
d-drawn
The han
pec
design s
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well-documented shortages.
And there are issues with standard
equipment: mask respirators such as
FFP3/N95 designs don’t fit all faces. They
are uncomfortable for wearing all day; they
have to be test-fitted; they leak during use.
To respond to these issues, a
design brief for a powered air-purifying
respirator (PAPR) was received on 17
March from respiratory consultant
Prof Paul Elkington. Compared to
other mask respirators, the design
was intended to offer greater
efficiency of air filtration, protect
against droplets – which are
thought to be the primary route of
virus transfer for this virus – protect
against users accidentally touching
their face, and save time changing PPE
between patients.
PAPR is an established type of
respiratory protective equipment; not
at all a new concept. But a new design
was proposed because at that time
commercial devices were expensive
(about £1,000) and not very available.
We wanted to use off-the-shelf parts
and universal connectors to make
them our own.
In addition to that brief, potential
users gave us additional requirements.
Those included the ability to communicate

PeRSo, would be multiple-use, to last the
duration of the crisis, but for a single user.
This requirement restricted the range of
potential materials for the device, and the
way that it would be assembled.
It would also need to be easily cleaned,
decontaminated and removed. That’s
because doffing protective equipment –
taking it off at the end of a shift – is a high
risk point for accidental infection.
In 72 hours, we had our first prototype.
The device uses a HEPA (high efficiency
particulate air) filter, the sort of thing
that is in a vacuum cleaner to filter out
aerosols and the most common droplet
sizes seen in human respiration, talking
and coughing. In fact, not all HEPA filters
are the same; we tested two grades, and
ideally prefer H13/H14 grade. And there is
a centrifugal fan to power air flow, powered
by a battery. The whole device is worn
on the waist in a bag belt, and weighed
1.4kg. The hood is sewn from a Tyvek lab
coat, with a head harness made from the
brow guard of a hard hat. Semi-universal
connectors linked the filter assembly and
head to wide-gauge tubing.
A week later came the second
prototype, a design that included a more
sophisticated headband and hood harness
developed by partners at McLaren Racing
that directed the tubing from behind the
www.ied.org.uk

COVID-19

neck, over the head, terminating in a
diffuser just above the forehead. Both
horizontal and vertical head band straps
were adjustable. Kemp Sails also assisted
in developing a new hood design.
This version was used for tests
at University Hospital, Southampton.
Preliminary tests included qualitative fit
and filter tests: a non-toxic bitter aerosol
fluid made by 3M was sprayed around the
filter and outside the mask, and the user
was asked if they could taste it. (That
was followed by a second control test
with the mask off). To measure how the
filter managed with smaller particle sizes,

m-cleaner respirator
another user sensory test was carried out,
this time using cigarette smoke. Finally,
to test the equipment’s ability to filter out
biological organisms, an agar plate was
placed inside the mask, 1m3 of air was
blown through, and then incubated for 24
hours. It was compared with another plate
left open for the same amount of time in
the room. The mask plate had no signs
of growth, compared to 10 in the control,
which appear as small white specks called
‘colony-forming units’.

TRIAL RESULTS ENCOURAGING
User feedback was also encouraging:
testers said that the mask was not
claustrophobic, but made them feel safe.
One user reported that it was better than a
mask for communication; patients on the
ward like to see the wearer’s face; that
provides an improved care experience.
Others suggested that the design might
be updated to be off-the-ear, which might
make it easier to use a stethoscope.
We have published an open
specification of the device, available via
www.is.gd/quyiyu, and plan to publish the
full CAD data soon on an open-source
basis. Engineers working on similar
projects should consider any similarity
to existing products and intellectual
property, especially if they intend to make
www.ied.org.uk

good collaboration between the university,
commercial use of their designs.
the hospital and local industry, each
In late April, we had news that we could
contributing its strengths.
bring in the first devices into the hospital;
We have recruited a bigger team to
the first units of an initial batch of 5,000
develop a second version, PeRSo DW
made by initial manufacturing partner
(developing world), which aims
INDO, are now being used. A key part Hood harness
to optimise the design for
of in this implementation was the
cost for low-cost economies
hospital’s creation
by recycling or repurposing materials.
of protocols for
People in low and middle-income
how to clean
countries may be at particular risk if
and remove the
social distancing and isolating the
equipment to
vulnerable is more difficult, and we want
avoid accidental
to help however we can.
exposure.
Our prototype design was not
Breather tube
a product, and had not been tested
or certified to conform to a standard
such as BS/EN 12941, for respiratory
protective devices. A key reason for
our collaboration with INDO was for their
Threaded
expertise in turning the prototype into
connector
a product, including endurance testing,
quality assurance and high volume
Fan-tube duct
production. It and/or other manufacturing
partners will carry out testing.
Compared to the prototype, some
components may need to be redesigned,
Base unit
replaced or new parts manufactured to
containing fan,
enable scaling up production up to levels
filter, cover and
connectors
of many thousands of units per day, with
multiple manufacturers on board. We
are proud that this project demonstrated
17
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Background: Mercedes Fittipaldi/stock.adobe.com
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There’s been a lot of focus on Personal Protective Equipment (PPE) during the
early stages of the COVID-19 pandemic, with a variety of solutions popping up
to help plug the gaps in supply. There’s no doubt that this will remain important,
but as more people return to work physically we have new opportunities to help
reduce the spread of the infection. New ways of preventing transmission through
contact with physical surfaces (especially those used by high numbers of people,
such as door handles, taps, grab rails or light switches), will play an important
role here.
We’ve already seen examples of potential solutions to some of these issues,
for example the creation and public sharing of a 3D Printable hands-free door
opener design: www.is.gd/esojiq, pictured below.
If you’re thinking of doing something similar, here are a few things to consider
before you start:
What’s actually needed? Speaking directly with people in the organisations
needing solutions will help in a lot of ways. You’ll be able to get a clear idea of what
the biggest current need is, the size and shape of any existing objects your design
should attach to, and any details such as cleaning procedures etc.
Accessibility matters. Don’t forget that one size doesn’t always fit all - design for
inclusivity as well as simply for functionality.
What quantities are needed? This may affect your choice of manufacturing
method, but will also help you to understand what resources you’ll need.
How will you deliver the
products? The logistics of getting
the products where they are
needed will also take some
thought. You may also want to
provide instructions to help with
installation of the products in their
new environment.
Candice Majewski
lecturer, mechanical engineering
department, University of Sheffield
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I have developed a solution using a
simplified systems engineering approach.
This was a quick development process
but I generated some initial customer
requirements, conducted a number
of logical system methods and then
developed some initial system level
requirements. I sketched and generated
concepts throughout the process which
were then evaluated using a Pugh Matrixbased evaluation and referring back to the
developed requirements to verify.
The highest-ranked solution was to
use your own hand, due to the already
existing mental model and familiarity
of cleaning. I believe that if someone
is conscious enough to use a portable
door opening tool, they will likely also be
conscious enough to wash their hands
regularly. However, I am happy to have
that discussion. The second-ranked was a
simple cut sheet metal product which will
be low cost, storable, easy to clean and is
robust (pictured above).
Andrew Robinson CEng MIED

www.ied.org.uk

FROM THE DRAWING BOARD

The question is ‘How sophisticated do you want the
product to be?’ The simplest answer is,
‘A short length of tube of sufficient diameter to
rotate both inner and outer door handles with a foam
rubber pad glued to the end for push open doors.’
This is an item for individuals to carry and use. It
won’t last long, and the rubber needs to be wiped
with anti-bacterial gel. I suggest that 50mm plastic
plumbing pipe might suffice. See attached. I guess 20p/item.
To cope with round handles, the pipe
would need to be slotted at the
end (see sketch) to enable it to expand
over the handle and it would be fitted with a
folded back rubber sleeve to provide grip
and retain tension.
Cliff Bond MIED

The issue is transfer by hands opening
doors. Ideas ranging from removing doors,
removing latches to changing latches
to spring-presses are longer-term and
still valuable here. Quick fixes are ways
to operate existing doors without using
hands and in ways that do not promote
transfer from one person to the next in
ways close to the infection sites and key
transfer sites: hands, pockets etc... We
need a universal adapter that changes a
hand-operated handle into something that
can be opened with a different part of the
body and locks the door open, perhaps, or
holds the latch from locking. This will help
carers going to people’s homes. It will
also help in some caregiving situations.
Neville Clark
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Michael Baker
MIED

This is a Fren
ch invention
– Keyck – by
Probent. It ad
ds a foot pe
dal to any
door (picture
d below). It
looks a bit
clunky and
basic but do
es
the job!
www.is.gd/af
ubeq
Dave Drons
field

MIED

“The world is changing and we have to start
adapting to a new, more germ-conscious way
of living,” say the inventors of ‘Hygiene Hand’,
which was designed by a retired New York City
emergency response technician. The key chain
tool is made entirely from a solid piece of brass,
a material with antimicrobial properties, to help
decrease the spreading of germs It is said to
offer a better way to open doors and use shared
surfaces like store checkouts or cash machines.
www.is.gd/ukugom

www.ied.org.uk
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Although demand continues to rise among consumers for in-car infotainment such as music,
navigation and messaging, many road safety studies have demonstrated the grave risks of driver
distraction. However, a technological solution may be on the horizon

A

lthough mobile phones
used to have buttons, and
although desktop computers
still predominately come
with keyboards and mice, touchscreen
technology has completely changed
the way people interact with electronic
devices, and helped catapult the
smartphone and tablet computer into the
households of hundreds of millions of
people around the world.
Such rampant consumer popularity,

Handsfree: integrated.
But is it safe to use?
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Out of touch

combined with enabling growth in
connectivity, has driven the integration of
touchscreen microcomputers into other
types of devices, from consumer white
goods to public kiosks to other equipment.
And most modern passenger cars
now incorporate a touchscreen display,
of varying degrees of sophistication. At
one extreme, both Apple and Google have
launched car-based infotainment systems
that link smartphones to a dash display
running their familiar iOS and Android
phone operating systems. Android Auto
was launched in 2015 and is supported
by automotive manufacturers through the
Open Automotive Alliance; Apple CarPlay
was introduced in 2014 and is licensed
by major brands. Since then, the software
has continued to develop, so that it can
even operate some automotive systems
such as climate control.
Rather than a console fitted with dials
and buttons, many cars’ dashboards now

come fitted with a touchscreen panel
to navigate through systems such as
these. Evidence suggests, however, that
touchscreen displays may not be the right
interface to have in a car.
A Transport Research Laboratory
study commissioned by IAM Roadsmart
and published in January 2020 studied
the effects of using both the Apple and
Google systems on driver performance in
a car simulator. It found that it suffered
dramatically when using the touchscreen,
reducing drivers’ ability to keep in a lane,
their ability keep a constant distance from
the vehicle in front, and their ability to
notice a new stimulus in their vision. Using
such systems increased reaction times
significantly. In the worst case, using the
Spotify music streaming service via touch
increased response times by 53% and
57% for Android Auto and Apple CarPlay,
respectively, compared to a one-second
response time when not distracted.
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DISTRACTION STANDARDS
The European Union General Safety
Regulation, coming in 2022 for new vehicle
types and 2024 for all vehicles, includes
warnings of driver distraction and drowsiness
for cars, vans, trucks and buses.
TRL’s Neale Kinnear states that a
stakeholder panel of manufacturers is
involved in developing those systems, but the
trouble is that no specific tests exist for driver
distraction.
Without tests there are no way to compare
systems, and no standards can be written.
He adds that driver distraction may prove
to be of even greater safety significance as
automation systems take a greater share of
driver duties.
He says: “For safety’s sake, the system
needs to check that the driver is paying
attention before it does that. It is more
and more important to agree on a testing
framework for standards.”

Neale Kinnear, TRL head of behavioural
science, states that driver distraction is
a significant risk factor in crashes. One
study found it was a contributor to 10-30%
of crashes; but the real number is probably
higher. A study from the US National
Highway Traffic Safety Adminstration found
that in 93% of rear-end collisions involve
driver distraction.

ONE-TRACK MINDS
This is because of the limitations of the
human brain. Kinnear explains: “People
can never really focus on two things at
once; the brain simply switches between
them. And when that happens, their
performance suffers.” Driving, he says, is
a complex activity that includes perceptual
sense, motor controls and emotional
regulation. Including a secondary task
reduces a driver’s attention, which means
that they are less able to predict what
might happen in front of them.
When required to process a second
activity, drivers tend to reduce their speed
when they are distracted, to free up their
mental capacity, continues Kinnear.
But that doesn’t offset the impact to
driver performance. Instead, they tend to
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perceive only the road ahead and ignore
the periphery. That means that they are
less likely to identify unexpected car
behaviour. When they do identify them,
they take more time to react.
Touchscreens are particularly bad in
this context because they depend on
hand-eye coordination. Since the only
feedback they offer is visual, any use
requires looking away from the road. Any
touchscreen-based task requires putting
a finger on the right part of the screen at
the right time; a shaking car can make
that task more difficult. As Kinnear puts
it: “From a human factors point of view,
touchscreen technology doesn’t suit invehicle devices, unless they are supported
by a good voice activation system, or
unless you don’t need to use it when you
aren’t stationary. Going back to buttons,
from a human factors point of view, would
be beneficial.”
He concludes: “The visual part of
driving is most important. Drivers [having]
their eyes on the road is important to
understand the traffic flow, as well as
anticipating and predicting what will
happen. The more time their eyes are
off the road, the greater the risk. Drivers

taking their eyes off the road for a twosecond task can double the crash risk.”
That’s why both Android Auto and Apple
CarPlay include voice-activated features
and functionality; Apple using its Siri voice
interface, Android using Google Assistant.
The study tested this, and confirmed
that voice control massively reduced the
amount of glances away from the road,
and those mainly to check that the system
had understood the voice prompt.
That doesn’t necessarily mean that
voice commands are safe. The study found
that even those reduced distraction levels
were still high, in some cases. And even
though most drivers now acknowledge
that using a handheld mobile phone while
driving is an unsafe practice, the evidence
suggests that using a handsfree mobile
device distracts drivers just as much as
handheld devices, according to Kinnear.
But while one of those practices has
been made illegal and carries the risk of
sanction (£200 fixed penalty charge, plus
six points, with the possibility of greater
punishments imposed in court), the other
is installed in many production vehicles
as standard, and tacitly approved by
enforcement authorities.
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For drivers, the voice may
become mightier than the finger

The problem is that here, as in many
other areas, laws haven’t kept up with
technological developments. States
Kinnear: “People generally look to
regulations to inform them about what is
safe, or not. I don’t think that there has
ever been a real drive to inform the public
about the cognitive impact of speaking on
the phone. It is very different to speaking
with someone in the car. The other party
can regulate the conversation depending
on what they see; the person on the
other end of the phone can’t. Given the
prevalence of phone use in vehicles, even
handheld phones, it seems that the battle
is largely lost. This is definitely something
where we need to look to technology to
manage this situation now.”

THE ALTERNATIVE
According to Andy Peart, chief marketing
and strategy officer Artificial Solutions,
artificial intelligence (AI) will be able to
solve this problem, and a host of other
design issues in the future, by providing
an augmented voice-activated service.
He says: “Conversational AI will drive a
paradigm shift. Why should we have to
learn all of the features or functions of a
car: how to turn the heating up, to switch
the radio station, to set the satnav. Why

can’t we just speak, and tell it what we
want, and the technology will understand?
This is now within our grasp – it’s what
conversational AI can do.”
He characterises the current state of
voice-activated technology as rudimentary
command and control: ‘Play Ed Sheeran’;
‘Turn the heating up’. Each command
is separate, because the system can’t
retain the context of a conversation. He
explains, “Today, if you said to [Amazon
proprietary voice interface] Alexa, ‘What is
Ed Sheeran’s latest album? Can you play
that?’ It wouldn’t understand the second
request. It needs memory to be able to
provide context.
He explains that AI-based voice
technology has three components. An
automatic speech recognition system
transforms an audio signal into a digital
interpretation of the words. The central
brain uses natural language interaction
processes to interpret what has been
said, and then go off to find the answer
via web search, for example. When it
receives information, text-to-speech
software transforms the data into an
audio signal.
Peart asks a rhetorical question:
“Why aren’t there more systems? Why
aren’t they better?” He continues:

“Building conversational systems is
difficult, because language itself is
difficult. It is complex. Think of all of the
ways that there are to say yes – there
are hundreds.” Instead of listing all of
those ways in a lookup table, software
developers making a voice system can
instead turn to artificial intelligence to
help map the relationships between
words and sentences. Although he
admits that current technology remains
imperfect, it will continue to improve,
eventually providing a proactive service
that can prompt and advise.
Peart predicts that, along the way,
vehicle OEMs will develop their own
interfaces. “They have invested millions
in brand personae. Why would they
throw all of that away and give a generic
interface to Apple? Why not control that
experience and manage it themselves?
And then they can learn from that; they
capture the data. There’s a marketing
argument for why manufacturers would
want to take control of voice systems.”
Peart says that he believes that
the industry is close to a tipping point
toward conversational AI, supported
by the popularity of in-home systems
such as Amazon Alexa. Anecdotal
evidence also backs up that trend, he
concludes: “Already we’re seeing the
marketing advantage of this kind of
capability. Both my son and daughter
both recently bought cars, and ironically
one of the key factors for them choosing
the car was that it had voice control.
Manufacturers will respond to what we
want as customers, and increasingly this
capability is going to become more and
more important. In the next five years,
we’re going to see much more human-like
voice-activated systems
in cars.”

CAB MOUSE
One truck manufacturer avoiding the pitfalls of a touchscreen navigation system is MAN, part of
the Volkswagen group. The new cab included in its refresh of the TG model series earlier this year
features an infotainment and navigation system displayed on a 12-inch screen that is controlled
by an integral rotary push-button selector into the dashboard: the MAN SmartSelect. It can be
operated blindly via a tactile menu selection ring.
The company says, “Supported by a palm rest, the infotainment system can be operated safely
and intuitively via MAN SmartSelect, even given the vibration influences of an air-sprung driver’s
seat – always while maintaining a comfortable seating position.”
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Celebrating engineering’s role in fighting the Covid-19 pandemic
The way engineering and manufacturing have
stepped up during the Covid-19 pandemic to
address shortages of medical and protective
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Building

bridges

The first large-scale use of the synthetic fibre polyester for bridges
was installed in Morocco in 2013. Since then, having assessed it
regularly and exchanged one rope, one of the engineers involved
remains optimistic about its use in other civil engineering projects

W

ithin rural areas of
developing countries, trail
bridges can make the
difference not so much
between getting your feet wet when
fording a river to market, but being able to
travel at all. Such was the situation in Ait
Bayoud, a remote village in rural Morocco,
where seasonal flooding of the Tagawowt
river can block villagers’ travel to the
closest town and its medical facilities.
A volunteer with the US charitable aid
organisation The Peace Corps stationed
there appreciated the significance of
the river crossing to the well-being
of the village. Looking for help, Nina
Morency-Brassard contacted her old
university’s chapter of international
voluntary organisation, Engineers Without
Borders, which aims to help improve
living standards around the world.
This organisation is run and staffed by
students, with advice and support from
industry and professional engineers.

One of the latter is bridge engineer
Ryan Woodward PE, now COWI senior
engineering manager, who recalls having
heard about the summons when a
teaching fellow at that school, Columbia
University in New York City. Although no
longer at Columbia, he remains technical
lead and project facilitator of its EWB
chapter.
At the time, he shared an office with
Theodore Zoli, a designer of cable-stayed
bridges who was an adjunct professor
of civil engineering and engineering
mechanics. He foresaw great potential
in the use of polyester rope in civil
engineering, such as trail bridges. “I put
two and two together, and suggested that
this was the right place to do this,” recalls
Woodward.
Although polyester ropes are used
in mooring ships, there was almost
no precedent of using the material as
structural members in a bridge. But
Woodward explains that its material

INSPECTIONS
Because the team is so uncertain of the rope’s fatigue
limits, the principal load-bearing members of the bridge are
meticulously visually inspected every summer by teams of
students (although this year’s plans have been disrupted by
Coronavirus). Such inspections would show up damage to the
exterior strands, Woodward points out. And there are other
signs to look out for, such as if the bridge develops a tilt. That
is one of a list of factors watched for by the village’s so-called
‘bridge committee’.
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characteristics made it the best choice
for this project: it is strong, low-cost and
lightweight. Site access difficulties meant
that the rope could brought to site in
backpacks. This was significantly easier
than organising whole teams of workers
to drag wire rope along footpaths, which
is not only heavy but also sensitive to
twisting.
Woodward adds that the polyester’s
light weight didn’t affect its properties as a
bridge material. “Once we pulled the rope
across the ravine and started applying
tension, the amount of force that we have
to apply is ultimately related more to the
geometry, sag, span, and modulus of
elasticity of the material.”
Compared to the more conventional
bridge material steel wire, the material
is floppy (non-rigid), stretchy (high static
modulus of elasticity) and bouncy (high
dynamic modulus of elasticity). These
characteristics are exaggerated by the
simple 64m-span hanging suspension
bridge design employed at Ait Bayoud; for
all of these reasons, the bridge sags.
Two 1.5m-high poured concrete bridge
towers support hand ropes at either
side of the bridge; there are six of those
ropes, three a side. Four others support a
wooden deck that rests on top of them.
Mitigating one of the material’s
drawbacks – its relatively high creep
(stretch) under load, compared to wire
rope – involved a major effort. As the
team knew that some 80% of that creep
is expected to occur in the first year of
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Rope
prestressing
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appropriate in the west is another issue.
In 2018, five years into the 15-year
estimated design life, the team replaced
the main rope that had been slightly
damaged to gather in-service data. Ten
samples were taken back to laboratories
at Columbia University for tensile testing.
Student Erik Melicio, who was involved in
the testing, reported that the rope damage
made almost no difference to the pull-tofailure strength tests carried out in the
lab, but UV exposure might well have, as
the samples were about 25% weaker than
reference samples cut from a new sample
of the same design, Tenex TEC rope from
the supplier, Samson.
Because this vulnerability was not
well-understood at the time of installation,
the rope was exposed to a blazing hot
African summer sun during the year of
prestressing. (He cautions that the effect
of this UV sensitivity was accentuated
in this particular case, and doesn’t
necessarily reflect a general UV weakness
on the part of polyester). In fact this
degradation was well within the safety
margin, as the designers, lacking good
data, assumed a 50% degradation in
strength over its lifetime.
And, unlike steel, polyester does not
corrode in contact with water. Woodward
points out that while wire strands used
in standard bridge construction are
galvanised to protect them from rusting,
charitable trail bridge projects tend to
employ donated wire rope. During their first
operating life, these steel braided cables

were protected
from the elements by grease. But when
used to support static applications such
as bridges, they are often painted. And
the free ends to one side of the anchor
are often buried. Both practices are
problematic, points out Woodward. Paint
(or earth) obscures the rope, making it
difficult to inspect. Painted ungalvanised
wire ropes used on the Williamsburg
bridge were found to trap moisture,
leading to uncontrolled and invisible
internal corrosion. Finally, paint is not
necessarily a secure protective covering,
as it only takes a small crack or chip in
the paint to let in moisture.
For all of these reasons, Woodward
says that he is optimistic about exploring
the potential of the material in other civil
engineering structures. When asked if
we should be open-minded about new
materials, he responds: “Absolutely. The
use of different materials in engineering
should not be viewed as an obstacle to
the right solution.”

Atlantic
Ocean

Morocco
Ruslan Olinchuk/stock.adobe.com

service, the rock anchors and towers
were installed, ropes strung into place,
pretensioned, and then left to prestress
for an entire year. In the end, the team
estimated they stretched about 64mm.
After the boardwalk-like deck was built,
the six main 19mm-diameter cables were
sheathed in used fire hose. This was to
mitigate three other relative weaknesses
of the material: it is easily cut and abraded
(before the hose was installed, one of the
ropes was nicked slightly when in use);
it will burn if lit; and it is vulnerable to
degradation from UV radiation in sunlight.
By western standards, the pedestrian
bridge, commissioned in 2013, is
somewhat arduous to use, being both
steeper at either end (on account of the
sag) and bouncier than those made from
stiffer materials such as wire rope. The
engineers studied means of stiffening
the design, using either mounted stays –
which have the disadvantage of requiring
additional anchorages being installed – or
with weights. But they have not made any
changes.
Explains Woodward: “This bouncy
behaviour is not necessarily negative.
We haven’t received any criticism about
its bounciness. I think because people’s
experiences set the tone for how they
encounter something new.” In other words,
lacking any western preconceptions of
bridge stiffness, and knowing the lack
of travel alternatives when the river is
high, villagers have not objected to its
wobbliness. Whether that would be

★
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Downhill
from here
CanSat asks A-level engineering students to design and build a drinks-can-sized satellite over the
course of an academic year. Dropped several hundred metres above the ground, the device is required
to transmit real telemetry data as it falls

A

llestree Woodlands secondary
school and sixth form in Derby
has won the UK round of the
pan-European competition twice:
in 2018 and 2019. Computer science
and assistant head teacher Greg Duffy,
who is the school’s organiser and also a
STEM ambassador, calls the event ‘almost
unique’ among engineering competitions
because of the breadth of work required;
not only must students progress from
initial concepts all the way through launch
and analysis and evaluation of the project,
but they have to tackle many disciplines,
not excluding mechanical, electrical, radio
and parachutes.
Adds Duffy: “Each aspect of the can
has to be built from a blank sheet of
paper: electrics; the electronic layout, the
design of the PCB; how it all fits together.
They have to make design decisions that

work together. The coding team has to
design code loops that cope with the
sensors and package the data up and
send it over radio. Mechanicals have to
design something that will contain and
protect the sensitive electronics.
“Quickly, they become experts. Very
soon in the project they come to know
more about the design than me.”
The task’s primary mission is for the
machine, weighing a maximum of 350g, to
sense temperature and pressure data and
transmit them via radio as it falls through
the air, in more or less the same way that
its larger orbiting kin do. The descent is
aided by a recovery system such as a
parachute. Participants also have to set
up the ground station receiver (modified
laptop) that records the data.
At Allestree Woodlands, the
competition team, which consists of about

20 students, meets once a week to catch
up. In their own time, team members work
on separate subsystems: mechanical,
electrical, structural, parachute and
coding. Duffy advises the student
engineers where to go to find answers: the
maths department for help with equations,
for example, or DT for help with the
structure of the can and 3D printing.
Students can spend no more than
£400 for CanSat materials (though more
on tools and supporting equipment). That
means that part of the project involves
fundraising. At Allestree Woodlands, that
included mentoring and collaboration
support from space tech company
Vorticity, in the form of the time of lead
engineer Dr Aaaron Saunders. He didn’t
think that anyone had considered the

CanSat Diary: the experience of Newham Sixth Form College
Before the COVID-19 lockdown began in March, CanSat newcomers
Team Aero from London secondary school NewVIc participated in a
regional CanSat launch in Elsworth, Cambridgeshire organised by Raptor
Aerospace, alongside five other teams. Kestrel-75 payload rockets were
used for the launch reaching an altitude of 300m before deploying the
CanSat. Teacher Barbara Walsh was there. She reports:
“Shortly prior to launch, the team discovered a design flaw which
meant that they could not launch. Undeterred by adversity, the team
quickly thought of a workaround which would allow the CanSat to fit in
the rocket, and worked well as a team to resolve the issue. However, in
their eagerness to resolve one issue, they damaged their microcontroller IC
[integrated circuit].
“There was a moment of despair before the team rallied. Luckily they
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had brought spare parts,
and were able to program
a new IC and get their CanSat working again, to great jubilation
among the team. Team Aero’s CanSat was loaded on to the rocket. All was
well until moments after launch, when the rocket flipped over and crashlanded. Although the CanSat was launched, it didn’t reach altitude, and
was destroyed.
“What an exciting day with highs and lows. While team members
understandably were disappointed with the final outcome, it was an
invaluable learning experience for them. The really got to see the successes
and failures that professional engineers experience during their careers
and showed that they have the skills and qualities needed to work in this
challenging field.”
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potential of non-Newtonian fluids for
protecting payload from impact, so thought
it would be useful to get some data. “So
that became the secondary mission,”
reports Duffy, another part of the project in
which students devise the goal as well as
the technical solution. (In the event, actual
data collection was limited by the budget
accelerometer used, whose rather low
frequency of data collection, 10 cycles/
sec, was not sufficient to capture the
moment of impact).
That kind of frustration was typical of
the students’ experience, Duffy recalls.
When asked if things often go wrong during
the build, the teacher replies: “Totally.
The phrase is, ‘space is hard’. I haven’t
seen a CanSat team yet which hasn’t had
real technical challenges. They are using
budget electronics; any number of things
can go wrong. That’s part of the fun of it.
Students face significant challenges, so
they get a sense of achievement beyond
building a working satellite. There are
hundreds of challenges that they have to
overcome on their journey.”
Sadly, the challenge is too great for
some. Schools are required to submit
their intention to take part in June, and
then submit a first report on the project
in September, and a second in February,
after which they are invited to a regional
launch event. The ten teams who are to
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that microprocessor’ – then more schools
would make it. And then they could launch
at regionals. Instead of 24 we’d have
65. That’d be amazing, to have all of the
students having that experience.”
What is clear is that those who
participate gain from the project, win or
VITAL SUPPORT
lose. Some of the participants at the school
The involvement of the engineering industry
have gone on to become apprentices
could make all the difference to those
at Rolls-Royce in Derby, buoyed up by
struggling teams, he contends. “The UK
their CanSat experience. One student in
has won the European competition twice in
particular, Daisy Richardson, switched
the 12 years it has been running [in 2012
her career intentions from theoretical
to the Alpha team from Bearsden Academy
astrophysics to work on satellite design
in Glasgow; in 2015 from St Paul’s School,
and manufacture as an intern at space
London]. It’s possible that a UK team could
technology companies. She, part of the
win again. But we need the support of UK
2018 winning team, was also invited to
engineering and technology companies. To
the UK Space Conference, where she and
students, the CanSat judges often say, ‘I
teammates also had the surprise pleasure
would like to have people like you on our
of meeting, and speaking with, astronaut
team.’ This would be a great way for them to Tim Peake. “I kept having to tell Daisy to
spend a small amount of money to recruit. If
breathe,” laughs Duffy.
more were involved in the early stages, then
She was one of the six-student hard
maybe more teams would have made it to the core of the team taken to attend the 2018
second report. I remember how hard it was in CanSat final, in the Azores, with some
the first year. It would have been very easy to 20 other national winners across Europe.
give up.”
Duffy described the event as feeling
He continues: “It’s a tough project, and
‘more like Bake Off than the Olympics’.
you can meet points where you can’t see your He explains: “You’re constantly wowed by
way through. With a bit of support around you what the teams are doing. There’s a good
from the right people in a hackspace – those camaraderie; there’s a lot of cross-support.
who can say, ‘this is what’s wrong with your
It’s not an intense atmosphere; it’s a
code’ or ‘here’s a different way of using
friendly competitive environment.”
compete in the final at the National STEM
Centre in York are selected on the basis of
those reports. Although the 2019-2020 UK
competition had the most teams ever to
apply, only a third made it to submitting the
second report.
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Debt recovery
during COVID-19
Faced by cancelled events, frustrated supply chains and inability to perform services has left
many businesses in a precarious position. Discussing their options are Wright Hassall legal
manager and debt recovery department associate Kalpesh Patel, partner and head of dispute
resolution Gemma Carson and debt recovery department partner Phil Wilding

S

mall to medium enterprises (SMEs)
are reported to be experiencing
significant decreases in revenue
due to the impact of COVID-19, with
some facing reductions in revenue of
up to 50%. In these unprecedented
times, chasing unpaid invoices can be
a drain on already-depleted resources,
but it is critical to their survival. Many
businesses simply do not have the
resources to put towards reviewing
aged debts and chasing customers for
payment. Alternatively, other businesses
have elected not to chase customers
for payment at the moment, including
debts that were long overdue before the
pandemic struck.
Take one scenario. Your business
may have been seeking recovery of

Gemma Carson
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debts informally for some time before
Coronavirus intervened, and you may be
aware that the company, or individual,
owing you money has sufficient assets
to satisfy your debt. While caution has
to be exercised when commencing legal
proceedings, key stakeholders within
businesses need to ensure they are in
the best position possible to recover
their money once the economy has
stabilised and should not be deterred
from acting now to ensure their business
is protected. Recovering monies due
now will give you the best possible
chance to improve cashflow and weather
this storm.
There’s no doubt that it is now
easier than ever to pursue customers
for unpaid invoices through the small

claims process, designed to assist
individuals and SMEs to claim debts
of up to £10,000. It even includes
a free mediation service to help the
parties reach a settlement if a claim is
defended. As opposed to fast and multitrack cases, which can be onerous in
terms of court document preparation,
the small claims process is streamlined
and will often simply require parties to
file and serve a Witness Statement and
evidence upon which they seek to rely
upon 14 days before the hearing.

TREADING CAREFULLY
Debts above £10,000 fall outside the
small claims process and need to be
treated carefully. Typically, there are
several directions/deadlines that need
to be complied with and failing to do
so can jeopardise the success of your
case. Seeking professional legal advice
before pursuing such a claim is highly
recommended.
Despite the widespread disruption
caused by COVID-19, the courts continue
to process debt recovery claims,
although processing times have been
impacted. Therefore, getting your claim
off the ground at this early stage is
imperative to ensure the resolution of a
matter at the earliest opportunity. This
will be easier once court processing
times pick up and we progress out of
lockdown.

Kalpesh Patel
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Importantly, businesses should bear in
mind that the legal process can provide
them with the opportunity to obtain
forms of security (such as charging
orders) if a county court judgment is
obtained that can boost their chances
of recovery if debtors are liquidated in
the future. Court is only really a sensible
option if the customer not only refuses
to engage in the debt recovery process,
but also has the funds to cover the
unpaid debt. Otherwise companies
could face a situation whereby they
are throwing vital cash and resources
towards a debt where a recovery is not
likely.
If court action is deemed necessary,
companies should seek legal advice.
Once one engages with the court
process, there are rules to follow,
and any mistakes could reduce
your opportunity to recover the debt
successfully. A key part is gathering
appropriate evidence, such as
copy invoices, contracts and any
correspondence exchanged between the
parties.

GOOD CUSTOMERS
Many parties to a contractual
arrangement will have long-standing,
good working relationships. Concerns
over its ability to pay, which have only
arisen as a result of the pandemic,
need not be the cause of a relationship
breakdown. It is critical to communicate
regularly with the other party about
your respective positions, plans for

Phil Wilding

payment, terms and conditions of
payment and what steps each party
can take in default. This may include a
mutual agreement to vary the existing
contractual payment terms, while
providing both parties with the certainty
required. Communication in these
circumstances is vital. There may also
be security options which could be
explored, with the right advice.
Even if businesses can afford to wait
for payment, they still need to be careful
not to waive their standard payment
terms or ability to demand payment
within a specific timeframe at a later
date. It should be made clear in writing
what the terms of any payment plan will
be, and the consequences for further
default. This will provide both greater
certainty going forward and terms
that can be enforced at a later date if
necessary.
Businesses that cannot afford to
wait, because doing so would risk their
own insolvency, need to consider taking
steps to force payment. They need to be
careful that other parties are not hiding
behind the pandemic as a reason to
delay payment to protect their own cash
flow.
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Outsourcing the debt collection
strategy to a service provider with a full
solution, from pre-legal through litigation
to enforcement, will show a clear
escalation process to debtors. Some
debt recovery agencies will not have the
capability to issue legal proceedings
and/or deal with defended claims. In
essence, they may need to outsource
legal proceedings and defended claims
to solicitors, further distancing claimants
from the process and potentially
increasing costs.
Firms will often specialise in certain
types of debt recovery; for example
firms may specialise in property-related
recoveries, that is, rent arrears and
service charges or manufacturing debts.
This allows them to understand the
situation quickly and apply tactics learned
through addressing similar challenges
in the past. In many sectors, common
themes with disputes or issues will arise.
It’s important to remember that disputed
debts can raise a number of complex
issues in different areas of law.
It’s also wise to think about the costs
of recovering the debt; for example,
London-based debt recovery agencies
are likely to charge more than regional
firms. Also, pricing models differ;
some firms will charge on commission
and others on fixed fees. Firms may
also have different pricing models for
disputed debts.
Disputes are best settled out of
court, predominantly to save on costs
of lengthy litigation. So, it would be
best if claimants exhaust all reasonable
options before commencing court action.
This can include without-prejudice
discussions and/or
settlement negotiations.
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Selected and edited published applications from recent
editions of the patents journal. This month is Category E: ‘fixed constructions’
Neural network models for realtime optimisation of drilling
parameters during drilling
operations

GB2578700

Srinath Madasu, Keshava Prasad
Rangarajan, Nishant Raizada
Landmark Graphics Corp

Method and system for
analysing a drill string stuck
pipe event

GB2578542

Feifei Zhang, Dale E. Jamison, Yi Pan
Landmark Graphics Corporation
The present description relates in
general to methods and systems for
analysis of the occurrence of a drill string
becoming stuck in the wellbore in a
drilling operation. At least some drilling
operations involve rotating a drill bit at
the distal end of the pipe, sometimes
called ‘drill string,’ and transmitting
rotary motion to the drill bit using a
multi-sided pipe known as a ‘kelly’ with a
turntable. As drilling progresses, drilling
fluid circulates through the pipe and out
of the drill bit into the well bore, serving
to remove materials, sometimes called
‘cuttings,’ as the drill bit loosens them
from the surrounding rock.
Drilling operations are extremely
expensive and time-consuming, and
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nearly one-third of the drilling time lost
is caused by stuck pipe incidents and
about half of these incidents are related
to insufficient hole cleaning during drilling
or cuttings accumulating behind large
diameter tool joints. In many cases, these
incidents are preventable if early signs
are detected and timely measures are
taken, especially if the stuck pipe event
is caused by solid agglomerations (mainly
drilled cuttings) in the well bore.
Stuck pipe events can be avoided if
the accumulation of cuttings around tool
joints is modelled. The method includes
receiving a plurality of parameters from a
drilling operation, including cuttings bed
height and friction factor between drill
string and well bore. The method further
includes applying the parameters to a
friction model. That utilises a function
of the cuttings bed height to determine
a comprehensive friction factor which
is applied to drilling parameters to
determine a required torque or hook load
of the drill string.

A number of sensors or measurement
devices may be placed in close proximity
to the drill bit to measure downhole
operating parameters associated with
the drilling and downhole conditions. The
measurements captured by such sensors
may be transmitted to a computing device
of a drilling operator at the surface of
the borehole for purposes of monitoring
and controlling the drilling of the well
bore along a planned path over different
stages of a drilling operation. When
making decisions for effectively planning
and implementing a well plan, the drilling
operator may need to constantly monitor
and adjust various parameters to account
for changes in downhole conditions as
the wellbore is drilled through different
layers of the formation. However, this may
prove to be difficult due to the complexity
of the underlying physics and engineering
aspects of the drilling process in addition
to the inherent uncertainty of the data
captured at the surface and downhole.
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In one or more embodiments, a
neural network model with stochastic
optimisation based on Bayesian
optimisation (BO) may be used to
optimise variables such as hydraulic
mechanical specific energy (HMSE) and
rate of penetration (ROP) for each stage
of the drilling operation.
A computer system may be used for
real-time modelling and optimisation
of drilling parameters over different
stages along a planned well path as
part of an automated control system
for steering a drill bit along the well
path by mathematically coupling the
neural network model with the real-time
drilling data and various non-linear
discontinuous constraints associated
with the different stages of the drilling
operation at various depths or points
along the well path.

Sand screen system with
adhesive bonding

GB2578971

Andrew David Penno, Maxime Philippe
Coffin, Stephen Michael Greci
Halliburton Energy Services, Inc.
In hydrocarbon-producing wells, sand
screens may be used to filter sand and
other debris out of production fluids.
Instead of welding these components to
a tubular, which is technically challenging,
they may be chemically fixed to the
tubular using a composite resin or other
adhesive (for example, a mouldable
material) to create a sand-tight seal.

A reinforcement unit and
methods for creating a
footing for supporting a
structure

GB2578691

Wear sleeve

GB2577224

Robert Earhart, Matt Clark
Glen Raven, Inc

Michael J Levchak, Alexei Korovin
Halliburton Energy Services, Inc.
Non-conductive fiberglass composite
wear sleeves provide protection of
sensitive parts and seal out drilling
fluid/mud. Manufactured from spun
glass set in thermosetting polymers
such as epoxy, polyester resin, or vinyl
ester, they have proven to be unreliable
due to their limited physical properties
under downhole conditions, especially
at extreme pressures and extreme
temperatures.
A one-piece fiberglass-composite
sleeve is replaced with a three-piece
wearable sleeve consisting of metal end
rings (for sealing) bonded to a centre
section of the wearable sleeve. The
wearable sleeve may be made from
chopped fiberglass filled rubber, such
as nitrile butadiene rubber (NBR) or
Viton. The rubber material is compliant
as compared to the stiffness of the
fiberglass composite. The metal end rings
allow for a proper seal to a metal tubular
component, such as a collar.
Because the metal tubular component
and the metal end rings are of a similar
material, the collar and the metal end
rings will expand at relatively the same
rate under temperature, which provides a
better seal.
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or unexpanded) position, the temporary
cover may be stored flat or rolled up for
ease of storage and transportation when
not in use. When the plurality of supports
is in the second (upright or expanded)
position, it provides structural support to
the sheets of material in use.

Temporary cover

GB2578553

Reto Togni
Royal College of Art
There are many situations in which a
temporary window or door cover may
be needed. It is not always feasible to
insert/replace the damaged window/
door with another permanent one
straight away. Boarding up the window/
door with wood and nails prevents light
from entering the building which is very
undesirable in buildings that people
continue to inhabit. Attaching a sheet
of plastic material across the opening
provides only very poor insulation.
A temporary cover for opening in a
building comprises two or more sheets of
material. The cover comprises a plurality
of supports fixed between at least two
of the sheets of material. A fastener
is provided for releasably securing the
sheets relative to each other in a second
position. The supports are moveable
between a first position in which they are
substantially parallel to the sheets and a
second position in which the supports are
at an angle to the sheets. In the first (flat

Digging a cavity for a fence post
footing near a segmental retaining
wall can affect the integrity of the
reinforcing material, and therefore is
undesirable. Hence, the cavities for fence
posts located near segmental retaining
walls are usually created as the wall
is constructed. What is proposed is a
reinforcement unit that has a tower that
is generally perpendicular to a base which
defines a cavity for receiving a portion of
the structure and an anchoring material.
The base of the reinforcement unit can
further include a pocket (or similar recess)
substantially similar in width or diameter
to the top portion, of the tower such that a
second identical reinforcement unit can be
inverted and stacked on top of the second
reinforcement unit.
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IDEAS

Hard, soft &
wicked problems
Dr Guru Madhavan, biomedical engineer and policy advisor in the USA, offered what he called an
‘international tour of ideas’ aimed to inspire or provoke an audience of engineering educators at the
IET’s Savoy Place, London headquarters. His speech also explored the guidance that modern art can
offer the engineer in solving different types of problems

S

t Mary’s Hospital in Paddington
was the site of the discovery of
penicillin by Alexander Fleming.
His work, published in 1929 in the
British Journal of Experimental Pathology,
proved not to be an immediate success,
because the substance couldn’t be
clinically isolated. Researchers Ernst Boris
Chain and Howard Florey did eventually
isolate it, but were unable to produce
it in quantity. That required the work of
Margaret Hutchinson, the first woman to
graduate in chemical engineering at MIT, in
1937. Drafted in to address the problem
in the constraints and pressures of
wartime, she didn’t start investigating new
means of production from scratch.
Instead, she adapted a fermentation
process already being used by Pfizer
to make gluconic acid and citric acid.
The process was called deep tank
fermentation, in which she mixed salt,
sugar and minerals, in a run-down ice
factory in Brooklyn. In the first five months
of 1943, it yielded 400m units. PreNormandy, that increased 500-fold.
This case is an example of a hard
problem. It can be solved, and people can
be trained to do that.
Another type of problem is exemplified
by the study of traffic in Stockholm. The
city, which spans a number of islands
on the North Sea, was often gridocked.
About 15 years ago, city planners took the
unusual step of hiring a team of analysts
from IBM to study it and propose a

32

solution. Over a six-month period, the team
installed thousands of sensors around
the city, took thousands of photographs,
and talked to people, to understand
what was happening and where were the
bottlenecks. Its desire was to develop a
total system model.
And its recommendation was not to
increase capacity by building another
bridge. It said that the city should start
charging people when they are using the
system when demand is at the highest.
It suggested a camera-based system for
monitoring cars.
Problems like these are continuously
optimised rather than solved; it’s a bit like
a doctor’s differential diagnosis; it narrows
down the cause, but doesn’t pinpoint
them. Soft problems are not solved, they
are resolved.
In the painting ‘Starry Night over the
Rhone’, Vincent van Gogh paints the
natural and artificial lights from Arles,
reflected in the water of the river. In the
painstaking piece, the lights are broken
up into hundreds of different facets by the
lapping waves. Does the piece suggest the
importance of one person’s perceptions
and impressions?
Where engineers have a long way to
go is in messy or ‘wicked’ problems. An
example is cleaning up pollution in the
Ganges, particularly the northern Indian
city of Varanasi, which is in Indian prime
minister Nahindra Modi’s constituency.
Not only is the river used for drinking

and bathing, but also in certain holy
places receives the remnants of human
cremations. Dogs, water buffalo and
human residents coexist there, as they
have for thousands of years.
The river has become a sociocultural
system; telling people to change
their behaviours won’t work. Nor will
conventional engineering approaches;
filtration systems have been tried and
failed. In fact, these point sources only
account for 5-10% of the pollution in the
river; far more important are the untreated
outflows of domestic and industrial
sewage directly into the river.
Messy problems like this one involve
politics, economics, value systems, and
sometimes profound disagreement. Can
the same evidence be read in different
ways to form opposing views? Whose
evidence do you use?
Artists have a tremendous advantage
in depicting messy systems, because
they have developed formal methods of
abstraction. A canvas by American abstract
impressionist Joan Mitchell reveals no
figure at all; it’s indecipherable. Viewers
have to decide what their experience is.
However, in engineering, abstraction is
used little, apart from computer software
and systems engineering.
The speech was held during the
Transforming Engineering Education in the
21st Century conference in early March
2020. It marks the first world engineering
day for sustainable development.
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WHAT’S HAPPENING

In Brief...

Global COVID19 ventilator
Prodrive has worked with
Cambridge University to develop a
new low-cost ventilator for global
use. The OVSI (Open Ventilator
System Initiative) unit has been
designed using components from
outside the medical supply chain,
so that it can be brought to market
far quicker and more cheaply than
the current range of commercially
available ventilators. In just five
weeks, motorsport engineering firm
Prodrive took the original concept
from Cambridge University’s
Whittle Laboratory and turned it
into a full working prototype ready
for production (see also feature,
pp16-17).
According to the OVSI,
a consortium of academics,
engineers, intensive care medics,
civil society organisations and
industry partners, the WHO
(World Health Organisation) has
suggested there could be as many
as 10 million cases of COVID-19 in
Africa within three to six months.
Yet there are fewer than 2,000
working ventilators across the
continent’s 41 countries, with ten
having none at all.
“Fulfilling the unique
requirements of local clinicians
was key to this project,” said Prof.
Axel Zeitler from the University’s
department of chemical
engineering and biotechnology,
and OVSI team lead. “Clinicians
told us the ventilator needed to
cover the wide spectrum of patient
ventilation requirements, and
therefore work in three modes:
non-invasive, mandatory or patienttriggered ventilation.”
Prodrive also designed the
electronic and electrical system
architecture and wrote new
software to control the unit with
input from clinicians.
The OVSI team is productionising
the concept design prior to volume
manufacture, which will be led by
South African domestic appliance
manufacturer Defy, and Denel, a
state-owned business.
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■ British Fashion Council has launched ‘Great British
Designer Face Coverings: Reusable, for People and
Planet’, a joint campaign with Bags of Ethics, to
manufacture and sell non-medical face
coverings to use alongside existing
social distancing measures. Designed
in London by six British designers
– Halpern, Julien Macdonald, Liam
Hodges, Mulberry, RAEBURN and RIXO
– the project aims to raise £1 million
with 100% of profits going to charity
and split between NHS Charities Together Covid-19 Urgent
Appeal, BFC Foundation Fashion Fund and Wings of Hope
Children’s Charity. The non-medical face coverings are
manufactured at Bags of Ethics factories.
■ Depicted on the cover of the May/June edition of
ED was a stair safety aid. However, that issue’s cover
feature, ‘Catering for the silver economy’, did not explain
how the device works. Called the StairSteady, the nonpowered friction device consists of a square-profile static
handrail and U-shaped rail guide mounted to a horizontal
handle. Inside the rail guide are high-friction rubber and
low-friction PTFE pads. As the handle is pushed up the
handrail by the user, the PTFE pads make contact with the
rail surface, allowing the handle to slide smoothly along
the rail. When weight is applied, the rubber pads are
pushed against the rail and act as a brake, locking the
handle in position. A spring holds it in the locked position
until pressure is applied. StairSteady has been tested by
users up to and over 40 stone. The rail is fixed to the wall
with welded metal brackets, and the wall is checked by a
fitter to make sure it will hold the product.
■ Coventry-based Sarginsons Industries has
been commissioned by Irish firm MagGrow
to manufacture a manifold that can be
retrofitted on to crop sprayers to make
them more targeted and to reduce waste.
Sarginsons has an order to supply around
200 units, with the potential for around 1,000 a
year. It is the latest project for Sarginsons’ Design for
Manufacture Technology Centre, which was established in
2019 to support manufacturers from the product concept
through to production.
■ Rolls-Royce and Daimler Truck plan to cooperate on
stationary fuel-cell generators as CO2-neutral emergency
power generators for safety-critical facilities such as data
centres. They are to offer emission-free alternatives to
diesel engines, which are currently used as emergency
power generators or to cover peak loads. “No other
technology offers such high reliability, modular scalability
and all the advantages of renewable energies without
dependence on the conventional energy market,” said
Andreas Schell, CEO of Rolls-Royce Power Systems.
■ IBSI, in its role as the UK National Standards Body,
has released PAS 1880 Guidelines for developing and

assessing control systems for automated vehicles. The
new guide, developed with the support of UK government’s
Centre for Connected and Automated Vehicles (CCAV), is
intended to help companies involved
in the design of automated vehicles,
including those conducting trials
and testing, to assess control system
safety.
■ The EPSRC UK-RAS Network,
organisers of UK Robotics Week, have
announced a major new medical robotics for contagious
diseases challenge. It invites robotics research teams
from across the world to submit innovative ideas that
could offer solutions as part of a multi-faceted response
to the current COVID-19 health crisis and future global
pandemics. Contestants may enter via www.is.gd/dopige.
■ Crop Health and Protection (CHAP), Small Robot
Company, COSMONiO and AV and N Lee have joined
forces to produce SlugBot, which is said to be the world’s
first robotic monitoring and bio-molluscicide treatment
system for slugs. Phase one of the project will focus
on developing the artificial intelligence slug detection
capability, including with multispectral imagery. Phase
two will then look to deliver slug detection using Small
Robot Company’s ‘Tom’ robot (featured in ED Jan/Feb
2020, pp20-23). Phase three will focus on development
of precision spraying in autumn 2021.
■ Comau’s MATE exoskeleton, featured in ED Sept/
Oct 2019, pp14-17, has been brought into use in a
production line making minibus interiors in the Brescia,
Italy factory of truck maker IVECO. To help the
manufacturer determine the benefits of the
exoskeleton, it used an assessment app
developed by Comau. For example, at one
specific station, the operator is assisted by
MATE in the placement of reinforcements
and accessories in the upper part of the
minibus. For these tasks, the operators have
to keep their arms raised overhead, resulting in
trapezius-deltoid muscle fatigue, which was reduced with
the introduction of the exoskeleton.
■ Imperial College design engineering student Chris
Kalogroulis has won a top prize in The Big Bang UK Young
Scientists & Engineers Competition. He was named the
GSK UK Young Engineer of the Year for his project, Flip,
a striking, sustainable and minimalist mechanical clock
(see video via www.is.gd/savako). More than 300 young
people from across the country
were selected
to be digital finalists of The Big
Bang Competition. Although
the finals usually take place at
The Big Bang Fair each March,
after it was cancelled due
to Coronavirus the award’s
judges used videos instead.
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Isaac Saunders
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Jensen Shepherd
Angad Singh
Pavanjot Singh
Thomas Singleton
Connor Smith
Jacob Southern
Maxwell Stone
Jacob Stretch
David Sunkel
Alana Taylor
Aaron Taylor
Ethan Taylor
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Charlotte Tidman
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Cian Ulrich-Lemass
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Benedict Waller
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Eleanor Webb
Michael Wenger
Donna White
Albert Williams
Ryan Williams
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Lacey Woods
Hannah Yolland
Glasgow School of Art
Kieran Kay
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Jesse Anderson
Mohammed Abdul Azim
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University of Derby
Aaron Welsh

Fiskars: a cut above, according to Red Dot
European design award Red Dot has awarded the Fiskars design
team led by Petteri Masalin as its design team of this year. “With
groundbreaking innovations, a natural approach, unparalleled
functionality, ergonomics and the right balance between complexity
and simplicity, the designers won over the jury for the product design
Red Dot Award a number of times,” the organisation said.
Red Dot CEO Peter Zec said: “The design team’s creations are
characterised by their ergonomic and user-friendly nature. The
technological innovations and groundbreaking combinations of
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materials together with the understated
matter-of-factness make these products really quite special.”
Established in 1649 as an ironworks in a small Finnish village of
the same name, Fiskars has grown to become a leading global supplier
of consumer products. In 1967, the company launched its first pair of
universal scissors on the market with an ergonomic plastic handle in
bright orange. The product was designed by Olof Bäckström and quickly
became a hallmark of the Fiskars brand. Nowadays, the company
produces all kinds of scissors and other home and garden products.
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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

