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VIEW FROM
THE CHAIR

I

n the early years of this organisation, most of the members had worked
on drawing boards during World War 2. They had contributed to the
design of the war machines, which had helped bring about the victory.
They saw themselves as designers working in an engineering setting,
rather than engineers who did design. This has always allowed the IED to
have interests beyond the strictly functional aspects of design. Thus, the
gradual inclusion of product designers (originally known as ‘industrial
designers’) has been growing for many years.
Following the Finniston Report in 1980, the establishment of the
Engineering Council – with a strong definition of what was and, by
implication, what was not engineering – effectively divided the design
spectrum. This was despite the mandatory requirement for the inclusion of
design studies in all accredited engineering courses. A gap opened in
course provision between engineering and product design. Only a few
courses, notably the post-graduate Imperial/RCA joint
course and an undergraduate engineering course at
South Bank Polytechnic, continued the concept of a
more inclusive approach.
Over the years, the engineering approach to design
in courses has become broader and product design
has been more accepting of the need for technical
understanding for functional products. When the IED
The definition of design must evolve with the
gained a Royal Charter, both engineering design and
times, argues Colin Ledsome CEng FIED
technological product design were recognised within
the IED remit. We award professional recognition to
engineering designers on behalf of the Engineering
Council and to product designers in our own right. We
are the only body with such a wide-ranging view of the design profession.
Now the evolution is continuing. ‘Design thinking’ has been a topic of
interest in management circles for a while. Here, the tried and tested
design methodologies are being applied to a range of projects with no
physical product in mind. Now ‘innovation’ is being used to cover almost
any activity which produces some form of novelty (see also article, p20).
The IED will have to expand its concept of design without losing the
essence of good, professional-level work, which lies at the heart of what
we stand for.

The new trend
of innovation

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

Planimeter
Colin Ledsome CEng FIED draws out the
qualities of an old-fashioned drafting tool

A

planimeter is one of those old, apparently simple drawing-office
gadgets, which does a complex task with ease (and no batteries).
There are several types, but they all work on similar principles. The
one shown here is from the IED calculator collection. It uses Polar or
“Amsler” geometry. In construction, they are just a couple of metal rods, connected
by a movable pivot and a small box of gears with a digital readout. At one end is a
block or pin, which fixes the end of one rod; the other rod carries a pointer. If you have
a scaled drawing – which can be the cross-section of a structural member, a graph of a
function, or a map of a site – a planimeter will find its area.
On a map, it will give you the area of a piece of land, with suitable scaling. It can also be used
to compare the areas under different graph lines, even if the scales do not allow you to find an
absolute value. Combined with density values, the weight of a component can be calculated. Adjusting
the position of the pivot along the rods allows different scales to be taken into account.
To use it, place the block at a convenient point at one side of the area, zero the counter, then
move the pointer round the edge of the area. As you move, two small rubber wheels, set at right
angles, roll along the paper. These turn the gears and the readout scales. When you complete
the circuit, the digital readout gives you the area of the shape. For long narrow areas, the
polar types are limited in their reach. You can use a linear version, which has a carriage on
wheels with a cross track carrying the pointer. This is unlimited in the length it can cover.
Later electronic versions will give the position of the centre of mass and sometimes
the second moment of area for structural calculations. With the advent of CAD systems,
properties of areas and cross-sections can be carried out within the program, so few have
need for planimeters any more. I still find them an interesting piece of mechanical magic.

www.ied.org.uk
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Hitting

right note
The

An inexperienced amateur string quartet was the inspiration for an engineering educational outreach
programme involving some 2,500 schoolchildren, more than 50 engineers and one piano

T

he story began with a less-thanrousing musical number at the
start of the annual conference
of World Process Engineering
Institution held in the UK, which traditionally
features an opening performance,
recalls Cambridge University professor of
engineering and the environment Julian
Allwood (pictured, inset, p8). When this
prestigious gathering of hundreds of top
minds in Europe travelled to Munich, for
example, members of the state opera
sang. Having noticed that the conference
was returning to the UK (Birmingham) in
August 2019, Allwood did not want to
repeat that embarrassment.
The professor has a history of doing
this kind of thing; two years back he
developed a stage show, Forging Identity
about metal forging featuring Sir Tony
Robinson (of Blackadder fame) for the
opening of another conference (video:
www.is.gd/adedun). That was pitched
at the level of secondary school
students. Allwood, who plays the
piano, also wanted to do another
project that appealed to primary
school children.
In any case, the project
became: how to design a way
for children to play every one
of the 88 keys of the piano
in the same song, with the
children designing all the
mechanisms. Over the span
of 18 months, he led a team

6

of engineers that visited schools, met
children, collected designs, interpreted
them, fabricated mechanisms, practiced
assembly, and delivered the entire
machine for the final performance.
He recalls: “I never had any doubt
that we would get there. In the end, you
could play a piano with 88 bits of string.
We provide an interface, which to me was
mechanically certain to make it work.
The project was about something
else: being true to the idea
of what the children

generated.”
By interface, he was referring to a
manifold installed in front of the keyboard
with a separate mechanism for each
key. Each one, when its lever was pulled,
pushed or dropped, would strike the
key beneath it with a
hammer.

www.ied.org.uk
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It was designed by the project’s chief
engineer, PhD student Christopher
Cleaver. Connecting to it were 88 wild and
wonderful ways of pulling a lever, fanned
out in front of it in tight formation (see p9
for a full list). A key limitation was width;
even at 7m away from the keyboard,
the mechanisms were thinner than the
children who eventually operated them.
Long before any were made, at the
start of the project, one of Allwood’s
first calls was to the Royal Birmingham
Conservatoire of music, and its principal
conductor, Julian Lloyd Webber, who
enthusiastically put him in touch with the
group’s three education outreach officers.
And he also started writing to his UK
engineering contacts to share the idea –
deliberately choosing younger colleagues,
as the older ones were responsible for
the string quartet.
One of the younger engineers was
Candice Majewski, senior lecturer in
mechanical engineering at the University
of Sheffield. An additive manufacturing
expert, she first came across Allwood
when she was invited to speak about
the speed constraints of that
process a few years
ago. She was
one

of about 15 experts from many fields
of manufacturing invited by Allwood
to speak on the same topic; after the
event, he worked with all of them on a
combined paper that has since proven
popular: Manufacturing at Double the
Speed (www.is.gd/ajugaz). She recalls: “I
had confidence that he could pull it off,
because getting 16 different academics
together to create a coherent piece of
writing is not an easy task.” Also, she
said that he exuded confidence in the
idea from the very beginning. “A lot of
times in engineering there’s a bit of luck.
Somehow stuff just comes together. And
there is a great deal of power in groups.”
It was the job of Majewski and 10
other teams to go out to schools, and
collect ideas from the children about the
mechanisms that they could use. Exactly
how they did that came from a colleague’s
wife, who was a primary schoolteacher,
and thought to design a lesson plan that
the engineers could follow. First, children
were asked to design an assembly to
strike a mechanical chime bar on the other
side of their desk with a standard kit of
parts, including some Meccano. Then they
worked together to make a piece of music
from their contraption. At the end of the
lesson, they were given an A3 piece of
paper with a piano key drawn on one side,
and a stick person on the other, and
asked to think of a way to play

Heath Robinson mechanism
needs good home
The entire mechanism, 10m by 20m, is
currently in storage for a year, and the team
is now on the lookout for a venue to take it
for three months. But Allwood hopes that it
will be played again. “Visually, it is absolutely
compelling. It is very difficult to photograph;
so linear from above, but to walk around it is
amazing.” He says that an ideal venue would
be the Tate Modern turbine hall. Wherever it
goes, safe access would need some thought,
both to protect visitors and to protect the
mechanisms.

www.ied.org.uk
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the piano from seven metres away that
no-one has ever tried.
Majewski says: “One thing that
we noticed was that the kids were so
freaking excited by all of it. Even during
our introduction, where we explained that
we have this problem – we can’t fit 88
people around a keyboard – immediately
there were hands in the air. They had
ideas before we had asked them.”
Continues Majewski: “We all agreed
that there was no way we could ever get
that level of creativity from a room of
adults. One of the ideas is that there’s a
unicorn doing a poo, and what comes out
is rainbows and sparkles. No adult would
say in a room full of others. The key
point is to take something that sounds
ridiculous, and perhaps turn into...well,

8

not a practical solution, exactly. But I
don’t think that you can get anywhere in
design engineering just doing things the
same as they have always been done.”
The 50-strong team gathered in
Cambridge to select 88 mechanisms,
over an intense, two-day session. Then
each team went away to make their
portion; for the Sheffield team, that was
six. The only hard rule was no electronics,
to make the whole theatre of the piece
was visible to the audience.
Says Majewski: “We were all
encouraged, and encouraged each other,
that the designs that we were
picking would be a spectacle.
Turning them into workable
mechanisms also involved an
element of creativity; how can we
create something that gives an
impression of the original design.”
Majewski explains that their
build strategy was to go simple on the
mechanisms, such as swing arms, gear
systems, dropping weights, but including
wild decoration to make the ideas come
to life. Each team returned to the school
for the children to design.
Allwood recalls: “The mechanism part
wasn’t easy. I ended up doing more than
thought after one of the universities pulled
out. Having leaned heavily on all of my
teams, I had to take on few myself. And I
really had to think about it; in some cases,

it took me a few iterations before I could
deliver it. Number 17 is a pizza racket. The
boy who drew that came up story: A boy
who eats a pepperoni pizza causes a door
to open and then his younger brother hits
a ball with his racket. The drawing clearly
illustrates that. So I had to make it. You
can’t not make it, because that’s what
design said.”
When asked if this was not a ludicrous
endeavour, he replies: “That’s part of the
Britishness of it. And that was what was
I think so overwhelming when the curtain
lifted. It was joyful. The thing that
really surprised me on that day
was that these big hard tough
professors around the world
watched with tears in eyes;
seeing so much childish
creativity was truly moving.”
But to reach that point,
the team had to make every one
of the mechanisms, store them, and
practice assembling the mechanisms, as
there was limited set-up time before the
rehearsal.
How they would actually be played
in the final performance was another
question entirely. Webber had put Allwood
in touch with composer Martin Riley,
who also works with the conservatoire;
Allwood describes him as “absolutely
phenomenal in finding solutions” to all of

www.ied.org.uk
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the problems posed; and that includes
designing a piece of music that includes
every note on the keyboard.
To do so, Riley got involved at an
early stage when the mechanisms were
selected; they finished the day marking
them out on the lecture theatre floor.
Recalls Allwood: “With Martin’s help, we
chose where the mechanisms would go
so that he had the most reliable ones
on certain notes for the basic harmony.
Broadly, the more reliable ones were on
white, and the less reliable ones on the
black.” An example of the latter was one
that bursts a balloon, inside of which
is a marble that rolls down a funnel
to eventually hit a lever. Exactly how
long the marble took to spiral down the
funnel was difficult to predict. Still, Riley
celebrated some of the more unusual
ones by giving them their own solo.
Allwood, who is also the director of
the energy-efficiency initiative called
Use Less, says that the project did
turn out to exemplify its values -- albeit
that took the team by surprise. He
concludes: “The experience of doing this
was incredibly fulfilling to anyone who it
touched; whether child, teacher or parent.
It was a good illustration of a creative
community building project, with few
energy requirements. It demonstrates the
extraordinary power of human creativity;
children have it and the rest forget.”

www.ied.org.uk

All the keys
Allwood recalls: “When we had done the lesson plan, I guessed
that we would get a set of interesting mechanisms, but instead
we came back with 2,500 acts of theatre that were totally
compelling.” Here are all 88 (full details on www.is.gd/lakalo)

1 The Flying Rabbit
2 See Saw
3 Flying Football
4 Wire Hat!
5 Bow & Arrow
6 Cog and Hammer
7 Flying Superhero
8 The Hydraulic Key Pressuriser
9 Hot Wheels
10 The Flusher Pusher
11 The Key Player / Balloon and Balls
12 Car Down Tube
13 Spoon-O-Matic
14 Banana Gun
15 Stretchelator
16 Falling Finger
17 Pizza Racket
18 Air Pump
19 Press The Button / Sea Snake
20 The Puller
21 Watt Bolt NW39
22 Metal Hand
23 The Cat-O-Matic 3000
24 Rocket Launcher
25 Ping Pong Balls
26 The Metal Cog Thingie
27 Guinea Pig Run
28 The Mechanical See Saw Beanstalk
29 A Leap of Faith
30 Magnificent Mermaid Mechanism
31 Rainbow Unicorn Cat Spaghetti
Meatball See Saw
32 Rock and Roll
33 The Mole
34 The Pop Hop
35 Pivot Play
36 Santa
37 The Crow
38 Extendable Arm
39 Rhino Eat Apple
40 Bike Conveyor
41 Hanzos Swirl Attacker 3.0
42 Peculiar Pencil
43 The Puppy Poppy
44 Giant Hamster Wheel

45 Chainsaw
46 I Can’t Think of a Name 2000 (Bicycle)
47 Flower Train Hits That
48 The Rolling Balls
49 The Wheel Machine
50 Hands on Air
51 Bicycle
52 The Lobster Cook
53 Punch Tube
54 Rock Star Hockey
55 The Invention
56 Wonderful Windmill
57 The Chimer
58 Shark Cannon
59 The Bike Wacker
60 Horse String
61 Ding Dropper
62 Axle Power
63 Washing Line
64 Ultra Awesome Toothbrush
65 Box Lever
66 Chicken Reindeer Penguin Banana Nugget
67 Nuts and Bolts
68 TNT
69 The Giraffe and the Car
70 The Monkey Machine
71 The Fantabulous Rainbow-Pooping Unicorn
72 Fishing Key
73 Piano Puller
74 How To Play a Piano Without Touching It
75 Let It Shine
76 The Mechanical Gymnast
77 The Fall of the Domino Wall!
78 Water Whirler!
79 The Piano Express
80 The Dorito Cannon
81 Rollercoaster Ride
82 Marble Key
83 Stairs
84 Hex Bug
85 Playing Machine
86 Giant Engineer Kit
87 The Triple Wrecking Ball
88 Newton’s Hit!
Sustain Pedal - The Tubalicious Invention
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HIGHER EDUCATION

Aim

high
A London South Bank University project to develop a high-speed competitive recumbent racing
bicycle has successfully moved from faculty research to student extracurricular initiative, and has its
sights on reaching 93mph

Bas Fotografie

T

his story begins with the ending of
another one: the death of cycling
journalist Richard Ballantyne.
Attending the funeral in 2014
were London South Bank University
professor of computational fluid dynamics
Glen Thompson, and recumbent bicycle
designer Mike Burrows. They met, and
decided to team up to develop the world’s
fastest human-powered bicycle.
While Burrows made the carbon-fibre
bicycle frame, Thompson focused on the
fin-shaped faring. His starting point was
the published dataset of the Varna, a
series of record-breaking human-powered
bicycles devised by Georgi Georgiev, which
Thompson used to set up and validate the
computer model. A simulation included 12
million elements. Then began the work to
refine key areas: nose, footbox, tail, wheel
openings. He worked particularly on the
zone where air flow changes from laminar to
chaotic, where drag forces are high.
Last September, their finished design,
dubbed the Soup Dragon, competed. The
World Human Powered Speed Challenge
runs on a five-mile long stretch of straight,
level resurfaced public road in Battle
Mountain, northern Nevada. Each team
gets a total of 10-12 runs over the weeklong competition; speed is measured in the
final 200m.
The 19kg vehicle consisted of a carbon-

First morning
run
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fibre frame with recumbent rider’s seat
and steering stick, toothed chain-ring
mated to the front wheel in a direct-drive
configuration, huddled – with rider – inside
a thin exterior shell viewing the road ahead
on two battery-powered redundant video
cameras and screens. The end result of

The original steering / transmission unit
years of work was a fantastic first result 53mph.
The attempt marked the end of the
beginning; both men retired from the
project, and Thompson retired from LSB
University. His former project assistant,
Barney Townsend, senior lecturer in product
design, stepped up to guide the project, led
by an entirely new project team: students.

PASSING THE BATON
Townsend explains: “The whole idea of
the project from the outset was to get it
started and hand it over to the students
as an ongoing extracurricular project in
the vein of Formula Student – which was
exactly what he did.”

“Getting to that model to that level in
the first place took many years of highlevel research. Once we’ve got that, you
can, at an undergraduate level, discuss
the principles and introduce them to
what’s going on, and explain various
different factors, and then it’s quite easy
for them to further explore iterations in the
shell shape and so on.”
Over the past year, Townsend and the
students have been adjusting the design,
with a new, one-race focus. He explains
that last year, the design competed in a
second race, the British human-powered
speed records, which take place on a
circular track because of the lack of
empty straight roads in this country. The
lightweight design of the vehicle helped
to reduce the effort required to get to top
speed.
But by reducing weight in the vehicle,
the designers also reduced its structural
integrity and stiffness. As a result, the
single-skin fibreglass airfoil with stiffeners
actually deformed under aerodynamic
loads when it was raced in the Nevada
desert. “Having got there, and seen the
event and the track, it was clear it could
be unsafe in a nasty accident.” In addition,
the rider, Russell Bridge, a veteran
competitor of human-powered races,
complained that at top speed steering felt
loose, floppy and wobbly: a scary feeling at
any speed, much less highway velocities.

www.ied.org.uk

Main: CAD assembly of the
original bike
Right: The full 2019 Aim93 Team

“That’s not necessarily a fault in the
design; we couldn’t test it at those speeds
because we have nowhere to do so in the
UK with enough length of track to get up
to that speed. And time constraints- we
had limited time to test before we went
anyway.”
This time, blasting through the desert is
the only goal. A quirk of the course is that
it dips by just under 1% toward the end;
that means that competitors will not be
punished by additional vehicle weight.
So, although the team has kept actual
shape of the shell identical citing their
lack of experience with it, the construction
of the shell they have changed utterly:
it is now a stiff, dual-skinned carbon
composite epoxy and polyurethane
sandwich with Kevlar to protect in case
of a crash. That makes the vehicle
essentially a monocoque design, meaning
it is structurally supported by the exterior
frame. Embedded in the shell is a keel
section consisting of two triangular wedges
that form a base on to which everything
is attached, including the transmission;
the frame also now includes a roll cage to
further protect the rider.
“The big learning point when we got
to the event last year was that we had
designed a bicycle and brought a bicycle
with us, but actually with the speeds that
we were achieving and the conditions, it
should have been more like motorcycle
engineering. That’s the philosophy: we’re
trying to over-engineer everything this
year to be confident that we have a fully
safe vehicle.” Doing so nearly doubled its
weight, to 33-4kg.

www.ied.org.uk

NEW FEATURES
Two other design elements were tweaked
this year. One of Burrows’ original
innovations was the transmission: to
remove the derailleur and cassette and
make the bicycle direct-drive on the front
wheel. New drivetrain parts for that were
made this year. Although the design
reduces weight and complexity, it also
removes gears. Two consequences flow
from that. First, the strongest rider in
the world could not drive a 150-tooth
main chain ring from a 16-tooth sprocket
powerfully enough to accelerate to a stable
speed before tipping over. (In fact, the team
hopes to reduce the sprocket to 14 teeth
for an optimal high-speed ratio).
Partly, the race organisers help here by
allowing a 15m push start. But even so,
the vehicle still needs a stabiliser wheel for
lateral support for an additional 50-100m.
Once fully stable, the rider flicks a switch,
and the spring-loaded support wheel rod
retracts. A newly-designed hatch, with
magnets in the outer flap, helps improve
the aerodynamics around the assembly
by covering the hole. This year’s bicycle
materials bill was about £3,500, including
testing and prototyping.
Second, the direct drive mechanism
interferes with steering, which is also
accomplished with the front wheel. On most
bicycles, drive and steer are handled on
separate axles because of the precision
required in the drivetrain; turning the axis of
either pedals or chain-ring pivots the drive
sprocket, side-loading the chain. Instead,
the whole axle pivots on a cylindrical
bearing inside the centre of the sprocket;

the axle
goes through the wheel to
the left hand side, and is then pushed
backwards and forward by a drive rod from
the steering column.
The stated aim of the team is to break
the human-powered vehicle record of
89mph – in fact, to hit 93mph. Townsend
says that he believes that this remains
a realistic target, as it was borne out of
simulation data and detailed calculations.
Contends Townsend: “It is a goal in the
sense that it has a nice challenge to put
us not just ahead but is something to fight
for that is quite a significant improvement
on the current world record that may one
day be theoretically achievable. I don’t
think that we will achieve it this year. I
don’t think that we have enough experience
yet. These kinds of projects take years of
development and experience to tune them
to the state that you will actually eke out
those absolutely last percentages of power
to break over the limit. My personal goal
this year is the British speed record, which I
think stands at 76mph; I think that we have
a good chance of breaking that.”
Turn over to see how the team fared 

Bamboo bikes
A spin-off from Aim93 is another bicycle project
at London South Bank University for first-year
undergraduate engineering design students. This
starts with a consignment of 40 old bicycles from
a charity, and a pile of bamboo struts. Working
in teams of five, the students have two weeks to
convert the upright bicycles into recumbents using
bamboo and fibreglass. The winner is decided during
a race down the road outside the university. Says
Townsend: “It was a very cheap project to run and
easy in terms of implementation, and the students
absolutely loved it. We got some great footage of
the joy on their faces as they are pedalling their
newly-built recumbent bicycles down the road.
They learned so much; most of them had never
disassembled a bicycle; never used any of the bikespecific tools; never really examined the way the
drivetrain works and the precision that you need in
alignment of components. That’s something that,
longer-term, we’d like to think about rolling out, as a
kind of F1 in Schools project; some kind of schools’
league of bamboo recumbent bicycles.”
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On the ground at Battle Mountain
Things did not go quite to plan once the races started. Early
indications were mostly positive; it wasn’t until after riding the
2.5-mile course that the major problem emerged
 Continued from previous page

carbon roll cage protected him, and the
integrity of the vehicle. Had the same
thing happened with the previous design,
Bridge could have been injured or even
killed from road abrasion.
Although the crash didn’t threaten
Bridge, it did threaten the team’s medal
hopes. Continues Townsend: “We did
some head scratching. We knew we
could tune it a bit, and keep racing; we
could shorten the steering arm to make it
less sensitive, and things like that. But,
ultimately, the problem was exacerbated
by speed, so it would only get worse, and
if we managed to tweak a few more miles
an hour out of it, he would only end up
crashing at a higher speed. Ethically, we
thought the best thing was to have a big
rethink.”
The team knew it would be impossible
to rig up rear-wheel steering; that is said
to pose big problems with stability for any
bicycles, but particularly recumbents that
feature a lower centre of gravity. And it
also knew that, since the crash happened
early in the competition, it had a (little)
time to try a fix.

CAR PARK ENGINEERING
“We had a team of engineers here, and
a reasonable toolkit, albeit our workshop
is the motel carpark,” reasons the
engineering lecturer.

Last evening run
“In the space of three quite intense days,
we transformed that bike from a front-axle
steered, front-wheel driven, rear-braked
bicycle, to a rear-wheel-driven, front-fork
steered, front-axle braked bicycle. It was
quite a significant rebuild of all of the
mechanical components.”
The transmission unit and front wheel
were housed in between two side panels
of carbon and then an upright front
column that held the front bottom bracket
and chain-ring axle and the cranks. The
team reconfigured the frame, cutting
the side panels in half and rotating one
upward, and built a new upright column
sitting between the wheel and the rider,
and mounted in that a pair of bike forks
pirated from a new bicycle bought from
a shop an hour down the road. The main
chainring was kept in the same place,
offset far enough from the front wheel to
enable a degree of steering. It drove the
8mm machine drive chain, lengthened
with spares, running all the way
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The drivetrain of the Velociraptor
was one of the areas that the team had
reengineered in the year-long run-up to
the race, including supporting the steering
column at both ends and changing the
bearing surfaces on the left-hand end
of the steering axle to travel on rails.
Although that stiffened the steering, it
also highlighted the major significance
of the effect of the offset steering. The
team had known that it would affect the
bicycle’s handling; bumps in the road are
trying to push the wheel backwards and
turn the bike to left, forcing rider Russell
Bridge to steer it back to centre. Barney
Townsend, the South Bank University
project lead, explains: “On the road tests
that we had done in the UK, it hadn’t
seemed a problem; it felt perfectly stable.
That said, in the UK the only tracks that
we had access to were a mile or a bit
longer, they don’t give us the ability to get
it up past 40mph.
“In Nevada, the bike ran the 2.5-mile
course happily enough, but with a bit of
weave. And then we got on the five-mile
course, and it was getting up to well the
other side of 50mph – 55, 56mph – and
he was really struggling to control that
steering.” Eventually he crashed, at
greater than 50mph. Fortunately, Bridge
was fine; the new heavy composite
shell and
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AIM HIGH
Battle Mountain

underneath the rider to the back wheel.
The chain was guided along the central
rails of the monocoque chassis by using
two pairs of spare sprockets as idlers,
one set each on drive and return. The
previous front wheel, with its 16-tooth
hub, was swapped to the rear; and the
rear wheel came up to the front, braked
using discs, thanks to mountings that
came with the new fork.

JUST IN TIME
“We completed it in just enough
time to race on the last day, which
was fantastic,” continues Townsend.
“Again we did the 2.5 mile course in
the morning, and then got on to the
5-mile course in the afternoon. Which
infuriatingly had a big crosswind; it
wouldn’t have been a legal run anyway,
with a flat crosswind of about 15mph.
But they were letting bikes down the
course. The top of our logged speed was
about 55mph on this brand-new bike.
But even some of the top guys who had
been doing 80-plus mph during the week
only managed that in the same heat in
that wind. So that was a big success as
far as we were concerned. And, likewise,
Russell felt safe in the bike.”
“So it was a mixed review. We didn’t
break any records that we were hoping
to. But we won an award for the hardestworking engineering team, for this intense
period of work. We got a lot of respect
from the community about what we were

www.ied.org.uk

able to achieve in three days. From my
perspective, it is as much about the
student experience as the project and the
students’ experience of participation. It
was really inspiring to see this group of
students, who had worked together all
year on the project under less pressure
at university, really come together.
Also, for them, to experience that level
of highly pressurised teamwork, and
simply doing whatever it takes to deliver
on engineering projects within the time
available.”
In fact, their dedication won over the
leader of the French team, who was
staying at the same motel – their place
on the final night heat on the five-mile
track was given by him. That epitomises
the enthusiasm and sportsmanship of the

event, contends Townsend. “The whole
event is a very interesting community of
like-minded techy, quite nerdy but also
sporty, engineering-type people. It’s a
group of passionate amateurs, all sharing
knowledge.”
So, back to the drawing board. As
most of the team were third-years or
graduates, one of Townsend’s first
tasks is recruiting the next cohort. He
concludes: “Next year, the plan is to
go back fighting. I’ve got my eye on the
80mph hat; I want to see it on our rider.
There’s no question of stopping. I’m not
disheartened at all; we are the young
upstarts; it’s only our second year. Good
design is about learning from what works,
and what doesn’t and improving on that
as a result.”

Sponsors and supporters
Although the materials bill for the bicycle was relatively low – about £3,500 – sending a dozen students
to Nevada for two weeks is not. This past year, the team benefitted from a number of sponsors.
● Airgrind produces a nanotechnology coating for aircraft; it seals every pore in the surface to reduce
drag.
● Blue Hippo Media is producing a documentary about the project. “Glen and I had it in our minds that
one of the big aspects of the project is engagement in STEM. The project has got so many touch points
at school level that can be used to inspire the younger generation, and explain that this is what real
engineering is.”
● IT company Illumit, one of whose directors is a keen cyclist, sponsored production of the
documentary.
● Rayvolt, the Spanish e-bike company, donated a 1,000W hub motor that the team anticipates using
next year to help accelerate the bicycle to high speeds on short tracks.
As the new academic year starts up, the team will again be looking for sponsors.
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Behind
camera
the

Take two prize-winning engineers, add a common bond and the
result is a hard-working team behind the internet video STEM
channel Kids Invent Stuff.

T

he Big Bang Fair is a national
celebration of science,
technology, engineering and
mathematics. Over a long
weekend, the travelling show
takes over regional exhibition centres,
inviting local schoolchildren to meet
hundreds of universities and industrial
companies, along the way trying out
tools and equipment, and hearing from
inspirational speakers from all branches of
the sciences.
The event also hosts a national
engineering project competition, awarding
the winner the accolade of Young British
Engineer of the year. Lawyer-to-be Ruth
Amos won that very prize in 2006 for
StairSteady, a project that began in
her design technology GCSE course. A
horizontal bar that slides along a handrail
to help people climb stairs, the design
has since been commercialised as
the StairSteady, and persuaded her to
move away from law. Four years later,
while judging the competition, she met
contestant Shawn Brown, whose project
to design a vehicle with the lowest carbon
footprint possible – which ended up as
a recumbent bicycle built using bamboo
canes – won the
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year’s prize.
Shawn, who is dyslexic, struggled in
school exams because of his difficulty
retaining information; but making things
was a different matter. They shared an
unconventional route into engineering.
That common background made both very
keen on improving public engagement
with STEM, as epitomized by the Big Bang
Fair.
Looking back, Amos regrets the
very lack of engagement when she was
growing up. The few female faces on the
engineering-themed television shows she
loved, such as Scrapheap Challenge and
Robot Wars, didn’t get involved in the
making. The realisation that she could
become an engineer only came after
meeting female engineers and people
like Kate Bellingham, a former presenter
of Tomorrow’s World. “If there had been
more women making and designing and
inventing when I was growing up, I would
have considered it more.”
Adds Brown: “We both had a keen
interest in communicating to science
because of where we had come from,
and that led us to want to be able to
communicate

with young people about how science
and engineering relates to every aspect
of life. Everything that’s been made has
had science and engineering practice
involved in its creation. There are infinite
opportunities for employment [in the
sector], and it’s something that is creative
at its core. We wanted to show that young
people’s interest in drawing and making
is fundamentally an engineering or design
practice.”
Having had lots of conversations over
the years, but never actually acting on
anything, Amos and Brown finally took the
plunge in summer 2016, and collaborated
on a self-financed video pilot episode
based partly on Brown’s outreach work
with dyslexic children. To the children of
family
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and friends, they
set a challenge:
to imagine
inventions
that would
turn ordinarilyabled people
into superheroes. That led to a custardfiring superhero suit with that they built,
filmed and edited, to test their idea for
a format (www.is.gd/ofugec). Having
spent the rest of the year getting grants
and financial support, they launched the
You Tube channel in early 2017. (Amos
says that site funding, rather than from
online click-based advertisers, comes
from educational grants and corporate
sponsors, ranging from Autodesk to Hilton
Hotels).
Every month, the duo publish a new
challenge on www.kidsinventstuff.com;
this includes a making activity too.
Children have about two weeks to submit
their ideas. Then the two winnow down
the hundreds of entries to a shortlist of
five. Then they pick one of those and
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make it, filming the process – and
the results – and posting on the
popular social media platform.
When not working together, the two
pursue other projects: Amos her
StairSteady business; Brown other
design engineering projects; both
also take professional speaking
engagements.
The videos are freely available
both to children, among whom You
Tube is ranked by media research as
the number-one media portal. They
are also available for schools. States
Amos: “Any teacher or parent can use
them to make fun, exciting and lowcost projects. Shawn and I come from
areas that are disadvantaged. Both of
us feel very lucky with the education
that we had, but we know that actually
our schools could not afford lots of
shiny kit. We didn’t want schools to
be put off by that. So we wanted to
do something that is really easy to get
involved with.
We have
invention
ideas that
are sent on
the back of
receipts. Pens
and paper are
things that
every school
has.”
Amos
calls the
contributions
of the children – unbridled by adult
conceptions of feasibility – as ‘magical’.
When asked how the team copes with
the difficulty of actually making some
crazy design, Brown says: “One of our
favourite ways to describe engineering is
that it is about ‘making things happen’.
Engineering design science is about
having the tools and the understanding
and applying them to solve a problem.
When they’re ideas coming in, things
might seem impossible, but with a small
budget and a small amount of time,
engineering does still make a lot of things
possible. Although that process is fraught
sometimes with a little bit of stress, a bit
of failure.”
While admitting that their confidence

in front of the camera has grown over the
last few years, they remain the harshest
critics of their own work, as well as the
other production elements, such as the
editing and music. “But that’s not what
the kids see. They are excited by the
engineering, or the mess, or the fact that
the thing has been designed by a person
of the same age as them,” contends
Amos. “We’ve learned that part of the
project is putting up a video every week
and doing a challenge, and enjoying the
fact that none of these things is 100%
polished, or that you couldn’t sell any of
these; that there is a joy in making one-off
prototypes.”
The fact that the two live on opposite
ends of the country – Amos in Sheffield,
Brown in Cornwall – has served to focus
their minds, they argue. For most of
the month, they communicate virtually;
Amos particularly credits file sharing
site Dropbox. Then, once a month, they
alternate, travelling to either Sheffield or
Cornwall for an intense week of filming.
Says Brown: “Weirdly, the distance
does make us more efficient. When we
are in the same place, we have to be
really on it, and keep to timeframes. In
our videos, we try to create a story and
a journey. Off-camera, we have to take
a cold hard engineering approach to
organize things and time to make sure we
meet the budget.”

READER COMPETITION
It’s your turn. Readers are challenged to get
involved with a current, and with a previous,
KidsInventStuff challenge. 1 Try your hand in the
KidsInventStuff monthly challenge. November’s
challenge is: notification inventions;
see www.is.gd/sevuxa for more.
2 Help Ruth and Shawn. Above is a real entry
submitted for their September challenge on
crazy musical instruments. Your task is propose
the best way to bring The Fire Recorder to life.
Its description reads: “When you blow into the
recorder, fire will come out. Also, when you play
it, fire will also come out the holes but not the
holes that your fingers are on.”
Contestants should send their ideas to the
editor at engineeringdesigner@ied.org.uk. The
magazine will publish a selection of the best
entries in a future issue.
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Identifying

design trends
What are emerging design trends? To answer this question, nine student researchers from Brigham
Young University attended the 2017 Dutch Design Week in Eindhoven, Netherlands, with an openended mission to take photographs of exhibited projects. After they returned, some 300 pictures were
classified into the nine trends explored here. This project allows students to frame their own work
within emerging design trends. By Hannah Lutz, Hannah Cardall, Michaela Hill and Bryan Howell

Socially
engaged
Using social
values to engage
in solutions of a
political nature
Example: Alissa
Reeves’ IV Walk (pictured below):
Humanises the essential task of holding
an intravenous drip bag by installing it in
a backpack (www.is.gd/hadaxi
(www.is.gd/hadaxi)

Productionconscious
Redefining
production
materials, where
they come from
and how they are
acquired in an anti-mass production
movement
Example: The Travel Agency turns used
glassware into new lamps

Material
Innovation
Redefining material
use, using ‘waste’
for new production
of high-quality items
for everyday use
in ways that bring out the material’s
natural abilities
Example: Billie van Kawijk’s intestine
handbag (shown below; www.is.gd/cinifi)
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Design for
agency
Creating technology
to de-standardise
or customise the
user’s experience
with artefacts
Example: Kristaps Polïtis’s Printstrument
uses 3D printing to combine a series of
modules into unique musical instruments
(www.is.gd/emusig)

Connective
Designing with the
intent to connect
humanity in ways
that promote
emotional and
cultural poignancy
Example: Atelier NL’s collection of local
sands from around the world is used to
make glassware (www.is.gd/osulus)
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Questioning
design practice
How do we view,
create and define
design?
Example: Marcel
van Brackel &
Frederik Duerinck’s installation of
a sensory experience for a visitor
lying inside a morgue refrigerator
compartment (www.is.gd/zatoma)

Naturalised
technology
Ultra-speculative
design, making
digital additions
to our natural
or analogue
life. Designers ask: how is our
humanity enriched (or attacked) by the
technological advances around us?
Example: Studio Drift’s dandelion clock
lamp (pictured above; www.is.gd/jimaso)

Speculative
Breaking
boundaries to elicit
a desired reaction
and to challenge
the status quo for
objects and
experiences
Example: Veerle Kluijfhout’s Domesticat:
a woven top made not from lambswool
but from cat hair (pictured below;
www.is.gd/vaxoko)

Reinterrogating
history
Challenging the
role of designers
and their impact on
culture and nature.
Designers ask: are
we ultimately doing good?
Example: Kostas Lambridis’s
bureaus (pictured right)
feature components
with a variety of historic
styles of production and
ornamentation, evoking
dichotomies between old
and new, craft and chaos,
completion and decay
(www.is.gd/nonife)
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This article is based on ‘Sketched: Students Identify Trends at Dutch
Design Week’, winner of the best paper award at the International
Conference on Engineering and Product Design Education, 12-13
September 2019, University of Strathclyde, based on the scores provided
by the international scientific board of reviewers.
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Going beyond

object sketching
A new vocabulary of sketching and visualisations should facilitate mutual communication between
designers, engineers, users, specialists and all other stakeholders during these design processes.
By Jan Corremans and Maaike Mulder-Nijkamp

N

ew levels of complexity and
abstraction in the field of
industrial design require
new powerful visualisations
to analyse, discover, express and depict
progressions, emotions, experiences,
stories, scenarios and other intangible
aspects involved in the system.
Published taxonomies (see below)
thoroughly cover all sketches and
drawings applied in object-oriented
industrial design projects, but the scope

✔✔
✔
Types

of product drawings

A number of sketching and drawing stages
in new product development were listed in
Loughborough University’s ID Cards project
(www.is.gd/fuhuci)
✔ Idea sketch
✔ Study sketch
✔ Referential sketch
✔ Memory sketch
✔ Coded sketch
✔ Information sketch
✔ Sketch rendering
✔ Prescriptive sketch
✔ Scenario & storyboard
✔ Layout rendering
✔ Presentation rendering
✔ Diagram
✔ Perspective drawing
✔ General arrangement drawing
✔ Detail drawing
✔ Technical illustration
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of industrial design constantly broadens,
so the designer needs to extend his/
her sketch vocabulary with sketch types
adopted from related fields.
For example, systemic design is a
recent discipline in the field of design. It
integrates systems thinking and humancentred design with the intention of
helping designers cope with complex
design projects. The recent challenges
to design coming from the increased
complexity caused by globalisation,
migration and sustainability render
traditional design visualisation methods
insufficient.
An example is gigamapping. This
creates an information cloud for
visualising complexity from which a
designer can derive innovative solutions.
It serves as a method that is both
systemic and designerly. According
to Birger Sevaldson, it has proven to
be an ultimate bridging device within
groups of collaborators, and enables the
development of a shared understanding of
construction systems
(see also www.is.gd/udumoh).
One role of the designer in the
systemic method is to stimulate and
participate in co-creation sessions and to
sketch/visualise on-the-spot contributions
from the different stakeholders to
facilitate communication.
Another role of the designer is
to visualise the synthesis of the
analysis. The sketches made during
the analysis and design process serve

more as a visual thinking tool than
a communications tool. The final
gigamap is a graphically well-balanced
infographic-mind map communicating and
summarising all discussed issues.
Other types of systemic design
sketches recently added to the spectrum
of the designers’ sketch vocabulary
include user experience sketches, process
sketches, product service design sketches
and customer journey illustrations. What
these new sketches and visualisations
have in common is the fact that they are
mostly non-object related. For example,
sketches made in the early stages of
a new product development phase of
complex systems designs depict more
the mutual relations between the different
stakeholders, the evolution of the project
in time, the context of the problem, the
different system design possibilities,
than any possible hardware components
involved.
If the goal of
design educational
programmes is to
prepare students
to become skilled
creative people in a
fast-evolving industrial
design and engineering
landscape, students’ sketch
competences should extend
beyond merely object-related
sketches and drawings. For design
schools, this insight could mean a
major revision of drawing courses.
www.ied.org.uk
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E&PDE: BEST PRESENTATION

This article is based on ‘Towards an Extended Design Sketch & Visualisation Taxonomy in Industrial Design Education’, winner of the best presentation
award at the International Conference on Engineering and Product Design Education, 12-13 September 2019, University of Strathclyde, based on the
scoring of delegates via Conference4me app.
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Following

their nose
Having officially inaugurated its £12m ‘Future Technology Centre’, the University of Portsmouth
has just taken on the third cohort of undergraduates in the multidisciplinary innovation
engineering course that is designed to allow students to direct their own learning path

A

fter moving in to the new
building this year, both students
and the local community
will be able to draw on a
full suite of resources that includes
formal and informal meeting spaces,
simulation capability, sophisticated digital
collaboration tools, 3D printers and CT
scanners.
Course leader Dr Jovana Radulovic,
associate head of the school of
mechanical and design engineering,
says that the space was designed
to complement the university’s well-

established conventional courses in
mechanical, civil, design and electronic
engineering, which she says tend to
produce specialised graduates who may
find work in multidisciplinary teams in later
life challenging.
She explains: “I personally have,
throughout my career, been fascinated by
how different students learn differently.
What works for one doesn’t work for
another. That’s human nature.” She
recalls that during her time as course
leader in mechanical engineering, she
would occasionally run across students

ALTERNATIVES
Although still relatively unusual, provision of innovation engineering courses is growing in the UK.
Established courses include a two-year double masters run jointly by Imperial and RCA (Innovation
Design Engineering), as well as Queen Mary’s University of London (Design, Innovation and Creative
Engineering at BEng and MEng level) and the Open University’s Design and Innovation BA or BSc
course. New this academic year is UCL’s offering for graduates, Engineering with Innovation and
Entrepreneurship. Outside London, there is the Innovation and Technology Management course in
Bath. Also new is Cardiff’s Manufacturing Engineering Innovation Management MSc course.
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with so many interests that she felt
they were wasted on a conventional
programme. “I was inspired by my
students to create a better, more
engaging, course.”
So innovation engineering offers few
lectures. The vast majority of delivery
is problem-based practice, including
practicals and experimentation, so that
students become what she calls ‘active
participants’ in learning. The work is often
conducted in teams, within the context of
a select group; the first intake was 10,
and now averages about 20 per year.
Topics include electronics, data analysis
and materials engineering. For a secondyear project on robotics in medicine, for
example, students choose the direction of
travel. They have to come up with a new
idea, evaluate its feasibility from business
as well as ethical standpoints, consider
legislation and policy relative the market,
and then design and produce the technical
specification of the solution. The third year
includes work on an individual project.

www.ied.org.uk
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Each storey of the
FTC offers different
resources

“They can choose virtually any direction
that they want to go in,” points out
Radulovic. An extra fourth-year integrated
masters add-on includes modules on
advanced surface science and structural
bioengineering.
Just as the course challenges
students, it also makes novel demands
of the faculty. Radulovic adds: “From
my experience, I could be teaching
mechanics to 200 students, or, in
innovation engineering, work with 20. It’s
a completely different way of co-producing
teaching with students.”
Housing and supporting this activity
is a special-purpose space, technically a
wing of another campus building: that is
the FTC. “We wanted students to have
exposure to state-of-the-art technology.
And when they work in teams, to have
access to numerous university and other
resources. They could run a simulation,
access the library, or pool their resources
for designing a device. It’s important that
is in a space that facilitates teamwork.”
The ground floor consists of a
laboratory space with equipment specially
chosen not to replicate what already
exists on the campus. So it houses a
multi-material 3D printer, at the time one
of the first in the UK, and a metal 3D
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The FTC’s campus elevation

printer using a sintering process. As these
machines produce novel materials, the
lab also houses material characterisation
tools including micro computed
tomography (CT) scanners to evaluate
those structures.
The first and second floors house
teaching spaces. They are not lecture
halls, but furniture and equipment
designed to facilitate collaborative work:
tables with monitors and connections for a
variety of devices, from phones to laptops.
A/V equipment enables students to share
their work visually with others on that floor,
or elsewhere. There are social spaces with
sofas where students can meet informally.
The third floor offers a computing lab,
with workstations powerful enough to run

simulations relatively quickly.
The fourth floor is a space that was
designed through a cooperation between
the university and the Solent Local
Enterprise Partnership (LEP), a consortium
of local businesses, to allow them
access to FTC equipment – and students.
Radulovic describes it as a hub, where
businesses can have meetings and do
consultancy and even CPD.
She concludes: “Multidisciplinary
teaching is not new. But this course
is a true hybrid. It is not trying to cram
everything from all branches of engineering
into one. On the contrary, we are selecting
the most valuable elements, skills and
knowledge of several disciplines in a
comprehensive way.”
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Tic Tac Toe
A new improvement of an old method of diagnosing intestinal
problems has relied on a novel manufacturing process to
produce a new kind of tracker bead

S

ince the 1980s, people
suffering from intestinal
complaints such as
constipation have sometimes
been given a handful of plastic
pellets containing barium (radiopaque
markers) to help diagnose their problem
using X-ray diagnostics, explains Dr
Luca Marciani, University of Nottingham
associate professor in gastrointestinal
MRI (pictured, with patient Jed Randall).
These tests can provide some objective
evidence, as opposed to the patient
reporting their toilet stops – or a parent
doing it for the child. “There are various
facets of this, from the more normal gut
transit with symptoms of pain to slowtransit constipation, to retention and
obstruction,” Marciani points out. In
X-rays, the heavy element barium shows
up as opaque in an X-ray scan, so the
pellets’ progress or lack of progress in
the bowel can indicate what factors might
be causing the problem. Bunching at the
top of the bowel indicates severely slow
transit; piling up at the bottom suggests
a retention problem; being spread around
implies more normal
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function. A missing group of pellets
suggests a bowel movement has occurred.
But the test is not ideal for children.
First, it involves exposing them to ionizing
radiation, large doses of which are bad
for developing organs and can cause
problems in later life. Second, the X-ray
image itself is difficult to interpret, as
internal organs tend to come out fuzzy,
and the bowel curls around the abdominal
cavity in complex way, he adds.
Still, a test was needed to help
clinicians diagnose the causes of
childhood constipation, to find the right
treatment. The condition peaks
in school-age children, some
14% of whom suffer from it
at some point. And as many
as 30,000 in England per year
end up in hospital as a result,
according to government figures.
Much better results -- without
the health risks -- are to be found
from more recent technology,
particularly the MRI, magnetic resonance
imaging, technologies of which were
invented by Nottingham
University physicist Prof
Sir Peter Mansfield in the
1970s. MRI scans can
be stitched together
into 3D images. (A
further goal of the
project, down the
line, is to develop
add-on software
to automatically
analyse the images;
specialist firm
Motilent designed
an initial analysis

software module).
The way in which MRI
acquires images of the body
differs from the way that X-rays
do, so the two technologies’
images look very different. In particular,
plastic pellets don’t stand out; but
oil-water emulsions do.
So the idea was a capsule containing
a medically-safe fat emulsion. Drug
capsules are a great way to carry material
into the body, but they are designed to
disintegrate; the gastrointestinal transit
test process requires something hard
enough to resist stomach acid and bowel
water for a few days of transit. Also, the
size of the capsule would need to be
adapted to suit children, whose smaller
throats make it difficult to swallow fullsized tablets.
His vision of the way the test would
work is to provide a patient with 24
minicapsules a day for three days
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MEDICAL

The distribution of
minicapsules, as seen in a
MRI scan (not pictured) can
provide objective evidence
of gut transit in patients
complaining of constipation

(72 in total), and then ask them to
come in for an MRI scan on the fourth day.
“The challenge was to produce
something small, workable, fillable, and
safe to use,” states Marciani. He tasked
design consultancy Renfrew to find a
solution.

PRODUCTION TECHNOLOGY
Renfrew design development director
Michael Phillips recalls that it could find
no technology to make capsules of that
small size (8mm by 4mm, about the size
of a Tic Tac breath mint), so it considered
novel small-capsule filling methods, and
explored other ways of containing the
imaging medium, such as encapsulating
the emulsion within a polymer gel.
The innovative idea that the Renfrew
team ultimately chose was to fill a
medical-grade tube with the emulsion, and
then use a welding process to cut and
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seal the filled tube using heat and
novel tooling. It developed tools and
iterated the process with a number
of materials and tube bore and
diameters. Experimentation helped
reduce the flashing and get
a smoother edge radius. The
team patented the method.
It also developed a semiautomatic injection moulding
production method.
As it is not a
manufacturer, Renfrew
passed the design to JEB
Technologies, a diversified
manufacturing subcontractor
and design engineering company
based in Suffolk that originally met
Marciani at the Med-Tech exhibition.
“The work that had been
done was very good,” recalls JEB
business development manager
Sean Licence, himself a qualified
toolmaker. “And what we had to
do was use that as a springboard
to develop reliable volume
manufacturing.”
Although Licence
credits the Renfrew team
with a ‘superb’ idea for the
minicapsules, it had trouble
using the process to produce
the capsules at a sufficient level
of quality. And there were time
pressures; it had only three months
to set up production, validate it and
include it in the technical documentation
to send to the UK medical council for
clinical trial permissions.
Instead, JEB came up with an
alternative production concept “in an
afternoon, out of a flash of inspiration”.
Licence recalls working the heat-sealing
jig by hand, with another engineer. After
one particular run, he recalls: “We looked
at each other, and said, ‘that’s going to
work’”. Starting with tube, they closed
one end, injected the emulsion into the
other, and then sealed it thermally. After
making some prototype tooling, they sent
samples to Marciani for approval. His okay
led them to develop low-volume, manual,
single-cavity tooling, producing about
1,000 capsules per day using a revised
design that uses plastic injection-moulded
blank rather than tube.

The manufacturing process, however,
was only part of the work required for
medical sign-off. Process validation
included materials investigation to make
sure it would not put patients at risk, as
well as sterilization validation,
packaging validation, shelf-life
testing and transport.
The team in Nottingham
carried out a first feasibility
clinical study, which was
successful. It involved giving
each of 42 test subjects a
72-microcapsule dose, all of
which were produced by JEB.
In July, Nottingham hospital started
gearing up for a second clinical
investigation to prove the capsule’s safety
and performance, following a £1.2m
funding award from NIHR. This will be a
larger trial of 436 children and teenagers
in clinics. After that, the team is possibly
going for the NHS’s Accelerated Adoption
Programme, which short-circuits the yearslong process of testing new treatments in
special cases.
Having produced the initial batch, JEB’s
next focus is on CE marking. Research
results, clinically evaluated, are added
to the technical file and to be submitted.
Licence hopes to achieve that next year.
Part of that resubmission involved
up-scaling the manufacturing process by
automating parts of the operation. That
is a step toward the ultimate production
capacity of up to 500 parts/minute that
Licence estimates will be needed once
worldwide demand ramps up. This is
because JEB’s ultimate stake in the
project was not a share of the project
cost, but the contract to manufacture
and distribute the goods, worldwide, a
model that proved very successful for
the firm in a recent defence contract. Its
hope for future income is what supports
its £320,000 investment that Licence
estimates that JEB has spent on its
minicapsule development work so far.
Pentland Medical is lined up as the UK
distributor.
Concludes Licence: “It’s an amazing
project. We are so proud of this device,
and we know it’s going to change
people’s lives because of what it will be
able to do, once it’s approved for use.
That’s a great feeling.”
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Bendy
spokes
Independent developments from the US and the UK both
combine composite materials and innovative designs to improve
the performance of traditional spoked wheels

D

ating back to the late 19th
century, spokes provide a
rigid and lightweight wheel
structure. They remain
omnipresent in bicycles and motorcycles,
although have been superseded by forged
solid steel or aluminium alloy rims in
motor vehicles. Spokes, of course, are
wire rods that lace into a wheel’s axle
hub and run radially outward to the rim,
the outer perimeter that holds a tyre.
Screw threads cut into their far ends
mate with headed nuts set in the interior
of the rim. There are usually two sets of
spokes coming off either end of the hub.
As the wheels turn, spokes experience
alternating cycles of tension and
compression, depending on their position
relative to the hub that imposes part of
the vehicle’s weight on them. Spokes
in the top hemisphere of the wheel are
pulled taught, as the hub hangs from
them; spokes in the bottom hemisphere
are squeezed by the hub that tends to
bear down on them.
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Not that the rider feels it; these
wheels themselves offer almost no give.
For mountain bikers and motorcyclists,
the work of softening bumps along
the way may be done by various
arrangements of shock absorbers
mounted in the frame. But for others, the
only cushioning is provided by the small
pillow of air enclosed in the pneumatic
tyre. That group includes users of
wheelchairs, which also ride on spoked
wheels, a feature that makes them
almost impossible to ride comfortably
off-road.
A UK innovation promises to change
that by reducing vibration up to 70%
compared to spoked wheels. Six years
ago, Jelly Products launched a design that
makes use of carbon fibre springs instead
of spokes. That ‘loopwheel’ design
provides a much greater hub movement,
relative to the rim, than spokes. Its
particularly rigid rim passes on shocks
and bumps to the carbon fibre springs,
which flex in response to minimize the

shock on the hub. Deflection might be as
much as 70mm on a 559mm-diameter
wheel, according to inventor Sam Pearce
(pictured, right, with partner Gemma
Pearce). Arranged at 120° apart around
the rim, they ensure that the hub is
supported from above and below at any
time (and, in fact, from any side, allowing
the wheel to also counter horizontal
bumps equally well as vertical ones.)
Pearce contends that the reduction
in mechanical efficiency caused by
the spring assembly – a physical
inevitability – has a negligible effect on
rolling resistance. However, weight can
affect that. Its double-loop wheels are
a lightweight 1.8kg without push rim or
tyre. And in September, the company
launched two even lighter-weight models,
Loopwheels Extreme and Loopwheels
Urban (pictured inset, above), which
feature only three springs. Although they
work in the same way, they are more than
400g lighter.
Pearce explains that the company
faced two principal engineering
challenges in creating the design. The
first was reducing the width of the
carbon-fibre springs to dimensions that
are reasonable for a wheelchair, but
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THE WHEEL

retain
sufficient
lateral
stiffness.
The second has been fastening
the bendy material to rigid metal hub and
rim, for which both a mechanical fixture
and adhesives are used.
The company, which only employs
seven people, also assembles the wheels
(production capacity: 100/month); the
springs are also made nearby. It has
benefited from £264,000 of public
funding for product development and pay
for underpinning research, carried out
in 2017 with Strategic Simulation and
Analysis (for spring development testing)
and Composite Braiding, as well as two
crowd-sourcing Kickstarter campaigns in
2013 and 2015.
Another cushioning wheel, intended for
motor vehicles, also had some big news
this year, after originally being brought to
market in 2012. Michelin’s Tweel (right)
is made of a special rim, polyurethane
spokes and a more or less conventional
hub – but without a tyre.
In June, Michelin signed a major
development agreement with General
Motors of the USA to develop a version
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of the Tweel, to be called Uptis, for an
autonomous car model from 2024 (main
picture). “The rapid gains in autonomous
electric vehicles are an interesting
opportunity for Uptis,” says Tweel product
development engineer Chris Mast. Uptis
promises never needing to be pumped up,
or run the risk of a flat or a blowout. “The
auto-makers want a maintenance-free
unit. With electric cars, you don’t have
to change the oil; their brakes can last a
lifetime. Tyres are the last maintenance
wear item on the vehicle. If we can offer
a maintenance-free tyre, we round out
the whole package.”
Conventional spoked wheels
don’t bounce because the spokes
tie the rim to the hub, keeping
it rigid. Anyone who has played
with a plastic hula hoop knows
how a circular ring of material can
act like a spring; throw it on the
ground side-on, and it will bounce,
oscillating between a horizontal and
vertical oval. This is too bouncy to
make a good car wheel.
But the way a Tweel is built
enables it to perform in an entirely
different way, even though it acts like
a semi-rigid mechanical spring. Its rim
consists of a layer of rubber sandwiched
between more rigid materials on the inside
and outside of the rim. Wound around
the circumference of outer and inner rim
is a so-called inextensible membrane
that prevents the rim from stretching or
compressing. When the hoop is deflected,

it forces the interior rubber layer to shear,
or stretch, transferring the load and
bending moment throughout the hoop
structure. Since the hub hangs from the
top spokes, the lower spokes and contact
patch are free to compress or deform. That
reduces the contact pressure of the wheel
on the ground, and over obstacles, similar
to a pneumatic tyre (pictured, below).
The stiffness of this type of structure,
known scientifically as a Timoshenko
Beam, depends on the shear strength of
the rubber and the thickness of the beam.
Varying other design elements such as
architecture, type of reinforcement and
number of spokes can match the Tweel
design to suit different applications. But,
once designed, its behaviour does not
change. Admits product development
engineer John Duty: “That’s the best and
the worst thing about the Tweel. We design
its air pressure for life. We can’t alter it for
more comfort.” And ‘life’ really could be
much of the operational use of the parent
vehicle. Tweels have been found to last
three times as long as pneumatic tyres in
lawnmowing applications in the USA.
Other Tweel models are used for golf
carts, skid steer construction vehicles. And
they could be used in many other types as
well. The biggest challenge, reports Chris
Mast, is matching the performance and the
price. Although the designs are long-lived,
they also cost twice or three times as
much to manufacture as pneumatic tyres.
Work continues on ways to try to bring
down costs.

Rigid or
deformable
hub

Shear
beam

Thin
deformable
spokes
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Selected and edited published applications from recent editions
of the patents journal. This month is Category A: ‘Human necessities’
A surgical master-slave system

GB2571319A

Keith Marshall, Rebecca Anne Cuthbertson,
Gordon Thomas Deane
CMR Surgical
Typically, in robotic master-slave systems,
an operator controls the movements of a
number of teleoperated tools using one
or more input devices. Consequently, the
operator can control the tools without
needing to be in the same location as
the worksite in which the tools are being
manipulated. Image capture devices, such
as cameras, and a display for displaying
a view of the captured images may be
included to provide the operator with a
view of the worksite. Some applications
of robotic master-slave systems include
assembly, maintenance or exploration in
hazardous environments, and minimally
invasive surgical systems.
In surgical systems in particular, the
operator(s) who may be a surgeon, an
assistant, a student or a combination
thereof can remotely manipulate a
number of remote tools (such as
surgical instruments) supported by
a number of robotic manipulators
by manipulating a number of input
devices at an operator’s console
(e.g. a surgeon’s console). As
well as surgical
instruments, the
robotic manipulators
may support image
capture
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devices, such as endoscopes, to provide
the operator with a view of the remote
surgical site on a display.
However, methods of controlling
the endoscope are inefficient at best.
Specifically, the method in which a camera
assistant controls the endoscope can lead
to delays and errors (e.g. it is possible for
the surgeon to become disorientated by
the movement of the endoscope frame of
reference with respect to the surgeon’s
position). In the method in which the
surgeon uses the input device to control
the endoscope, the surgeon needs to stop
the surgical procedure before the surgeon
can manipulate the endoscope to change
his/her viewpoint of the surgical site. In
contrast, during normal open surgery the
surgeon can move their head in response
to a need or stimulus to change their
viewpoint of the surgical site while carrying
on with the procedure at the same time.
There is, therefore, a need for an
improved master-slave system which
would allow a surgeon to more intuitively
and comfortably change their view of the
surgical site while at the same time being

able to carry on with the procedure at hand.
Accordingly, the present invention
provides a master-slave system
comprising: a first manipulator supporting
a first end effector; a second manipulator
supporting a second end effector; an
input device configured to concurrently
receive from a hand of an operator a first
movement command to effect a desired
movement of the first end effector, and
a second movement command to effect
a desired movement of the second end
effector; and a processor configured to
determine a desired movement of the
first and the second end
effectors in response
to the first and second
movement commands
received from the input
device.
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PATENTS: HUMAN NECESSITIES

Electrosurgical instrument for
ablation and resection

GB2571223A

Christopher Paul Hancock; Malcolm White;
Peter Clegg; Patrick Burn
Creo Medical
The invention relates to a combined
ablation and resection instrument, and an
energy delivery system. Surgical resection
is a means of removing sections of
unwanted tissue associated with
organs within the human or animal
body, such as the liver
or the spleen or the
bowel. When tissue
is cut (divided or
transected) small blood
vessels called arterioles
are damaged or ruptured.
Initial bleeding is followed
by a coagulation cascade
where the blood is turned into
a clot in an attempt to plug
the bleeding point. During
an operation, it is desirable
for a patient to lose as little
blood as possible, so various
devices have been developed
in an attempt to provide blood
free cutting.
At its most general, the
invention (pictured, right)
provides an electrosurgical
instrument which is capable
of simultaneously ablating an
area of tissue with microwave
energy and performing resection with
RF energy. In particular, the invention is
concerned with structure for conveying
both RF and microwave energy to an
instrument tip that is configured to emit
the microwave energy in a manner suitable
for ablation (e.g. as a substantially
spherical field) and to emit the RF energy
in a more focussed manner to enable
accurate and controllable resection to be
performed.

Self-heating insole

GB2571102A
Andrzej Rychert

The subject of the patent shall be a
self-heating insole [sole]. The insole as
invented comprises three layers. The
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bottom layer is made from a flexible
material, e.g. hard rubber or another
material that possesses a spring-back
characteristic. The middle layer is made
from a hard material, e.g. plastics used
in production of slide bearings used in
machines. The middle layer has holes,
hereinafter referred to as cylinders. They
are placed 2.5 mm from one other.
The upper layer is made from the same
material as used in the
middle layer. The bottom part
of the upper layer has rods,
hereinafter referred to as
pistons.
When marching, the shoe
user pushes down on the
upper layer. In so doing, its
pistons move down inside the
middle layer’s cylinders. The
pistons force themselves into
the bottom layer due to the
weight of the user. It is flexible
and behaves as a spring that
pushes the pistons upwards
again when the weight is taken
away.
The combination of all of
these activities results in the
pistons being in a continuous
reciprocating motion inside
the cylinders. That causes
continuous friction between
materials used in the pistons
and cylinders, heating the
insoles.

Breathable, heat-reflecting
textile articles

GB2571264A

Nikhil Kumar Aggarwal; Alexander James
Mackenzie Scott; Richard William Mark
Crane
Heathcoat Fabrics
A breathable, heat-reflecting textile article
comprises a fabric consisting of a network
of fibres, filaments, yarns or threads of at
least one heat-resistant material, wherein
the surfaces of at least some of the fibres
have a coating of deposited metal. In
a preferred embodiment the deposited
metal is selected from aluminium,
silver and gold. The fibres are preferably
formed of carbon, aramid polymers
(such as Kevlar (RTM)), polyphenylene

benzobisoxazole (such as Zylon (RTM))
or polybenzimidazole (PBI). Preferably the
fibres are also at least partially covered by
a durable water repellent coating such as
a polyfluorocarbon. The textile article has
particular usefulness in the construction
of breathable, heat-reflecting, light and
durable garments for firefighters and others
who work in close proximity to fires.

System and method for obtaining
thermal image data of a body
part, and thermal imager

GB2571379A

Aaron Whittam and Rob Simpson
NPL Management
People with diabetes are prone to serious
ulcers in their feet, which can become
infected and ultimately require amputation.
Early detection is critical to improve patient
outcomes, enabling doctors to intervene
to protect the foot before skin breakdown
occurs. Medical studies have identified
that there is a persistent increase in
skin temperature of >2°C for up to 10
days before skin breakdown takes place.
Typically, before there are any visible signs
of infection or abnormality in the feet, the
skin temperature rises.
If the temperature increase associated
with neuropathy could be accurately
identified in a timely manner, it is expected
that it should be straightforward to greatly
reduce ulceration through (for example)
preventative off-loading.
According to an aspect of the present
invention, there is provided a computerimplemented method for obtaining
thermal image data of a body part
comprising:
•receiving image data of a body part,
the image data including thermal image
data, the thermal image data including
thermal image data of the body part and
background thermal image data;
•applying a classifier to the image
data to detect a profile of the body part,
the classifier being configured to use
image data other than the thermal image
data to perform the detection;
•generating a mask from said profile;
•applying the mask to the thermal
image data to remove the background
thermal image data and obtain thermal
image data of the body part.
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Whose IP
is it anyway?
Luke Moulton (associate) of Wright Hassall explores the ownership of key intellectual property
rights, as well as confidential information, and practical steps to protect these rights

A

ll types of businesses, from
large-scale R&D companies
to a family-owned furniture
manufacturer, deal with
intellectual property (IP). In carrying
on commercial activities, many
businesses rely on their employees and
consultants with whom they contract.
Whether those commercial activities
include researching and developing
new products or manufacturing
processes, or creative endeavours, IP
will be generated. This could be the
business’ competitive advantage, and
failing to protect it could have serious
adverse consequences. Two key issues
therefore arise in relation to the IP that
is created: (1) who owns it? and (2) how
should it be protected?

EMPLOYEES

Sychugina Elena /stock.adobe.com

Broadly speaking, in the context
of the employer-employee
relationship, the law favours the
employer. The general rule is that
an employer will own
IP that is created by
employees during
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question? If so, the employer would own
the intellectual property.
Whether the employee created
the work during the course of their
employment is assessed by various
factors, including:
● the employee’s job description
● whether the work done is of the kind

Luke Moulton
the course of their employment. This
general rule is contained
within the various statutes
that govern IP rights.
Furthermore, for any
inventions which are patented,
an employee
may be
entitled
to statutory
compensation if
the invention delivers an
‘outstanding’ (that is, more than
substantial, significant or good)
benefit to the employer.
For each IP right, the
creator must be a person
employed under a contract of
employment and the work
must have been created in
the course of employment.
In other words, was the
employee employed to
do the kind of work in

of work that the employee was employed
to do
● the time the work was created and
the source of the materials used – was
this during or outside working hours and
using materials owned by the employer.
Notably, the time of creation is not
a conclusive factor. The fact work is
done outside normal working hours may
not mean it is not done in the course
of employment – there is no clear
demarcation of hours of work for many
employees today
● whether there is any agreement
between the employer and employee.
For every IP right (other than patents), it
is possible for an employee to enter into
an agreement that transfers ownership
of past, present and future IP to the
employer. This is typically found in an
employment contract.

CONSULTANTS
Notably, the position differs for
consultants. A consultant is
independent, so unless there is
an agreement to the contrary, the
consultant will be the first owner of the
IP and not the company who engaged
him or her.
The only exception to this is for UK
design rights for designs created before
1 October 2014, because in these
cases the commissioner of the design is
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LEGALLY SPEAKING

CONFIDENTIAL INFORMATION
Strictly speaking, confidential
information is not IP, because there is
no clear property to own. For example,
Coca Cola’s recipe and manufacturing
process is recorded in a document, and
the Coca-Cola Company would most
likely have owned copyright of that
literary work. However, an employee
or consultant could misuse that
information without copying or taking
the document. Ensuring confidential
information remains secret is therefore
the most important issue.
An obligation of confidence will

SFIO CRACHO /stock.adobe.com

the first owner – but this does not apply
for any designs created on or after that
date.
There may be legal arguments as
to whether the company engaging the
consultant has the benefit of an implied
transfer of the IP or a licence, but this
is by no means a certainty. Accordingly,
a written agreement addressing IP is
particularly important in the context of a
consultancy relationship.

be implied during the course of
employment between an employer and
employee because of the nature of
the relationship. However, to ensure
that there is no doubt, and to put
the employee on notice of his or her
responsibilities, it is advisable for the

contract of employment to include
express obligations of confidence.
Between a company and a consultant,
there is unlikely to be an implied
obligation, so the terms of the
consultancy agreement are particularly
important.

IP right

What does it protect

Examples

Confidential information

Commercially-sensitive, confidential information. In order to be protected, the
information must have the necessary quality of confidence and be disclosed in
circumstances that impose an obligation of confidence. There is no system of
registration in the UK.

● Trade secrets
● New or improved to products or

Copyright

Copyright arises automatically on the creation of an original work. Copyright
protects original artistic, musical, dramatic and literary works, including
computer programs, sound recordings, films, broadcasts and typographical
arrangements of published works. There is no system of registration in the UK.

● Product manuals
● Graphic designs
● Product photography
● Software

Design rights

Design rights protect the way a novel/original product looks. There is an
automatic form of protection which arises when an original design is recorded in
a design document or an article is made to the design. The unregistered system
sits alongside a system of registration which provides stronger protection.
(See also www.is.gd/bogemi)

● Novel product designs

Patents

Patents protect inventions; that is, innovative products or processes. A patent is a
published document disclosing an invention and provides the owner a complete
monopoly to exploit the invention. Broadly speaking, whereas design rights
(above) protect the appearance of a product, a patent would protect how it works.
To obtain patent protection, the product or process must be new, capable of
industrial application and not be excluded from protection. (See also pp. 26-7)

● Innovative products or processes

Trademarks

These are words and symbols used by traders to distinguish their products and/
or services. To be protected, the mark must be distinctive and be capable of
distinguishing the relevant goods and services. (See also www.is.gd/zawipu)

Words, logos, names, slogans and colours
that distinguish the origin of goods and/
or services

processes
● Business methods
● Customer lists and information
● Financial information
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PEOPLE

Phil Bateman, right, is
awarded his badge of office
by Colin Ledsome

Newly-elected vice chair
Phil Bateman, a 40-year
engineering design veteran,
has a passion for solving
what may seem initially to
be impossible problems,
and creating innovative
products, through ideation

Mr Possible

M

any designers would
recognise the situation
of being asked to fit a
quart into a pint pot,
or break the laws of
physics in order to be first to market with
the next most innovative ground-breaking
product ever seen, Phil says. And in
some cases this has been achieved
through teamwork and cross functional
collaboration with some very clever design
engineers. A couple of examples that
come to mind would be:
● Being challenged to reduce the thickness
of a mobile phone below 9mm, when the
camera to be integrated was 11mm
● Seal any plug cable from an appliance
used in an outside socket against a jet of
water (engineered ‘silicone implants’ were
the solution, following a cross-functional
brainstorm)
● Can you get that amount of air to flow
through a device without creating sound?
Having always been practicallyminded, Phil left school at 16,
choosing a five-year indentured design
apprenticeship with material testing
machine manufacturer WH Mays & Son
in Windsor. (He remains an advocate of
apprenticeships if the business has the
facilities to support the individual, to give
the best all-round experience).
Phil has then continued a career path
of increased operational and financial
responsibility, designing, managing
and directing mechanical, electronic,
software engineering, product design
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and manufacturing functions for a range
of SME and multinational organisations
across the telecommunications,
manufacturing and defence sectors.
On completion of his apprenticeship in
the early ‘80s just as CAD (computer-aided
draughting) was emerging, he moved to
Keeler Optical Products
who had invested in
the technology (Pafec
Dogs) alongside the
drawing board which
he had used up until
this point. Looking
back, he was lucky
to have joined at
the point in which the
company was redesigning its range
of Vista ophthalmoscopes, introducing
him to plastic injection moulding. A
particular highlight was being in the team
that designed one of the company’s first
handheld puff tonometers to check for
glaucoma.
From there, he moved to MK Electric,
where his career started to move into
design team leadership. After completing
a diploma in management, he moved
to the UK offices of an expanding
telecommunications firm in 1996 called
Nokia, where he would ultimately stay until
the firm was sold to Microsoft in 2012.
There was great excitement at Nokia;
the technology was moving so quickly,
Phil recalls. The designs of phones
changed every six months. There was
a huge challenge with speed to market

and technology advancement; form
factors were changing all the time. The
design process and methodologies were
challenged to speed up design, utilizing
emerging manufacturing process such
as rapid prototyping, soft tooling, FEA,
witnessing tooling times tumble from 26
weeks to 10 weeks. That was in addition
to some amazing design engineers and
teamwork, without whom some of the
impossible may not have been realised,
he adds.
Since then, Phil has worked for
ventilation equipment manufacturer
Volution (corporate parent of Ventaxia), and latterly at consumer products
group Conair (Babyliss), as director of
technical and consumer affairs, which,
Phil explains, brings together the voice of
the consumer, quality and engineering to
improve the design of products.
Having joined the IED in the early
1980s as a student, encouraging others
to become professionally registered and
others to enter engineering design, Phil
was invited to become a member of
Council over a decade ago. When asked
what motivated him to vice-chair position,
he replies: “It’s about helping others
see design engineering as a fantastic,
exciting, rewarding career, and being
able to inspire, support and help new
engineering designers achieve their full
potential, as I remember friends and
colleagues inspiring and supporting me
in this ever-changing, smaller and more
connected world we live in.”

www.ied.org.uk

INNOVATION MANAGEMENT

LEARNING

the context

Innovation management systems in various forms have always been essential for continued
success, although not always widely understood. In this third of an eight-part series, Dr Benjamin
W Watson CEng CTPD CEnv MIED looks at how to appreciate the context for innovation

I

nternational experts from more than
40 national committees have been
developing guidance for innovation
management, with standardised
terminology, tools and methods to manage
interactions between partners, how to
handle intellectual property, strategic
intelligence and, more recently, idea
management. This international guidance
identifies eight innovation management
principles, central to success.
The last edition (July/August, p9)
explained the importance of handling
uncertainty and risk by developing an
innovation portfolio to sustain core
business, and developing new solutions
into new and existing markets over time.
Successful innovation also relies on
the identification of needs, latent needs
and future needs. Some of those may be
visible now; others only likely to emerge in
the future depending on expected shifts
ranging from the technical to societal.
There are many different approaches
to systematically build knowledge through
a combination of insights and strategic
foresights. They require processing,
analysis and dissemination for action.
Insights and foresights are not the
same. Insights typically focus on the
identification of needs, shifts and deeper
meaning that may not be obvious or
known at the time of the study, yet do
already exist. Innovation foresights are
generative insights that help organisations
consider multiple perspectives of future
reality, to be shaped for their advantage,

www.ied.org.uk

Insight
Exploitation

3/

8

developing a combination of scenarios
with recommendations for innovation
outcomes.

THE IMPORTANCE OF SCOPE
Before starting to understand any
observations, one needs to know where
to look: how wide, how narrow and from
what perspective. Designers can start
from a pre-hypothesis position, casting
a wide net looking for signals and shifts,
or evaluate observations against known
strategic objectives to refine or validate
existing concepts and beliefs. The scope
very much depends on where one is
within its insights initiative. For example,
is this for setting future strategy, moving
into new markets or developing insights
to maintain a competitive edge for
existing customers?

THE APPLICATION OF
PERSPECTIVE
When mapping current and future
reality, reality can be represented as
a system comprising interactions,
interdependencies, transformations
and meaning. Designers can
rely on empathic approaches to
appreciate these realities. Supporting
methodologies and tools include
contextual inquiry, ethnographic
research and participatory design. The
PESTLE analysis tool can be a useful
aide memoire to consider a range
of perspectives. PESTLE stands for
political, environmental, emotional,
social, technical, legal and economic.
Developing and exercising insightled knowledge offers many benefits.
They include improved understanding of
the operating environment, increased
innovation success as well as increased
customer satisfaction, in addition to
improved prioritisation, helping guide the
organisation on where next to focus.

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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AUTOMOTIVE

This year marks 60 years since
Volvo first introduced the threepoint safety belt – an invention
that has proven to be one of the
world´s most important traffic
safety innovations. Indeed, it’s
estimated that more than one
million lives have been saved
worldwide since then
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1942, at a time when pilots and racing
drivers wore safety harnesses.
American car manufacturer Nash had
fitted two-point lap belts as early as 1949.
Their popularity grew following the work of
Californian neurologist C. Hunter Shelden,
who proposed their fitment among other
safety measures (including air bags).
His article, “Prevention, the only cure for
head injuries resulting from automobile
accidents” was published in the influential
Journal of the American Medical Association
in 1955.
Back in Sweden, Bohlin, who
transferred to Volvo in 1958 as
a safety engineer, knew that
an effective belt must absorb
force across the body, yet be
so easy to use that even a child
could buckle up. Therefore,
his ingenious solution took the form of
a combined lap belt with a diagonal belt
across the chest.
Although the seat belt design was
patented, the company decided the patent
was to be left open for all manufacturers to
use free-of-charge, according to Volvo.
The first car to feature the new three-

point seat belt as standard was the 1959
Volvo 122 (pictured above). In the UK, the
wearing of three-point seat belts in cars
became compulsory in 1983. However, it
was not until October 2001 that all goods
vehicles over 3.5 tonnes were required to
have seat belts fitted to the driver’s seat
and all forward-facing passenger seats.
To encourage the use of seat belts,
vehicle manufacturers have developed
reminder systems to alert occupants
that seat belts aren’t being worn, and
since 2014 these systems have become
mandatory.
And they are not stopping
there. For example, General
Motors has introduced a seatbeltignition interlock called ‘Buckle
to Drive’ as a standard feature
in the 2020 Chevrolet Traverse
SUV. Part of its 2015 Teen Driver system,
it recognises the key fobs of inexperienced
drivers. If the driver’s seatbelt is not
connected, the system prevents the car
being moved out of the ‘park’ gear selector
for up to 20 seconds. When the brake
pedal is pressed, the screen displays the
instructions: ‘Buckle seat belt to shift’.
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mindscanner /stock.adobe.com

T

he evidence for three-point seat
belts has mounted up over the
years. According to the UK’s
Road Safety Authority, the best
estimates of the effect of seat belts come
from a 2009 analysis of 29 studies. For car
and van drivers, seat belts were estimated
to be 50% effective at preventing fatal
injuries, 45% effective for serious injuries,
and 25% effective in minor injuries. For front
seat passengers, they were 45% effective
at preventing fatal injuries, 45% effective for
serious injuries, and 20% effective in minor
injuries. For rear seat passengers, those
figures were 25%, 25% and 20%. For more
information, see www.is.gd/tiribe.
Today, seat belts work together with
other injury prevention systems, including
airbags and head restraints, to keep vehicle
occupants safe. But those components
did not exist when the device was originally
invented.
Instead, the innovation came from an
aircraft engineer who originally worked for
Svenska Aeroplan Aktiebolaget (SAAB)
on ejector seats and other pilot rescue
systems, Nils Bohlin (pictured above). He
developed the modern three-point belt in

Volvo

Buckle
UP

WHAT’S HAPPENING
Course cohort
designs violin
bow adapter
Medical
wearable patented

A team of 25 schoolleavers and graduates from
around the world has created a musical
aid for seven-year-old Francesca
Hughes, to help her realise her dream
of learning to play the violin at her new
primary school this September. The
work was one of four trial modules for a
new integrated master’s design course,
NMiTE, planned for launch next year in
Hereford.
One of the design cohort’s trial
modules was to design a way for
Francesca – who was born with
syndactyly (joined digits) on her left
hand – would hold and play the bow
with fine dexterity and without pain.
Helen Rogers, MEng Programme
Lead at NMiTE, recalled: “At the start
of the project Francesca came in and
presented to our group of twenty-five
18-25-year olds. Our teams each
took moulds of her hand and went
away to design and manufacture their
solutions.”
Lane adds: “At the end of the trial
module, Francesca returned to try
the prototypes, which included a ball
and socket joint, 3D printing and a
hand-carved wooden finger support.
She was very impressed with all the
designs, and selected one – actually
the simplest design, an elasticated
device easily attachable to the violin
bow – to practise with over the summer
holidays.”
The collaboration between NMiTE
and Francesca was aided by a charity
the OHMI Trust (One Handed Musical
Instruments).
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Aseptika has won a European patent for its
medical-grade wearable, BuddyWOTCH, for use by
patients with severe cardiovascular and respiratory
diseases (EU patent number 3197354, granted
3rd July 2019). Renfrew Group International
contributed to the design and prototyping.
The product will continuously monitor,
record and transmit the patient’s physiological
signs of blood oxygen, heart rate, breathing
rate and temperature 24 hours a day, seven
days a week. With its integrated nine-axis
accelerometer, the device tracks, in real-time,
the patient’s physiological signs and how these
change over time as the patient goes about
daily life. As well as acting as an alert in case of
medical emergencies, this information is used
to continuously calculate the patient’s overall
health and to detect whether the wearer’s health
is getting better or is declining rapidly. The
BuddyWOTCH can be used to test the patient

in a GP clinic using the six-minute walk test –
something usually only performed in a laboratory
setting during sessions at hospital outpatient
clinic appointments.
The BuddyWOTCH platform connects directly
to the company’s Activ8rlives Cloud (or can be
pointed to a partner’s cloud system). Activ8rlives
hosts portals for the patient, for family members
caring for them and for clinicians, providing
continuous monitoring and alerts as well as the
index of tolerance to exercise.
The device will be CE-marked under the EU’s
Regulation on Medical Devices 2017/745 as a
Class IIb medical device, reflecting its role as a
“life-critical medical monitor” replacing a bedside
vital signs monitor for home-use, rather than a
consumer-level accessory. This has been made
possible through the development of Aseptika’s
MediOS, a real-time operating system designed to
be a clinically-certifiable operating system for use
in a range of medical monitors.
For more patent news, see also a new regular
patents feature, pp26-7.

Letter to the editor
I was interested to read ‘The Write Stuff’ p4 March/April 2019 concerning manual
dexterity. I worked in the mechanical engineering industry for 11-plus years. Then I
retrained for teaching, and have since taught in further education, in the state sector
for six years, and then in the independent sector at the Manchester Grammar School for
22 years.
I always encouraged my students to get into the habit of using pencil and paper, followed by time
on the drawing board. Even when we introduced computers and CAD/CAM, I did my best to keep them
away from CAD until the third year. Consequently, students developed a habit of using a sketch pad
when developing ideas for project work.
Of particular interest in your article was Roger Kneebone, professor of surgical education at Imperial
College, who complained that medical students’ dexterity is declining.
Over my time as a teacher at the Manchester Grammar School, I saw many talented students who
didn’t always display the highest level of mechanical dexterity. One in particular went for interview at
Edinburgh University in the 1990s to do medicine (with surgery in mind). He did well at interview, but
was sent back to collect his practical work, after which he was offered a place. He returned with this
jewelry box, made from sycamore (pictured).
Apparently, they were concerned about the lack of manual dexterity among students. So it seems
that things haven’t improved, which doesn’t surprise me, since most young people are glued to one
screen or another. Until we begin to wean young people away from screens and on to paper, not much
will change, I’m afraid.
C.J. Owen BA BSc(Hons) IEng MIED MIET
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Institution News
Hyundai designs 20km electric scooter
Hyundai Motor Group has revealed
a prototype electric scooter
featuring a 10.5 Ah lithium battery
enabling it to achieve a top speed
of 20km per hour, and also
sufficient to power the scooter for
around 20km on a single charge.
The latest concept, building
on a previous design launched
at the CES show in 2017,
features in future Hyundai
Motor Group plans to enable
first- and last-mile mobility
by integrating the scooter
with future Hyundai and Kia
vehicles. When mounted
on a vehicle, the scooter is
charged automatically using
electricity produced while
driving.
The 2019 model’s shift from front-wheel drive
to rear-wheel drive is key in enhancing safety
and stability as it positions weight near the
rear, Hyundai says. Additionally, engineers have
added suspension to the front wheel to provide a
smoother ride, even on rough surfaces.

The
scooter
weighs
around 7.7kg.
It features
a digital
display that
shows battery
status and
speed; while,
for nighttime
riding, there are
two curved front
LED headlights,
and two rear tail
lamps.
Looking at
further potential
development,
Hyundai says it
plans to install a
system to increase

regenerative braking
the scooter’s range by 7%.
A promotional video shows the electric
scooter in the context of the coming future
mobility era (www.is.gd/ucoyib).

Potty
A pair of Bristol-based designers have
developed flat-pack plant pots that can be
sent through the post. POTR pots, made
of recycled folded die-cut polypropylene,
assemble with a drawstring that also functions
as a wick to a water reservoir held in the base.
“We kept seeing house plants in concrete
pots, which seemed to be at odds with the
environmental impacts of concrete,” say
inventors Andrew Flynn and Martin Keane are
currently seeking funding on crowdfunding
platform Indiegogo: www.is.gd/umoquy

Colin Simmons
IEng FIED
It is with deep sadness
that we report the
passing of longstanding member and
active volunteer Colin
Simmons.
Colin joined the IED in 1973,
whilst working as a Design Section
Leader at CAV Ltd. Colin had started
his career in 1939 as an apprentice
in the drawing office at D. Napier and
Son, working on detailed drawings of
aero engines. His career then focussed
on aero propulsion, working for De
Havilland and CAV in Acton, designing
fuel equipment and turbochargers.
During his working life, Colin also
took time to teach part-time students
and tutored technicians and graduates
in the design drawing offices, before
setting up his own consultancy in
1985.
Shortly after joining the IED,
Colin began working with the BSi in
his spare time, and over 40 years
he represented the Institution on a
number of BSi and ISO standards
committees – the most recent
focusing on geometric tolerancing.
Colin was the head of the UK
delegation to ISO TC10 for many
years and was widely respected for
this long service and contribution to
international standards development.
It was for his efforts in this area
on behalf of the IED that Colin as
awarded a Medal of Appreciation in
2008 (pictured).
Colin was an enthusiastic member
of the IED, passionate about design
and engineering and the Institution.
He will be greatly missed.

Elections & Registrations
Registration as Chartered Engineer
Colin Goddard
Misterton

Registered CAD Practitioner
Eamon Tarrant
Hailsham

Registration as Incorporated
Engineer
Adrian Blackwell
Camberley

Transfer to Fellow
Sebastian Howell-Smith
Paul Doherty
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Andover
Taunton

Election to Member
William Page
Fiona Reid
Scott Stevenson
Harris Richards
Liam Hoyland
Francesco Siena

Haikal Lokman
York
Glasgow
Edinburgh
Burnley
Barnsley
Nottingham

London

Election to Student Member
Amy McTigue
Open University
Lewes Glen
Strathclyde University
Nathan Gibbons
Keele University
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Who are we?
This journal is produced by the IED for our Members and for those who
have an interest in engineering and product design, as well as CAD users.
The IED, established in 1945, incorporated by Royal Charter in 2012,
is a licensed body of both the Engineering Council and Society for the
Environment and we register our suitably qualified Members as Chartered
Environmentalists (CEnv), Chartered Engineers (CEng), Incorporated
Engineers (IEng) or Engineering Technicians (EngTech), Chartered
Technological Product Designers (CTPD) and Registered Product Designers
(RProdDes). We also offer professional recognition to Product Designers,
CAD Technicians, and those who teach and lecture in design or CAD.
We represent our Members’ interests at the highest levels and raise
awareness of the professional standards of our Members, whilst providing a
resource and information service, and a friendly and approachable route to
assessment and registration.
www.ied.org.uk

“For any design engineer
hoping to pursue a career in
industry, membership and
registration shows commitment

Why become a member of the IED?

to continuing professional

Membership of any professional body gives you professional recognition
and status, and an acknowledged code of conduct to work to. Membership
of the IED gives you the added credibility of being acknowledged for the
role you play in Design and Innovation, and helps to develop your skills and
knowledge in these areas.
As well as the various registrations, membership of the IED gives you the
opportunity to meet with other designers and discuss issues particular
to your field of expertise or interest. Many of our Members prefer to
communicate primarily through the discussion forums on our website,
as this lends itself to the busy work schedules – however, we also run
seminars, meetings and events where Members can carry out CPD and
meet up.
The IED is the only Institution that represents designers in all
Engineering and Product Design fields, plus those who teach these skills.

development and promoting
good practice in those with
whom we interact on a daily
basis. The IED provides a
natural home for those whose
roles encompass a diverse
range of skills.”
BH, Chartered Engineer

How do you join?
We have made the application process as simple as we can. To maintain
the high standards of membership, we need all prospective members to:
Complete an application form
Submit a CV and details of relevant educational qualifications. All applicants
are assessed by a Committee of Members.

If you are a designer who would like to gain formal professional recognition, or work in an
organisation which employs designers, and would like to have your employees gain membership
and professional recognition, contact Kim at the IED on 01373 822801 or send an email to:
kim@ied.org.uk to discuss your next step.

Engineers
Without
Borders
Engineers Without Borders-UK
is an international development
organisation that removes
barriers to development
through engineering. Our
programmes provide
opportunities for young people
to learn about technology's role
in tackling poverty.
We are always on the look out
for new volunteers, so to get
involved or make a donation
please visit out donations page
at http://www.ewb-uk.org

