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I

t is 50 years since Neil Armstrong and ‘Buzz’ Aldrin
walked on the Moon, not forgetting Michael Collins,
who remained in orbit waiting for their return from
the surface. The landing took place on 20 July 1969,
but the first step on the surface was early the next
day, with an estimated 300 million people watching
on television.
The last steps on the Moon were on 14 December 1972. This time ‘Gene’
Cernan and Harrison Schmitt did the walking and drove 35.74 Kilometres in
a Lunar Rover. Ron Evans waited in orbit on that occasion. Schmitt was a
professional geologist and the only scientist to visit the Moon. Cernan’s
last words on the Moon were: “OK, let’s get this mother out of here!”
Understandably, not as celebrated as the “One small step“ etc. None of the
Apollo 11 or 17 crews went into space again.
The achievement of the Apollo missions was indeed a giant
leap for mankind. The sadness that we haven’t been back yet
is frustrating for those who worked on it. That means that all of
the experience gained is only available from the records and
not from personal memory. Many things will have to be learned
all over again. Some complain at the cost, but a study looking
at the benefits to the American economy of new materials,
computer and control systems, manufacturing facilities, project
Half a century ago, man first walked on the management techniques and much more, derived from the
Moon. Colin Ledsome CEng FIED looks back programme, showed that Apollo paid for itself 10 times over.
to a time of momentous achievement
In history, most major periods of technological advance are
the result of military pressure. The likelihood of war is a great
incentive and frequently battles are won by the side with the
best technology. The Apollo programme was, in many ways, a proxy for the cold
war with the then USSR.
Since then, the growing space activity, and the spin-off capabilities, has
attracted marketplace interest and the next major expeditions into space are
likely to be mainly privately funded, with the prospect of eventual profit.
Even today, the large investment needed for a new communications satellite
and its launch may be recovered within a year and it will remain in service for at
least 10 years. Even the initial investment has come down, since many of the
basic satellite structures and most of the equipment is now available ‘off-theshelf’, from various suppliers, including a significant number in the UK.
The space industry is becoming a huge incentive for technological advance
without going to war.
I was working on the design of Apollo Skylab when Apollo 11 flew, and so
I welcome the new impetus to venture out beyond the security of Earth. As
Konstantin Tsiolkovsky, one of the early space pioneers, said in 1895: “Earth
is the cradle of mankind, but one does not live in the cradle forever.”

bakhurmikele /stock.adobe.com

VIEW FROM
THE CHAIR

Moonwalk:
50 years on

Get Involved

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

4

004_IEDM_JUL19.indd 4

www.ied.org.uk

02/07/2019 09:37

ASIDES

Double Dovetail
Colin Ledsome CEng FIED asks: ‘wood’ you believe it?

L

ook carefully at the double dovetail joint shown in the first figure. It
is a dovetail in two directions and, at first sight, seems impossible to
construct. One dovetail stops it coming apart horizontally and the other
stops it vertically!

However, a view of one piece by itself shows the shape is not what it seems.
It will slide into a similarly shaped cut-out in the second piece, as shown in the
lower diagram.

www.ied.org.uk
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It is intended to intrigue the viewer and has no more strength than
a normal dovetail, but applied in a different direction.
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High times!
A new generation of timepieces, inspired by the engineering and mechanics of high-performance
racing cars and bikes, is aiming to ensure that wearers of the ‘Element’ are... in their element

A

sk Formex why there is a
need for yet another luxury
timepiece in what appears
to be an already crowded
international marketplace and the answer
is unequivocal. With the arrival of the
Element brand, it points to a watch that
“withstands the most extreme challenges
and nature’s forces: down on the ground,
up in the sky, deep underwater or right
where you are”.
In other words, these are not watches
for the faint of heart, more your rugged
adventurer – men and women whom even
former SAS man, survival instructor and
TV presenter ‘Bear’ (Edward Michael)
Grylls might well admire and relate to.
For the company itself, what they are

6
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marketing is, it states, something “for
those who strive against the current
and know where they stand in life”. In
other words, here is an equally craggy
companion for those who fall into the ‘allaction’ category.
To company CEO Raphael Granito,
the ‘Element’ is nothing short of a Swiss
masterpiece, made of high-tech materials
and manufactured with cutting-edge
technologies. “We designed the Element
to be at home everywhere and to be able
to endure tough conditions,” he points
out. “In terms of materials, we’ve used
Ti grade 2 for the container.”
The container being the units that
surrounds the movement and which
is enclosed by the top sapphire glass

and the case back. “Since we have our
special case suspension system, the
container moves within the sandwich
construction of the whole case. Titanium
was chosen to make the watch lighter.
We’ve used Stainless Steel 216L for the
top and bottom plate of the case and the
pushers and crown.
“We’ve used steel here, because the
design has some polished bevels and
facets. Titanium grade 2 can’t be mirror
polished to a degree that satisfies the
aesthetical quality standards in high-end
watches. We often get what we refer to as
‘orange skin on mirror’ polished surfaces.
The alternative would be to use grade 5
titanium, which is more complicated to
work, as it requires being stamped at

www.ied.org.uk
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ELEMENTAL LIFESTYLE

Formex CEO Raphael Granito
takes to the skies to put the
Element Swiss watch through
its paces.

high temperatures. It is also less hard
than grade 2 titanium.” The black bezel is
made from zirconium oxide which
is commonly referred to as ceramic.
“I wanted the bezel to be black, but didn’t
want to use a coating such as PVD or
DLC,” states Granito. “These coatings
are not scratchproof at all – in fact are
so thin that even a slight scratch reveals
what’s underneath. Since the bezel is the
part of the watch that is most likely to be
exposed to scratches, the best option
for the Element was to use ceramic. With
its hardness of about 1200 Vickers, it’s
virtually unscratchable.”
One of the challenges when using
ceramic, however, is that, rather than
bending, the material tends to break
under structural stress. “So, to attach the
bezel to the container, we constructed
it around a titanium ring, to which it is
glued with a special compound. This ring
gives it a lot of structural strength and
the bezel passed the shock tests with

www.ied.org.uk
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flying colours. The complexity of producing
watch parts in ceramics usually limits the
use to timepieces that cost many times
the price of the Element.
“Our experience with these materials
and the fact that we sell our watches
d2c [direct to the customer], allows for
rather competitive pricing.” The hex screw
design was taken from the older Formex
models, as the company wanted to
establish the brand’s design DNA, which
is also influenced by the patented case
suspension system. “The hex screws on
top are the axis for the springs of this
system,” explains Granito. “On the facets
and bevels of the top plate, you can
find a complex mix of different finishing.
I wanted the wearer to discover new
aspects and angles of his watch long after
first putting it on his wrist.”
When looked at from the side, the case
reveals an almost industrial design look,
due to the pistons of the case suspension
that are revealed. The interplay between

DRAWING ON INSPIRATION
The founders of Formex took to the drawing
boards in 1998 and, by the end of the
following year, the first FORMEX watch
was born and opened the door for a new
generation of timepieces, inspired by
the engineering and mechanics of highperformance racing cars and bikes.
The watches feature the brand’s signaturepatented Case Suspension System. This
cushion concept protects the watch
movement from strong impacts or vibrations
and considerably adds to your comfort by
adapting to your wrist motion, states Formex.
The brand name is a combination of the
two French words ‘forme extrème’ (extreme
shape). In the following decade, Formex
launched various collections of modern
timepieces, with sports aficionados very
much in mind.

7
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ELEMENTAL LIFESTYLE

“We still change minor details we only see when
we have a real sample, such as the length or size of
indices on the dial. Mostly these are of an aesthetic
nature: the length of an index by 0.3mm.”
CEO Raphael Granito, Formex

the mirror polished, sandblasted and
brushed finish complements that look
with a more refined layer that reveals the
complexity that went into manufacturing
the case.
“Since we want to offer the best
possible value, we have to consider
production cost at every stage of the
design and development process.
We always aim to achieve the least
complicated and most efficient way of
manufacturing, which is why many of
the facets and shapes of the top and
bottom plate of the Element are actually
achieved by turning on a CNC lathe. At
first glance, this is not something that
springs to mind.
“When designing the watch, we work
with mood boards of different looks that
our next model should emulate. I usually
also have a list of technical features in
my mind that I would like the new model
to incorporate, like the special carbon
fibre composite clasp with patented fineadjustment system.” (Readers can see

8
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how this works at: https://instagram.
com/p/Bb6dyB7Bu7k/). “After
brainstorming over the mood boards, we
start sketching. Very soon, after our first
design session, we construct the case
using SolidWorks, since this will give us
a technical base to work from, allowing
us to immediately check the technical
viability of any changes we want to
implement on the initial design draft.
“Once we have a design that we
are happy with, we have to check
the feasibility with our manufacturing
partners. Since we’ve been doing this
for a while, there are usually not too
many details that need amending to
move into sampling mode. Sometimes
we still get suggestions on small things
we can change to make production more
efficient and simpler.”
The real design test is when the
first samples of each component have
been produced, since nothing can really
simulate the look and feel of the real
deal. “Often, we still change minor

details that we only see when we have
a real sample; mostly things such as
the length or size of indices on the dial.
Mostly these are changes that are of
an aesthetic nature and we’re talking
about changing the length of an index by
0.3mm,” says Granito.
Formex Swiss Watches has developed
an augmented reality app, so potential
customers can ‘try on’ these watches
before ordering online. “We’ve used the
app to make a 3D sample that can be
virtually worn on the wrist before we even
manufacture a physical sample.
“This process has helped us
eliminate the last-minute changes on our
latest model [the Essence]. We managed
to greenlight production of this model
after only one sample run.”
And the price tag? Not as much as
some might expect, with an Element
watch in ceramic bezel black starting
at around £1,270. Now, where is that
SCUBA oxygen tank and my skydiving
equipment?

www.ied.org.uk
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INNOVATION MANAGEMENT

HANDLING

Uncertainty

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

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.
Uncertainty is inevitable when
managing innovation. The challenge is
how organisations handle that uncertainty,
turning it into a competitive advantage,
both at the strategic and project levels.
The effective management of uncertainty
can help you to see what others don’t or
before the level of uncertainty becomes
a critical threat.
Handling uncertainty is often about
charting the unknown and then creating
the right operating environment to
respond to the unknown, shaping the
future.

CHARTING THE UNKNOWN
What comes next? Applying strategic
intelligence to chart current reality for
your market, and the most likely shifts,
over the next 8-10 years* will help you
to see change before it occurs. This is in
opposition to more reactive approaches,
responding to a threat once it’s already
upon you! These observed shifts should
not be limited to customer needs along
a known axis from where you are today.

www.ied.org.uk
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Innovation 2/
Management
Systems (IMS)

8

Consider the interplay between the
regulatory landscape for your industry,
societal shifts, emerging technologies,
political and environmental changes, too.

RESPONDING TO THE UNKNOWN
IMS highlights the importance of
a portfolio approach. This builds
resilience into the organisation, handling
uncertainty through a combination of
incremental low-risk projects to sustain
core business, combined with more
adventurous initiatives for new solutions
into new markets, for example. These
different responses to innovation can
track through diverse processes, such
as those popularised through
skunkworks, through to more formal
processes focused on the management
of risk, for commercial success.

IMS describes this balance as
experimentation versus exploitation,
“learning from systematic
experimentation and iterative processes”,
not only in the broad portfolio, but also at
the individual project level as well.

SHAPING THE FUTURE
Shaping the future is in opposition to
a ‘wait and see’ approach or reactive
approach to external changes. Shaping
the future also doesn’t happen overnight,
which is why portfolio initiatives may vary,
in terms of their impact, but also their
time to fruition. Working backwards from
the future will help you build a set of
horizons to guide how, when and where
to innovate next.
Regardless of organisational size and
type, this approach can be adapted to
your organisation, to charter the unknown,
respond to what you’ve learned and shape
the future continuously over time.
*Timelines vary from organisation to
organisation.

Dr Benjamin W Watson
International Expert Work Group for innovation
Management Systems. ISO/TC279. Innovation
Leader, 3M. Trustee and Councillor, Institution
of Engineering Designers.
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BEETLE
MANIA
The unveiling of Volkswagen’s Final Edition variant
of the world-renowned Beetle at the end of last year
marked their much-lamented demise. Chris Dowlen
CEng CTPD FIED FIMechE REngDes looks back at
the Beetle’s remarkable history and influence

E

ssentially, there have been
two major categories of the
Volkswagen Beetle. The vision
for the first Volkswagen, or
People’s Car, came from Adolf Hitler,
and was designed by Ferdinand Porsche
as a car for the people – a cheap car
to put the Germans on the road. But
production didn’t start until after the War,
in 1946, when the British took over the
factory. The last production examples
of this Volkswagen Beetle were built in
2003. The second category

of Volkswagen Beetle is a
retrospective visual design,
based on the underpinnings
of the Volkswagen Golf. It was
first put into production in 1997
and underwent a facelift in 2010. It is
production of this version of the Beetle
that was phased out in 2019. But this is
a good chance to put both versions of the
Volkswagen Beetle into perspective and
review their design.

The main design features of the car
were there from the start in 1936 – a
rounded form, with seating for four; aircooled horizontally-opposed engine in the
rear; a backbone and platform chassis;
independent suspension all round.
Front suspension geometry was double
trailing arms and at the rear were swing
axles. The suspension medium was
transverse torsion bars.

HOLDING ITS OWN
Typically, in 1936, cars had started
to become more rounded. Many cars
at that time had channel-section
chassis and separate bodies, with
longitudinally-mounted, water-cooled
front engines with four in-line
cylinders, and with drive to the rear
wheels. Independent suspension had
just started to come in, usually at
the front. The Beetle compares well

Left: Volkswagen Beetle 1962,
Vienna, and Ford C 1936, typical
of the cars when the Beetle
was originally conceived.
(Photos: Chris Dowlen)
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UNDER THE BONNET

Volkswagen New Beetle.
(Photo: favcars.com)

Author Chris Dowlen
Chris Dowlen’s first degree is in Automotive
Engineering and his PhD in car history. He
spent some 10 years in the motor industry,
at Triumph Cars and BL Technology, before
embarking on a 30-year career teaching at
London South Bank University. He became a
Chartered Engineer in 1983 and joined the
IED in 1986, becoming a Fellow in 2002
and CTPD in 2015. He is currently on the
Education and Training Committee and is
Vice-Chair of the Membership Committee

with cars of
that date.
In the first Beetle’s
life, the windows got bigger, but the
general layout only altered in one area: in
the late 1960s, the suspension changed
to semi-trailing arms at the rear and to
strut-type at the front, making a significant
difference to the handling.
Go to the end of the production of
the first Beetle, 2003, and the contrast
between it and other cars made then is
more significant. Small cars by then have
the same basic format – a transverse fourcylinder water-cooled engine at the front,
driving the front wheels. Almost all cars
have integral body-chassis structures, with
independent suspension all round, using
coil springs throughout, with struts at
the front and torsion beam geometry
at the rear. This is a very different
layout from the Beetle – even with its
later revised suspension. The later,
retrospective Beetle compares well, in
terms of its layout. It is based on the
Golf underpinnings, so, compared
with other 2003 cars, it has the
same layout.

www.ied.org.uk
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The facelifted version
introduced in 2011 also shares the Golf
underpinnings and the geometry of the
rear suspension changed from the torsion
beam to a multi-link arrangement.
On account of the early Beetle’s
separate backbone and platform chassis,
it is relatively easy to change the

body form of the car, as
it is non-structural. So,
a multiplicity of Beetle
variants has been
produced: convertibles,
coupés, cabriolets, a
notchback saloon,
a fastback saloon,
estate cars and
various commercial
vehicles by Volkswagen,
and the chassis has
become the basis for many
other vehicles – mostly beach
buggy arrangements.
My personal experience with
Volkswagens of the rear engine sort
started in the 1960s when my father
bought a Caravette in 1960. Camping,
even with a Caravette, has never been
my favourite form of holiday, so I fail to
see the attraction of the vehicle, even

Volkswagen Karmann Ghia
1957. (Photo: Chris
Dowlen)
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UNDER THE BONNET

leak. It always worked. It didn’t overheat.
One cannot be too critical about the
handling and space utilisation – that was
typical of its design date; car designers
were working out how to do independent
suspensions.

Tetastock /stock.adobe.com

RIDING HIGH

economy. Later, I was to learn the theory
behind vehicle handling and realise that
if I think it looks quite good and has a
terminal oversteer needs to be avoided
remarkably low drag for a large vehicle –
at all costs – having an infinite output to
due, I was told, to the shape of the front
a finite control input (on the steering, in
part of the doors which curve inwards
this case) is never a good idea.
significantly. Our version became rather
In 1978 or thereabouts, I borrowed
cold in winter when the heater pipes
a Mark 1 Volkswagen Golf from work for
were disconnected following significant
a weekend – front wheel drive, transverse
surgery to remove the rust underneath.
engine, much more space. A thoroughly
I remember scraping the ice from the
competent car and a worthy ‘People’s Car’.
inside of the screen.
So, my verdict? The Beetle was
excellent in its time and felt advanced
LOSING THAT EDGE
for the late 1930s. It had good ride. The
This was replaced early in 1969 with the
build quality was excellent. The detail
later version of the Caravette, which, in my design was good. Things fitted. It didn’t
opinion, didn’t look so good and had lost
the aerodynamic advantage of the earlier
version. In the early 1970s, I bought a
1966 Beetle from a university friend who
wanted to sell it before heading home to
the Netherlands for Christmas.
So, I got it for a bargain price and
then proceeded to drive rather long
distances in it, including to and from
Geneva on one occasion.
I was never very comfortable with
its handling, which could become what
some people called ‘fun’, if pushed to
the limit. I called it unpredictable, as
it would suddenly switch to terminal
oversteer and leave the driver out of
control. I managed to roll it on one
occasion, but it did little harm to it
or to me.
I sold the car for a profit and
bought a Saab, which had more
predictable handling, much more
space inside and much better fuel

12
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But Maurice Olley did his work on car
ride and handling in the 1930s, and
changed the face of car design from then
onwards, not just in suspension design.
Alec Issigonis designed the Minor and the
Mini in the 1940s and 1950s, and their
fundamental layout and design philosophy
changed the nature of car design, even if
the details needed a bit more work.
By 2003, the old Beetle was
outclassed in so many areas. But it lasted
so long and sold so many that it deserves
its position in the top five cars of the
century. It’s also found a place in so
many people’s hearts and we forgive its
shortcomings.
The new version? That depends on
whether you like retrospective styling
exercises. The first version of these
works quite well, but, for me, the second
seems to have lost its flair. And the
space inside a Golf seems to have been
lost in the process, too. I’m told they are
fun to drive… and there’s a flower vase.

Volkswagen Kombi
camper 1966.
(Photo: Chris Dowlen)
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APOLLO SPACE PROGRAM
The Apollo space program
was a massive undertaking,
instrumental in making the
flights undertaken to the
Moon a reality.
(Image courtesy of NASA)

Flights of passage
Apollo was the NASA program that resulted in American astronauts making a total of
11 spaceflights and walking on the Moon. As we celebrate the 50 years since the first Moon
landing, Colin Ledsome CEng FIED looks back from terra firma to relive how it all came about

T

he national divinity of the
Greeks, Apollo, is generally
acclaimed as the god of sun
and light – but is also widely
recognised as a god of archery, music
and dance, truth and prophecy, healing
and diseases, poetry, and more. With
such a glowing list of credentials, it’s
little wonder that his name became the
abiding symbol of a space programme
that sought to go where no one had
ventured before.
The Apollo space program in the
1960s was a massive undertaking. It
required not just the biggest launcher
ever built, Saturn V, but a complex
background of technical and logistical
infrastructure to enable the flights
undertaken to the Moon.
Three main NASA establishments,
backed up by a large number of other
facilities, took on the work: the Johnson
Space Center in Houston was the mission
control and astronaut training centre,
the Kennedy Space Center at Cape
Canaveral took on the final assembly
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and launch tasks, and the
Marshal Spaceflight Center at
Huntsville, Alabama, looked
after the design and engine
testing.
All came under the overview of
NASA HQ at the Goddard Centre near
Washington, which also had a research
focus. Other NASA facilities included
the Langley Research Center in Virginia,
responsible for equipment testing and
flight control and trajectory calculations
(as shown in the recent film ‘Hidden
Figures’).

SCALING UP
The Kennedy Space Center had to be
equipped to build, transport, fuel and
launch the range of Saturn vehicles.
Assembly was done in “the largest singlestory building in the world”, the Vehicle
Assembly Building, VAB. It covers 8 acres
(3 ha) and encloses 129,428,000 cubic
feet (3,665,000 m3) of space. Some
4,225 pilings were driven down 164 feet
to bedrock, with a foundation consisting

of 30,000 cubic yards (23,000
m3) of concrete. Construction
of the VAB required 98,590
tons of steel.
The VAB is 526 feet (160.3
m) tall, 716 feet (218.2 m) long
and 518 feet (157.9 m) wide. It is
designed to withstand the hurricanes and
tropical storms of the Atlantic coast,
but has been damaged several times.
It has detachable panels to equalise
the internal pressure with the exterior to
reduce damage.
The building was originally designed
to accommodate the biggest launch
vehicle then conceived, a giant called
NOVA, even larger than Saturn V. The
highest part is divided into four bays, so
that several vehicles can be assembled
at the same time. Each bay has a door
(of course, the largest in the world), with
an opening 456 feet (139.0 m) high,
which takes 45 minutes to open. The
building has five overhead bridge cranes,
two of which can lift 325 tons, and 136
other lifting devices. The bridge cranes
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On July 16, 1969, the 363-feet tall
Saturn V rocket launches on the
Apollo 11 mission from Pad A, Launch
Complex 39, Kennedy Space Center.
(Image courtesy of NASA)

Assembly of S-IU-200F/500F, the Facilities
Checkout/ Dynamic Test version of the Saturn V
Instrument Unit, being completed.
(Image courtesy of NASA)

Unexpected spin-offs
Many Apollo-era technologies resulted in the invention of new products. These spin-offs were an
unintended, but welcome, benefit of Apollo. From cordless power tools to reflective insulation,
chances are that a bit of the space program has made its way into your home as well.
Among the most famous Apollo spin-off technologies is the Dustbuster vacuum. Apollo
astronauts needed a portable drill capable of extracting core samples as deep as 10 feet below
the lunar surface. Black and Decker refined the space technology to develop the first cordless
miniature vacuum.
Today, NASA averages about 1,700 inventions per year and continues to transfer technology for
public benefit. “The more NASA is tasked with solving difficult challenges, the greater the likelihood
that we will need to invent new solutions,” says Technology Transfer Program Executive Daniel
Lockney. “Going forward to the Moon in a sustainable way will require new technologies, and these
innovations could very well improve everything from household chores to medical procedures.”
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are 500 feet (152 m) above the floor
and can touch a heavy object on an egg
on the floor, without breaking the shell.
The 40 MW air conditioning system can
completely replace the air in the building
in an hour.
Transport to the launch sites was
accomplished by the largest (again, of
course) vehicle in the world, a crawler
capable of carrying a Saturn V and its
umbilical tower, sitting on a Mobile
Launch Platform (MLP), the 3-4 miles to
the Launch Complex at one mile an hour.
Once the MLP was in place, the crawler
would bring an additional structure to
provide access to all parts of the vehicle.
One of the bridges on the umbilical tower
gave access to the spacecraft. When the
vehicle was fully fuelled, the vehicle was
shortened by the added weight and the
temperature of the cryogenic liquids, so
a second bridge, 10 feet (3 m) lower
down, gave access for the astronauts.
The liquid hydrogen fuel was provided
by a facility larger than all the previous
LH2 plants in North America put together.
The launch facilities had to support the
3,500 tons of the fully-fuelled Saturn
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V during preparations for launch, then
hold it down as the engines came to full
thrust before launch. There also had to
be clearance to allow the rocket exhaust
to pass through the MLP to be deflected
away by a water-cooled ‘bucket’ below
the complex.

SHINING LIGHT
Kennedy was responsible for the initial
control of the vehicle during launch until
the internal control systems could take
over, then it became the responsibility
of Houston. As the vehicle began to rise,
it shone a laser beam to a reflector on
a tower one mile (1.6 km) away. This
became the reference co-ordinate for
the navigation systems for the rest of
the flight.
The Marshal Spaceflight Center in
Huntsville, Alabama, is situated within the
Redstone Arsenal, where the design work
on military missiles had been done after
World War 2. Here, the original German
team, under Wernher Von Braun, had
designed the missiles deployed during
the Cold War, before transferring to the
civilian programme under NASA.
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In the 1960s, Marshal had the biggest
computer centre in the eastern United
States to carry out the analysis of the
launch vehicles being designed. It had
three Univac and two IBM mainframes,
then the largest available, in a single
building. (From 1968 to 1970, I worked
at Marshal on the design of Apollo Skylab
for Teledyne Brown, who had the main
vehicle design contract for NASA. In the
stress office, we had electro-mechanical
Friden calculators. We programmed the
mainframes by carrying boxes of punched
cards across to the computer building.)
The Michoud Assembly Facility,
situated just east of New Orleans,
Louisiana, was administered at this
time by Marshal. Originally used to build
military vehicles in WW2 and the Korean
war, it was taken over by NASA in 1961
to build the larger Saturn vehicles. One
major addition to its facilities was a
vertical axis lathe with the capacity to
machine the 30-foot diameter (9.14 m)
structural rings needed. The Saturn V
design was chosen over a larger diameter
proposal partly because it would fit
within the 12 m roof height at Michoud.

The facility has the advantage of easy
access to the Gulf, allowing barges to
carry completed stages to Kennedy for
assembly and launch.
The Johnson Space Center at Houston
is home to the astronaut training centre,
as well as mission control for all manned
spaceflights. It was set up in 1958 with
staff from Langley, becoming a major
facility with the announcement of the
Apollo program in 1961. It took on the
Mercury and Gemini control tasks prior
to the Apollo flights. It also housed
the quarantine facilities for astronauts
returning from the Moon and stores most
of the Lunar rock samples brought back.
It has links to tracking stations around
the world, including the large Parkes radio
telescope (featured in the film ‘The Dish’
in 2000) in Australia and the Jodrell Bank
dish near Manchester.
NASA is not the huge organisation
it appears to be. Hundreds of private
companies carry out most of the work
under contract, ranging from aerospace
giants, such as Boeing on McDonaldDouglas, to smaller companies, such
as my old employers Teledyne Brown
Engineering, which has been involved
in spacecraft design since the 1950s.
More recently, NASA facilities have
been opened up to the growing numbers
of private space projects, which are
becoming the future of the industry.

The first full-duration firing of the S-II flight
stage occurred at Mississippi Test Facility,
now known as NASA Stennis Space Center.
(Image courtesy of NASA)
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Irresistible
rise of AM
Additive Manufacturing (AM) seems to recognise no bounds – something that is a cause for
celebration and suspicion in what can often seem equal measure. Brian Wall reports

E

xiaoliangge /stock.adobe.com

veryone engaged in engineering
design seeks to get as close
to perfection as possible. It’s
what helps to drive engineering
designers onward in seeking to make a
difference. Many tools and techniques
have emerged to aid that quest – not
least computer-aided design (CAD) – and
now additive manufacturing (AM) has won
many converts to its cause. In reality,
AM certainly has its many plus points,
but there are minuses, too – which really
doesn’t make it that much different from
other technologies. Ultimately, it’s all
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about what you are trying to achieve with
a product/concept and the design and
manufacturing process that needs to lie
behind that.
Arjun N, the Founder & CEO of
SolutionBuggy, a dedicated online
platform for the manufacturing sector,
points to the wealth of AM success
already enjoyed by the automotive, health
and aerospace industries, while big
brand names such as Nike launched its
first athletic shoe to include 3D-printed
components. Fashion designers, artists
and food technicians are also taking up
the cause. “The technology’s potential
seems boundless,” he states. However,
he also recognises that AM cannot be
all things, to all people, and points out
where it is likely to bring real benefits
and where it is likely to fall short.

ADVANTAGES
● Variety is free – changing a part is
simple and can be made easily in the
original CAD file

● Complexity is free – printing of a
complex part costs less than simple
cubes of the same size. The less solid or
more complex the object, the faster and
more and cheaply it can be made through
additive manufacturing
● No need for assembly – hinges and
bicycle chains are some of the moving
parts that can be printed in metal directly
into the product, reducing part numbers
● Minimal skill manufacturing is
involved – professionals take care of
the complicated parts with specific
parameters and high-tech applications.
Children in the elementary school have
created their own figures by use of 3D
printing processes
● Little lead time – after completing
the part’s stereolithography (STL) file,
engineers can immediately create a
prototype with a 3D printer. Once the part
has been printed, engineers may begin
to test its properties, instead of waiting
weeks or months for a prototype or part
to come in
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3D PRINTING-AM

The potential of 3D Printing - also
known as Additive Manufacturing
- seems all but boundless, as its
influence spreads far and wide

● Less waste – only material needed is
used and hence there is less chance of
materials being wasted
● Few constraints – in the CAD software,
one can dream up just about anything,
and design the same and create it with
additive manufacturing.

xiaoliangge /stock.adobe.com

requires vast knowledge and specialist
additive manufacturing machinery is
necessary to make quality parts
● Poor mechanical properties – layering
and multiple interfaces can cause defects
in the product.
The message is quite clear: you must
cut your coat according to your cloth.
Very much at the centre of things in
guiding those planning to take the AM
path is the Knowledge Transfer Network
(https://ktn-uk.co.uk/interests/additivemanufacturing). Its Additive Manufacturing
Special Interest Group (AM SIG) – together
with British Standards Institution, FDM
Digital Solutions, Croft Additive and
Innovate UK – offers expert guidance on
AM to support SMEs (small-to-medium
enterprises) in gaining an understanding
of AM processes, so they can assess
whether AM is the right choice or not,
based on their specific requirements.
So, what does the guidance provide?
Most importantly, it outlines the key
questions that businesses need to
answer to help feed into their design,
material selection, production run and to
identify opportunities that add value (eg,
improved performance, lightweighting and
supply chain value) that are critical for AM
to deliver benefits to the business.

FLYING HIGH
DISADVANTAGES
● Production cost is high – with the
use of techniques other than additive
manufacturing, parts can be made faster
and hence the extra time involved in AM
can lead to higher costs. Also, there is
the expensive initial investment in additive
manufacturing machines themselves
● Discontinuous production process –
parts can only be printed one at a time,
excluding economies of scale
● Requires post-processing – the
surface finish and dimensional accuracy
are generally of lower quality than other
manufacturing methods
● Slow build rates – some printers lay
down material at a speed of one to five
cubic inches per hour. Depending on
the part needed, other manufacturing
processes may well exceed this
● Effort in application design and setting
process parameters – material design
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One instance of a company working
closely with the KTN’s AM SIG and
literally flying high on the strength

and performance of AM is Clogworks
Technologies. Based in West Yorkshire,
it specialises in the design and
manufacture of unmanned aerial vehicles
(drones). Co-founder Peter Opdam has
a real passion for the technology and
credits 3D printing for being instrumental
in the evolution of the company’s
trademarked ‘Dark Matter’ drones.
“I love drones, because of the
technology involved and the huge
potential when it comes to applications
for these systems,” he enthuses.
“Really, it’s just a toyshop for me. When I
look at one of my drones airborne, what I
see is a piece of flying code. I take great
satisfaction from what I do – solving
problems, and designing and creating
new parts, components and systems.
Using 3D printing, I can get exactly what
I want. I find it rewarding to be able
to design something that I can hold
in my hand afterwards – and the rapid
turnaround makes life much easier.”
How does he feel drone technology
will evolve? “I always think of the drones
we see now as the micro computers that
we saw twenty to thirty years ago. It is
exactly the same feeling and sensation
to me. There are so many possibilities
ahead,” enthuses Opdam.
See page 18 for our exclusive interview
with Clogworks Technologies’ Peter Opdam
on the vital engineering design elements
that go into the creation of his ‘Dark
Matter’ drones.

MANY-LAYERED TECHNOLOGY
Although the media, in particular, likes to use the term ‘3D Printing’ as a synonym for all additive
manufacturing processes, there are actually lots of individual processes that vary in their method
of layer manufacturing.
As the Additive Manufacturing Research Group at Loughborough University points out: “Individual
processes will differ, depending on the material and machine technology used. Hence, in 2010,
the American Society for Testing and Materials (ASTM) group ‘ASTM F42 – Additive Manufacturing’,
formulated a set of standards that classify the range of Additive Manufacturing processes into
seven categories.”
These categories include vat polymerisation, which uses a vat of liquid photopolymer resin, out
of which the model is constructed layer by layer, and fuse deposition modelling (FDM), a common
material extrusion process trademarked by the company Stratasys. Here, material is drawn through
a nozzle, where it is heated and then deposited layer by layer. The nozzle can move horizontally,
while a platform moves up and down vertically after each new layer is deposited.
See https://www.lboro.ac.uk/research/amrg/about/the7categoriesofadditivemanufacturing
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Up &Away
Additive Manufacturing has made great strides forward since
it first arrived on the scene. For Peter Opdam, co-founder
of Clogworks Technologies, it has allowed huge flights of
imagination.
grounded him long
enough to understand how he applies this technology in the
design of his ‘Dark Matter’ drones

Engineering Designer: Where do you
start from when designing a drone?
Peter Opdam, Clogworks
Technologies: For me, a new design
always starts with asking myself lots of
questions. For example: What is the use
of this product? What would a carefully
designed, and precision engineered drone
look like? What is the optimal component
count? How do all components
interconnect? How can I manufacture
everything with the equipment available to
myself? How would the product be used
by the end-user? Whilst I’m asking myself
all these questions, I start visualising the

Peter Opdam, with one of
his ‘Dark Matter’ drones.
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product, all individual components down
to every minute detail in my mind. This
is very much like looking at the entire
product in CAD design software. By the
time I start drawing things out in CAD,
I already know how everything sticks
together. It’s just that I can then show
the product to other people and get their
opinion before progressing.
ED: What are the essential elements
involved in the design process?
PO: There are many essential elements
that are requirements for our Dark Matter
products, the obvious one being flight
performance. But it goes much further

than that. When I first started designing
the Dark Matter hX, I wanted the drone
not only to have great flight performance,
but also be weather-resistant, modular,
ruggedised, strong, easily transportable,
maintenance-friendly – and the list goes
on. I basically view the design of our
products as a very large equation, with
lots of variables, that needs to be solved
and hold true. Only when everything works
in harmony can the end user expect a
true plug-n-play user-friendly solution.
ED: Tell us about how the design
depends on the particular role you
want a drone to perform
PO: The end-user application is super
important, of course, and a crucial part of
the design process. Usually, an enterprise
drone user uses his/her aircraft for a
number of applications and sometimes
different applications require different
drones. This is where the true modularity
of Dark Matter comes in – it allows us
to design add-on options that optimise
the aircraft for particular applications, so
the end user can assemble the optimal
configuration for his or her application
on the day. One obvious thing is the
payload possibilities, but there are other
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‘Dark Matter’ designs have been
aerodynamically optimised to maximise
efficiency, ensuring better flight
characteristics and longer flight times.

things, too. For example, the removable
arms fitted with an efficiency motor can
be replaced with an arm that is fitted
with a motor capable of producing much
more thrust when the user needs to
lift heavy payloads. Another is to use
longer retractable legs for more payload
clearance or just a large ‘fixed’ landing
gear. With Dark Matter, we have taken
modularity to the next level and you can
transform your Dark Matter hX drone
into a Dark Matter qD or vice versa by
assembling the aircraft in the desired
configuration.
ED: What similarities do drones share,
design wise, with other aviation craft?
PO: In my view, manned aviation
history is a great teacher and
there are lots of lessons to be
learned that are very relevant
to drones. It is very clear
to see the differences
between the Wright
brothers’ first design
and a modern fighter
jet. More than 100 years of
design and manufacturing evolution – it
would be foolish not to look at this. I
regularly study aircraft designs, in case
I come across something that I can use
to improve drone designs. For example,
Dark Matter designs have been
aerodynamically optimised to maximise
efficiency, which leads to better flight
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characteristics and longer flight times.
Multirotor drones are a fairly new type of
aircraft and I expect them to have a place,
without replacing existing aircraft. For
instance, a helicopter does not replace a
traditional fixed-wing aircraft.
ED: How do you decide on the materials
to be used when designing your ‘Dark
Matter’ drones?
PO: I have always been very interested in
carbon composites, given its properties.
Using carbon fibre was an obvious choice
for us, as it gives us full control over the
strength and weight of the components
we produce in-house. We can basically
make our carbon parts as strong, or as
light, as we need and control where the
strength is within a component. This is
where in-house capabilities really work
well together and we can take advantage
of that. We design
something and use our
high-precision CNC

to machine our own moulds and then
make our own carbon parts. Sometimes
we do this within a day and have the
carbon part in our hands the next
morning. We also use the CNC to machine
metal parts, using certified raw materials.
This can be aircraft-grade aluminium,
stainless steel or titanium. We also use
our 3D printers to produce resin parts
where we cannot use carbon or metal.
The choice of materials is always made at
the very early stages of the design, so we
can optimise things early on.
ED: What advances has drone design
seen in recent years?
PO: In terms of drone chassis design,
there are advances, but I still see a lot
of drone manufacturers taking the easy
route. In terms of electronics, sensors
and software things move forwards all

Manned aviation history
is a great teacher and
there are lots of lessons
to be learned that are very
relevant to drones.
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the time. For me, drones are still
at an early stage of development
– much like the early days of the
microcomputer. Having worked
as a software engineer for more
than 35 years, I feel there is
a tremendous potential for
drones to move forward in
software, eletronics and all
other areas.
ED: Have you reached
the point where the design has become
as good as it gets – or are there other
advances still to be made?
PO: For me, a design is never complete
or perfect – there is simply no such thing,
as a design can always be improved,
however minute that improvement is.
I do the best I can with the resources
available to me and, when the product
is ‘finished’, I always look to see if I
can make further improvements in the
future. Where other people may look at
a new Dark Matter product and state it’s
perfect, I only see the things I would like
to improve. This always makes me very
excited as this drives me....constantly!
ED: Describe the novel ways in
which drones are now used?
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PO: Drones are already being used for
lots of different applications across the
world, with new applications appearing
almost daily. The obvious ones are
perhaps photo, video or films, but there
are many others uses today: inspection
work, emergency services, surveillance,
security, mapping, agriculture, geography,
farming and logistics, to name but a
few. In many cases, drones are already
used widely to replace dull, dirty and
dangerous tasks.
ED: How do you see the future – in
what ways might drones be used that
no one has really thought of?
PO: Drones are an amazing tool and
we are just at the tip of a giant iceberg.
They will appear everywhere across
many different industries, as they realise
more of their true potential. With new
high-quality sensors, powerful onboard

computers running smart and
complex software solutions,
drones will become widely
used everywhere; they
will become an integral
part of our future. I
believe the number of
usable applications
is almost endless –
let’s do something
good with this exciting technology!
ED: Not everyone loves drones and
sometimes they attract negative
coverage in the media.
PO: I would like to stress that most
of this bad press involves consumer
drones operated by non-qualified
pilots, who are usually oblivious to the
current rules and regulations. For the
enterprise drones, pilots must have
completed various tests to become
a qualified and licensed operator for
commercial operation, and are well
aware of those rules and regulations.
In time, the rules and regulations will
tighten and hopefully make some of
the negative drone reports a thing of
the past.
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COVER STORY
Cedar and Stuart Anderson,
co-inventors of the Flow Hive.

What’s
the BUZZ?
The Flow Hive has literally tapped into a highly lucrative concept: so compelling that a
Crowdfunding campaign launched to market the new design hit its target of $70,000 in seven
minutes. Eight weeks later, pre-orders topped more than US$12 million. Brian Wall reports

T

he Flow Hive design concept
started to take wing with the
thought that there had to be
a better way to get honey
from a bee hive – one that was more
gentle for the bees and a lot easier for
the beekeeper. Up to that point, Cedar
Anderson was extracting honey in the
conventional fashion, going through a long,
labour-intensive process that would take
all weekend, “making a big, sticky mess
in the shed,” he recalls.
“So, I came up with this idea of just
being able to turn on a tap outside the
beehive where the honey flows straight
out.” It sounds simple, but simplicity is
often only arrived at through a complex
process, as many an engineering designer
will vouch. And Anderson encountered
more than his fair share of ‘challenges’
along the way.
“The first big hurdle was that honey,
being quite viscous, didn’t want to flow
out of the hexagon matrix easily. I would
get a piece of honeycomb, cut the front
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and back off the comb and tip that on
its side, but the honey, although ready,
would not flow out. I had to think of ways
to overcome that, so I thought of little
robots that went along and sucked honey
out of each cell. I thought of piston
plungers that went down each cell
and I actually cast fibreglass
pistons that went down a cell
matrix to push the honey out.
That didn’t work very well.”
Next, he designed systems
where the capping – the wax
sheet they put over honey when it
was ready – would pull away inside the
hive and the body of the comb would move
backwards into those pistons. That didn’t
work either! “One morning I woke up and
thought, ‘Hang on a second. Maybe it
doesn’t have to be a hexagon matrix all
the time. Maybe it can be hexagons when
the bees are filling it and then change
into something else when it’s time to get
the honey to come out.’ So, I created a
simple, but elaborate, prototype using

basic tools like drills and bits of old car
tyre for a diaphragm. So I now had a
hexagon matrix that would split in the
horizontal direction. When they came
together, it would form honeycomb.
When they pulled apart, it
was like two mountainous
structures. When you
sucked on the tube from
outside the hive, the
parts would move inside,
creating a space inside the
comb where honey could
flow down and out.”
It was input from his dad Stuart,
co-founder of the Flow Hive, that brought
the real breakthrough. “After a few strong
coffees, my dad suddenly said, ‘How
about, instead of them going in this
horizontal direction, we go in a vertical
direction’, and just moved his hands like a
honeycomb cell splitting down the middle.”
This was their Eureka moment. “That was
the first big win in what we call the vertical
separation method, which basically is the
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guts behind the design today, where we
have channels that form inside the comb
in a vertical direction at the turn of a lever
from outside of the hive.”
There were many challenges still to
be faced by father and son at their honey
farm near Byron Bay in New South Wales,
Australia, such as fashioning moving parts
inside the combs to create the channels
that would prevent the bees’ legs or wings
being caught when honey harvesting was
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in progress. “We achieved that by building
in bee-shaped clearances, whereby, if the
bees are are down the cells, they can then
pull themselves out.” Another challenge
was how do we make it all cost effective.
“When we designed the first hives, we had
big metal cam rods down the centre of
the frame. Then we changed that, so the
beekeeper had just one tool to operate
multiple frames. Another challenge was
future-proofing our frames for automation.

We overcame that by putting a nice wide
slot for the ‘open’ and ‘close’ positions.
This allows us to use pneumatic tubes for
automatic harvesting.”
Prototyping was also something
they had to resolve, as 3D printing was
quite expensive for the quality they were
seeking. “We actually paid $2,000, when
we had very little money to invest, to print
a small section of a comb to carry out a
proof of concept on our vertical separation
method. That was the first jar of honey
that came out of a hive, which was actually
a pretty exciting moment.”But they knew
they now had to scale up, testing the Flow
Hive across multiple hives with different
beekeepers around the world, to establish
whether or not the bees would accept
the concept. “We had to make the jump
to injection moulding really quickly, which
was expensive, but luckily we got a loan
off my grandfather to do that.”
All sorts of materials were considered
for the construction, including glass, metal
and plastic. “However, when you’ve got
honey on metallic surfaces, because it’s
a bit acidic, you can even taste it on a
teaspoon,” states Cedar Anderson. “So,
metal was ruled out and glass didn’t
really make sense. Lots of beekeepers
use plastic fully-drawn frames or plastic
foundations in their brood boxes, so we
chose the best one that was already
accepted both by bees and beekeepers –
and that’s polypropylene.”
The Andersons also wanted to use
the best food grade they could find.
“The materials for the clear faces were
important and we chose a copolyester,
because that’s what they use in babies’
bottles, for example, and it’s free from
BPA and BPS or any bisphenol products.”
The rest of the hive was kept as
natural as possible, letting the bees
draw their comb from wooden frames,
rather than any plastic being used in the
brood box. “Most of the early design and
actual prototyping was done by myself, in
conjunction with my father. Then I would
make up a quick, rough prototype, put it
in the hive and it would often be months
and months before getting any feedback
from the bees on whether they liked it – or
whether indeed it would work at all!”
The upshot was a process that took
something like a decade from initial
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concept to pre-production model. “Once we
had our successful working prototype and
pre-production model, it was then a matter
of how we took that to market, such as
finding investors or selling on the concept,
including licencing it, and so on. I also kept
coming back to this idea of Crowdfunding.
It means you don’t have to make the hives
first and store them as inventory.
“You don’t have to find the money
upfront to create large-scale production
tooling. You simply have your design and
then secure the funding first. We could
see Crowdfunding projects that had
implemented this formula successfully, so
those projects were already winners before
they ever went into production.”
With the help of his sister, who’d been
studying film and working in the field, a
Crowdfunding video was put together. “I’d
done some weekend courses in marketing,
so I had a good idea of what I need to
hit in the marketing script,” says Cedar
Anderson. “During our testing phase with
beekeepers, we realised the market wasn’t
as commercial as we originally thought.
The hobbyist beekeeper wanted the Flow
Hive straightway, whereas the commercial
beekeepers asked lots more questions and
were much more standoffish.”
What happened next was quite
extraordinary. “We dropped a teaser video
onto our new Facebook page. People just
loved it and started pressing ‘Share’.
Within 30 hours, we had a million views.
Then a week later, we launched our
Crowdfunding campaign and started
breaking records. In seven minutes, we
hit our target of $70,000. In two hours,
we hit a million dollars’ worth of orders
for our Flow Hive.”
And the record-breaking didn’t let up.
“Eight weeks later, we had the most
successful – and it still is – Crowdfunding
campaign on the Indiegogo platform, with
over US$12 million of pre-orders.” That
was great news – allowing for the fact that
20,000 Flow Hives had to be produced
in a short space of time! “That was quite
frightening, but we found the right factories
in Australia and the USA that could meet
the deadline. Basically, what we did was
to dial up a 24/7 production line for six
months straight.”
So how does the Flow Hive function?
At its core, there is a plastic foundation,
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or partly-drawn foundation matrix, that the
bees cover in wax and build their comb
onto, to create the honeycomb. “Then
we come along from the outside, insert
something that looks like a long Allen key,
turn it and channels form inside the comb,
allowing the honey to flow down the inside
of the frame and into the trough in the
bottom and out of a tube into a jar. At the
turn of a handle, you’ve got beautiful, fresh
honey that needs no further processing.”
With a conventional set-up, you have to
don a bee suit, smoke the bees, pull apart
the hive, remove the frames and take them
to a processing shed or laundry. “You then
have to cut the wax capping off the frames
with a heated knife, put those frames into
a centrifugal extractor, spin that up to a
high speed and spin that honey out. It hits
the stainless steel walls of the extractor,
goes down to the bottom, along with bits of
wax and bee bits etc.
“From there, you go through a process
of settling and then filtering your honey, in
order to get it to a good product. If that’s
not enough hard work, you have to then
go back to the hives, get in your bee suit
again, pull the hive apart, put those frames
hopefully back in the same hive, so as not
to spread disease – and the whole process
then starts all over.”

There are other benefits from the Flow
Hive approach, too, he points out. “One
is that the honey tastes better, because
it’s got zero processing and you’re able to
isolate single-frame flavours. You can drain
each frame into a jar, whereas it was not
practical to do that conventionally.”
On a worrying note, Anderson points
to diminishing bee numbers, something
that has been in the news for a number
of years. “We’re happy to say that, just
from our customer base, we’ve added
10% to that number.” More beekeepers
means more of them advocating for the
environment and ecosystem the bees
need, in order to thrive. “That is a really
important piece of the puzzle,” he points
out. “We’ve also installed built-in features
that help the beekeeper look after their
bees, integrating pest management into
the base of the Flow Hive, as well as
enabling the beekeepers to observe what
is happening within the hive.
“We’re seeing a very passionate
community of beekeepers that has sprung
up around our invention. We’re proud that
about half of our 60,000 orders of Flow
Hives, in 130 different countries, are new
to beekeeping. We’re creating content
every day on our website to support their
beekeeping learning journey.”
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CONCORDE ACCORD

SUPERSONIC

promise
The 2 March this year marked the 50th anniversary of
Concorde’s maiden test flight. Now ‘Son of Concorde’
is waiting in the wings (albeit distant ones!), aiming
to eclipse its mighty forebear

W

hen Concorde arrived on
the scene, it was truly
iconic and helped to
add a touch of glamour
to the engineering industry. Heralded
as a masterpiece of engineering, with
innovative carbon-fibre brakes, fly-by-wire
controls and its record-breaking flight
time, the plane’s design would mark the
future of air travel.
Sadly, the aircraft had its last flight
in October 2003, but a new supersonic
(faster than the speed of sound) airliner
aiming to stake a claim to the title ‘Son
of Concorde’ could have its first flight next
year, while Boeing have unveiled plans
for a new hypersonic jet, travelling around
five times the speed of sound, which
could fly from New York to London in just
two hours, reaching speeds of Mach 5 –
approximately 3,800 mph. That’s about
1.5 hours faster than the time it took
Concorde, on average, to complete the
same journey. But don’t too excited at
the prospect. Boeing says it is still 20 to
30 years away from reality. So, what has
changed in the intervening years, as far
as engineering design is concerned?

DESIGN TOOLS PROGRESS
“Half a century on, engineers have far
superior aircraft design modelling tools to
work with than fifty years ago,” says Chris
Hayhurst, European consulting manager
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for MathWorks. “However,
there are still significant
challenges. First, when
designing a brand-new
aircraft, it is important
for engineers to develop a
complete set of requirements
for the aircraft system. Yes, they
can partly be based on existing
designs, but they might include the
integration of innovative technologies
that haven’t been used previously and
will require extremely comprehensive
testing to meet the necessary safety
requirements. This is also the case
when understanding how a new aircraft
will interact with all other systems, such
as air traffic control, airline operational
management etc.
“Secondly, with increasing pressure
to be more environmentally friendly
and cut operational costs, reducing
fuel consumption requires designers to
minimise aircraft weight and increase
engine efficiency. Yet this it very difficult
to achieve without sacrificing safety,” he
cautions.
One of the most compelling uses
of computer modelling is to enable
engineers to complete comprehensive
testing of the full aircraft design before
building the first physical prototype
aircraft. “This is particularly important
when previous flight test data from

conventional
aircraft won’t help [you to] understand
what will happen when travelling at
supersonic and hypersonic,” states
Hayhurst. “It can also be an expensive
process, if the prototype must be built
several times over. Simulation can also
help reduce the flight test time needed
to ultimately achieve airworthiness and
other certifications for the aircraft.”
Back in the 1960s, the engineers
had limited design modelling tools, yet
they were able to design a revolutionary
machine, he points out. “When Concorde
was being developed, its design was
one of the very first to use Computer
Aided Manufacture (CAM), but at that
point it was too early for the extensive
use of Computer Aided Design (CAD)
for mechanical parts. Since then, CADCAM has been fully adopted by all
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Having consistent design
details and materiality
across the project was

“Now it is possible for aircraft designers to use
modelling tools to create a complete dynamic and
operational model of an aircraft that can be
fully tested before a real aircraft is ready”
Chris Hayhurst, European consulting manager for MathWorks
aircraft manufacturers for the design and
manufacture of physical parts.”

BEHAVIOUR MODELLING
In terms of how tools have progressed,
the next phase of innovation was the
creation of dynamic behaviour modelling
that allowed designers to predict how
parts of the aircraft will behave, not just
their shape and composition. “Now it
is possible for aircraft designers to use
modelling tools to create a complete
dynamic and operational model of an
aircraft that can be fully tested before
a real aircraft is ready. This dramatically
reduces the time required to create the
final aircraft and the number of expensive
redesigns required late in the aircraft
development.
“The final aircraft is more likely
to meet all requirements and to be
adaptable to changing customer
requirements, because of the extensive
testing and redesign that is possible
virtually – before making expensive
physical changes to the aircraft and
associated systems.”
It’s also worth noting the collaborative
design method between the French
and British that made Concorde real.
“Sharing and simulating aircraft models
and transferring enormous data files
with today’s cloud computing have
revolutionised collaborative working and
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would have been incredibly useful at
the time to accelerate the work for the
engineers involved on the project.”
So, on the anniversary of Concorde,
and with the ‘next-gen’ Concorde on
the radar, what does the future hold for
aircraft design? “Ultimately, fuel efficiency,
operational cost, operational constraints
and safety are the main drivers of the
civilian aerospace market. Therefore,
any future designs will focus on these
requirements.”

ELECTRIFICATION FACTOR
To this point, one of the most active
areas of future aircraft development
that may reduce fuel usage and noise is
electrification, says Hayhurst. “A hybrid
or fully electric aircraft may be able to
take off and land 24 hours a day, without

exceeding noise limits,
and so greatly expand
airport capacities. In
the future, we will also
see the role of predictive
maintenance grow in
prominence for aerospace.
Data analysis about the
performance, management and use
of aircraft will improve significantly in the
coming years, with artificial intelligence
enabling real-time monitoring of aircraft
systems in operation, identifying faults
and scheduling maintenance before they
have any impact on safety or operational
availability.”
If supersonic and hypersonic aircraft
can be engineered to reduce the cost of
a passenger mile, maintain or improve
safety, at the same time as reducing the
time taken to reach destinations, then
it will be a major part of future aviation.
However, with the tight operating margins
of current airlines, supersonic and
hypersonic may continue to be a niche
market within the wider civil aerospace
industry.
“Understanding the future of
hypersonic planes will be as much about
rolling out a digital prototype as a physical
one,” he concludes. “Today’s modelling
tools can address the technical and
process challenges of aircraft design
and make engineers’ dreams a reality.
With this new technology, the boundaries
of aerospace are being pushed to their
limits and the future of air travel is set
to transform. Whatever the ‘Son of
Concorde’ looks like, we can be assured
that the aerospace engineering behind it
will be as exciting and as ground-breaking
as the original.”
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Quest for a
delicate balance
The 102-metre Project ‘Balance’ claims to be very different in its design concept
and approach from other motor yachts. But it is very much the preserve of the wealthy

T

raditional motor yacht
design often begins with the
conception of interior layouts
or an exterior profile. Following
the development of these, the naval
architect is left to determine the resulting
gross tonnage, and optimise a hull and
propulsion package around the design.
This process frequently leads to yachts
of a significant volume, in relation to their

PROJECT BALANCE: TECH SPECS
Length Overall: 102.0m
Length Waterline: 102.0m
Beam: 15.3
Draught (Half Load): 3.7m
Gross Tonnage: 3000
Maximum Speed: 18.5 knots
Efficient Cruise: 14.5-16.0 knots
Range: 5300m
Main Propulsion Engines:
2x 16V2000M72 @ 1440kW
Generator Package: 3x 500ekW
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dimensions, and the demand for relatively
high maximum speeds can result in a
design that is in a vicious circle of everincreasing gross tonnage, driving more
weight, more power and more technical
space; in turn, driving the need to
increase gross tonnage further.
Designed by Sinot, enabled by
Oceanco’s LIFE platform, and developed
in collaboration with British naval
architecture and engineering firm Lateral,
the 102-metre Project ‘Balance’ claims to
be very different, leveraging a number of
fundamental naval architectural principles
to deliver a design that operates in what
is described as a ‘virtuous circle’: less
weight, less power, less technical space,
in turn driving the need for a lower overall
gross tonnage and affording a better
balance of technical and luxury space on
board. Delivering an extensively optimised
long waterline and slender hull to form
low resistance, the design, according
to Oceanco, sits at the top of MARIN’s
statistical database for modern motor

yacht forms. This virtuous circle is said
to have resulted in being able to select a
lower engine block series, which means a
significant reduction in the vertical height
required in main machinery spaces.
At the centre of the ‘circle’ is the
result: a single tier engine room. Where
conventional designs of this size would
usually employ a full height engine room,
Balance is able to utilise a single tier
design. Coupled with a hybrid propulsion
system, this is said to deliver exceptional
performance and is configured to offer
multiple operational modes, each
matched to the variable operating
profile of a yacht designed to adventure
autonomously across the world’s oceans.
The single tier engine room at the heart
of the LIFE platform delivers greater
accommodation and lifestyle space, as
well as more flexibility in layout.
Explaining the engineering design
philosophy behind the project, Lateral’s
managing director James Roy states that
balance is indeed at the very heart of the
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SUPERYACHT

The 102-metre Project
‘Balance’ is said to deliver
a design that operates in a
‘virtuous circle’: less weight,
less power, less technical
space.

e
vessel. “We do not live in a linear world,”
he says. “The world is in balance; our
earth and its ecology act as a coordinated
system to maintain the balance of nature
and a state of equilibrium. A small
change in a seemingly benign parameter
is balanced out by another to ensure
the complex system remains in balance.
Project ‘Balance’ is a yacht with a natural
balance of proportion, form and space –
achieved by taking inspiration from the
laws of nature and asking new questions.”
Engineering Designer asked James
Roy, Yacht Design director, Commercial
Shipping at BMT (of which Lateral Naval
Architects is a subsidiary), for his input on
specific aspects of the yacht’s design:
ED: How was the design process
managed and developed?
James Roy: ‘Balance’ is a speculative
design and engineering project. As such,
the boundaries of time and process are
freer than they are normally with a realworld project that has to operate within
commercial and time constraints. This
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freedom brings greater opportunity to
explore new design avenues, experiment
and innovate. Ultimately, this project was
very much about collaboration between
ourselves as the naval architect; SINOT as
the creative design team; and Oceanco as
the shipyard.
ED: What was the initial ‘brief’ behind
this and how did it evolve from there?
JR: ‘Balance’ did not start with a
traditional design brief, but was rather
a culmination of a number of design and
engineering ideas and technical narratives
that were being developed both on paper
and on real projects. The underlying
technical platform is derived from a 109m
yacht to our naval architecture. The key
narrative behind ‘Balance’ is a question:
“How can the application of technology
achieve a more effective and
balanced use of technical
and luxury space?”
ED: What design challenges
were encountered and
overcome along the way?
JR: A key challenge on
any yacht project is to
maximise the area available
to the owner, whilst making
other areas functional and
serviceable. The technology
behind the single tier engine room design
has enabled that to be achieved.
ED: What materials were used in the
construction and why those in particular?
JR: The design would use a steel hull
and aluminium superstructure. These
are common materials in superyacht
construction of this size, because they
provide the optimum balance of strength
versus stiffness and robustness.

ED: How long was the design phase?
JR: On a speculative design, the design
timeline is elongated, as there are no
commercial pressures, so the design
evolves at a natural pace, rather than
being forced into a particular processdriven timescale.
ED: When was it completed?
JR: Everything came together in time for
us to release the design at the Monaco
Yacht Show last year [https://www.
monacoyachtshow.com/en/].

And now the big question – who tends
to buy something of this scale and
sophistication? Says Roy: “Superyacht
customers are ultimately UHNWIs [Ultra
High Net Worth Individuals] who are
seeking to make an investment that will
enable them to explore the world, enjoy
time with their family or just make a
statement. There are many reasons why
owners buy a yacht and every one of them
is unique. When one looks at the cost of
a superyacht relative to any other luxury
purchase, be that an aircraft, real estate
or anything else, then a superyacht is the
mother of all luxury purchases.”
According to a report by global media
company Forbes (which puts together the
annual statistics on current billionaires),
a 100-metre superyacht with a top speed
of 25 knots and 50 crew members would
cost around $275 million on average.
Considering the 30 largest superyachts
are all longer than 100 metres, they
can often cost significantly more. At
102 metres long, some of the buyers
interested in Project Balance might well
be part of that rich list.

Project ‘Balance’ is described
as a yacht with a natural
balance of proportion, form
and space.
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Smart Contracts
– The future?
Tariva Thomas, Associate Solicitor at Wright Hassall, discusses the introduction
of ‘Smart Contracts’ and analyses their impact

W

e have all heard about
‘smart contracts’ for quite
some time. The tech
industry has been getting
very excited about the capabilities of this
software, however, is this anything new?
Is it the way forward? Or is it still a long
way off from having any real impact in
sectors beyond tech?
What is it? The phrase ‘smart
contracts’ was coined by a US scientist
(Nick Szabo) in 1994 – yes, 25 years
ago! A smart contract is not a contract
in the traditional sense. It is a selfexecuting contract which requires little
or no human intervention to activate
or enforce performance. A widely used
example is a vending machine. However,
smart contracts today have an added
dimension – blockchain.
Blockchain is the word on everyone’s
lips at present: those who work with
it, those who want to work with it and
those who are praying that they won’t
have to! At a very basic level, blockchain
is a form of digital ledger technology
(DLT) and is stored across a network of
computers. Data is stored in blocks
and is then linked together
(hence blockchain).
Incorporating blockchain
into a smart contract
involves coding the
contract into data
blocks. The magic
then happens
due to the chain
of data that is
created. If a
transaction or an
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that payment for the production
of a consignment of goods will be
automatically triggered once that specific
requirement of the contract has been
met i.e. delivery at a certain depot, as
opposed to waiting for an invoice to be
generated at the end of the month and
then waiting a further 30- 90 days for
payment.

IS IT THE WAY FORWARD?

event has an impact on the contract, it
is automatically recorded and managed
by blockchain, so any outcomes can
occur automatically without human
interference.
For example, using a smart contract
in a manufacturing context will mean

Yes, but there is a ‘but’. It is
certainly the way forward for
relatively simple contracts that
can be coded and executed
automatically once pre-conditions
have been met – eg, in
residential conveyancing where
completion monies can be
released as soon as contracts
are signed. Smart contracts
will save businesses globally
a significant amount of time
and money, and will radically
change the way that they interact with
one another in the supply chain and
with their consumers. There will be
limited human interaction, which
will free up individuals and key
decision makers from dealing
with routine administration
and red tape, enabling
them to get on with the
day job as the smart
contract automatically
takes up the slack.
Furthermore,
smart contracts
eradicate the need
for trust within
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LEGALLY SPEAKING

business
relationships.
Neither party
will control the
contract, so any
commercial fears
will cease to play a part.
Events will be monitored and
triggered automatically by
blockchain. Since a smart
contract creates a digital
relationship between the
parties to the contract, it
also means that any updates
are recorded in real time,
avoiding the danger of multiple
iterations being in circulation
at any one time.
Although I do think this
technology will disrupt
the way in which business
is conducted, I do not think
that smart contracts will completely

take over. For example, some
contracts require a subjective
trigger. This is best illustrated in the
engineering and design industry. Whilst
automated systems and machines can
already calculate, calibrate and even
manufacture products, the system
cannot confirm a subjective element of
a contract - namely whether the product
has captured a designer’s or customer’s
vision for the product. A machine will be
able to ascertain whether it has been
made to specification, but a machine
can only make determinations based on
the information or code that has been
inputted.
As with any new disruptive
technology, there are hurdles that need
to be overcome. In order to create
the infrastructure for smart contracts
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“Smart contracts will have to operate over an open public
ledger, due to the nature of blockchain. Although it is
decentralised, as with anything operating over a vast network,
it is vulnerable to cyber bugs and hackers”
to thrive, implementation costs
are likely to be significant. Cyber
security and maintenance will also
make up a large proportion of costs.
Even though the DLT is generally
considered safe, smart contracts will
have to operate over an open public
ledger, due to the nature of blockchain.
Although it is decentralised, as with
anything operating over a vast network,
it is vulnerable to cyber bugs and
hackers.

HOW LONG HAVE WE GOT?
A number of banks and insurance
companies are already using
smart contracts in
their day-to-day

businesses. Therefore, smart contracts
are already here and being tested in
real-life circumstances, so it will not be
long before we see them form part of our
daily lives and routines.

Notwithstanding the above,
there is a long way to go
before everything will
be governed by a smart
contract, if at all. Given
that I am a litigator, I
cannot help but wonder
how we will arrive at a
position where blockchain will
be able to determine whether
the parties had the intention to
be legally bound or whether one
party has entered the smart contract
under duress.
While I fully understand and
appreciate that smart contracts will
self-perform and self-enforce, I do not
see how smart contracts will solve
interpretation issues, given the number
of breach of contract cases I have
litigated over, unless our legal language
or methods of negotiation change. Who
knows: perhaps smart contracts and
DLT will set a legal precedent for their
governance in their own right.
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WHAT’S HAPPENING
Katie engineers a great future
Apprentice
power
Engineers collect a vast array of skills
and experience through their working
lives, and it is essential that these are
passed onto the next generation to
become tomorrow’s engineers.
Sulzer has a long and distinguished
history in delivering engineering
solutions, and, at its Southampton base,
there is a strong focus on engineering,
supported by its continued investment
in both apprentices and equipment.
Simon Dawkins, General Manager,
Operations, for Sulzer in Southampton,
explains: “In order to maintain our
excellent engineering knowledge, we
need to ensure that our more senior
engineers pass on their knowledge and
expertise to the next generation.
“There is no substitute for hands-on
learning and, by working beside an
experienced engineer, our apprentices
have the opportunity to see highly
skilled jobs being done first-hand.”
Currently, there are five apprentices
in training in Southampton, with two
more due to start later in the year.

A 16 year-old student from Southampton
has beaten off ‘hundreds’ of others and
bagged a prestigious six-year engineering
apprenticeship.
Katie Hopper, who attends Salisbury’s
University Technical Collage (UTC), was
the only female who applied to Associated
British Ports (ABP) for the higher level
degree apprenticeship. “It was all men at the
interviews and they were all about ten years
older than me,” said Katie, who is studying
a range of STEM subjects, including
engineering, electronics and computer
science at the UTC.
Principal of the South Wiltshire UTC,
Joe Mulligan, said it was unheard of for a
16-year-old to be offered a higher level
degree apprenticeship. “We are all very
proud of what Katie has achieved, she has
worked tremendously hard and thoroughly
deserves this amazing opportunity.”
According to the Women’s
Engineering Society, the UK has the
lowest percentage of female engineers
in Europe, at less than 10%. Katie hopes she will
be one of many young women bucking this trend.
“I am ecstatic for getting this far, especially
for my age; it is a dream,” she said. “I also
want to slowly and steadily promote women in
engineering.”
Katie has already completed some work
experience at ABP. It’s the UK’s leading
ports’ operator with a network of 21 ports
contributing, £7.5 billion to the UK economy,
annually. “During my work experience, I met the

apprentices,
saw project management, and
worked with electrical, mechanical and facility
management teams. I got to drive cranes, go on
a pilot launch trip and meet people I should be
working with.”
During her six-year apprenticeship at ABP,
she will do her HNC, HND and degree. And as if
she isn’t busy enough already, Katie also plays
basketball for the Solent Kestrels in the National
Premiere League.
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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.
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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

