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A better place to work
Engineering software giant Autodesk has been promoting generative
design in connection with component design for some time. But the
constraint-based approach has recently been used in designing a new,
more sustainable Airbus assembly facility in Germany. Andrew Allcock
has the story

“O

ur mission is to disrupt the status
quo and to introduce new
procedures, new technologies,”
explains Airbus’s Bastian Schaefer, who is
innovation manager in the Emerging
Technologies and Concepts group, which is
associated with the aerospace giant’s chief
technology officer. Airbus has been working
with Autodesk since 2012, employing the
global software outfit’s generative design
software. In brief, generative design applies
constraints that must be met, but which can
be achieved in hundreds, if not thousands,
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of ways (see box, p6, for more).
This initially focused on structural design,
with one of its early and much heralded
successes being the production via additive
manufacturing of a cabin crew jump seat, a
‘bionic partition’ (see Machinery, Feb 2016,
p14 – https://is.gd/taceru – and image p4).
A more recent and similar structural use
relates to a vertical tail plane design (p6), but
the company is now also applying generative
design to configure process routes and even
building architecture. “For instance, we wanted
to optimise wing production in our Broughton
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A graphic of the new Hamburg Airbus
facility, as conceived through the
application of Autodesk’s generative
design technology
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facility, optimising the workflows for Airbus
employees who are drilling, bolting and
assembling wings for the A350 aircraft,”
Schaefer explains, adding that this was the
first such Airbus use of generative design.
But an ongoing project builds on that and is
employing the generative approach to the
design of a new assembly facility in Hamburg,
which should see construction this year, plus
the process route layout within. Says Schaefer:
“Generative design is being used to find the
best layout and also to meet sustainability
goals and provide the best employee
conditions.
“In this new building, we will paint the metal
engine cover [nacelle]. Additionally, we will
also have some assembly procedures around
the engines where we assemble pipes and so
on. Suppliers deliver the parts to us, which we
paint and/or assemble, with the nacelle as
well as the engine presented to the customer
for acceptance, followed by shipping to the
final assembly line of A320 aircraft. For this,
we are designing a new building, working very
closely with teams of architects, classical
architects, to get this building completed. This
is a completely new approach for them [the
architects], but we are getting new results and
seeing some major benefits.
“We are using the Broughton project
experience to pitch the use of generative
design for the new building [to management].
The processes are pretty much the same, but
the details are different. We usually start with
a spreadsheet that describes components that
go into a building, office spaces and so on, but
we are incorporating all things that have to be
assembled, maintained, painted and so on.
And when we combine both, we have to set up
a unique process for the new building. So, the
general process [for applying generative
design] is the same, but the details are always
different.”
The central theme in all the Airbus/
Autodesk generative design projects is
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sustainability, says David Benjamin, founding
principal of The Living, an Autodesk Studio that
is working on the new building project and
which was also involved in previous projects,
the bionic partition being one of them. “The
bionic partition was about creating a strong,
lightweight partition, which translates to lower
fuel consumption and lower carbon emissions.
For the new building, generative design is
helping to create a structure with things like
natural ventilation, great daylight and the use
of renewable materials. Within that there’s the
super-efficient production layout that we’re
talking about, plus great employee work
conditions. And this all translates into lower
energy consumption and lower carbon
emissions as well. We’ve been excited to be
able to apply new software technologies to get
this bottom-line outcome.”
A typical application of generative design
has previously employed multiple models,
Benjamin states, but this latest project
employed a single one, albeit more complex
than would be required for a single component.
Generative design was, he explains, used to
alter the shape of the building, building entry,
room or bay arrangements and openings, such

The so-called bionic partition, a structural part
created through generative design combined
with metal 3D printing
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as windows and skylights, and also materials
employed.
“The variables were things like changes to
the footprint, changes to the height and
moving the production stations around a bit.
Every single layout had a number of
constraints, so every layout we were
considering fit all of the desired production
stations in the footprint of the site, you know,
met all of the building code needs etc. But in
addition, the layouts all had different scores
for things like production, which we broke down
into three categories of logistics flow, paint
flow and assembly flow. And then, at the same
time, we were measuring such things as
daylight and material sustainability, with every
option having a score for those, too. We were
also measuring things like employee work
conditions and customer experience.”
The parameters for employee work
conditions included such things as natural
ventilation, the amount of daylight, whether
they had a view outdoors, out of a window or to
some kind of green space, the travel distance
between workstations and other places such
as break rooms and restrooms. Customer
experience parameters were similar.
Continues Benjamin: “In each case, we
were taking complex goals, something that we
could all very quickly decide was important. But
then part of the design process was to figure
out how to measure them, how to break it
down into numbers and measurable
components. In some cases, we knew that we
weren’t able to factor in quite everything, but in
most cases we agreed it was a good rough
measurement.”
He highlights that, while Autodesk has been
involved in similar projects for factory
optimisation projects, this is the most
comprehensive. There are something like 11
different goals, bounded by constraints that for
building codes, for example, run to “dozens”,
with “hundreds of measurements for the 11
goals”.
The generative design and optimisation
phase took six to eight weeks, using Revit
(architecture/building information modelling),
Dynamo (a programming environment for

A vertical tail plane
component that is
benefiting from the
generative design
treatment plus 3D
printing

building information modelling) and Refinery
(generative design for construction) software
packages. Custom modules were written and
employed. This initial project has not been
faster than the traditional approach, due to the
requirement to discuss and work with multiple
Airbus units, but without that, the process
would be faster, Schaefer believes.
The building design is currently being
analysed against German DGNB sustainable
building parameters, as it is mandatory for
Airbus to reduce its greenhouse gas
emissions. This means that fine details such
as window locations are being further
considered, as are construction materials,
including wood and carbon-neutral concrete.
In relaying some tangible and
understandable benefits of the new approach
and resulting design, Benjamin says that, an
average daylight value of 500 to 750 lux was
achieved through the courtyard and skylights,
compared to an average of around 50 to 100
lux in the existing building. There is additional
green space for a roof deck and a shorter span
of the building for some of the options, which
meant there was less structure plus better
cross ventilation – span is 35 m instead of
70 m. All office workers have views of the river
and are located within 100 m of the river,
compared to 10% in other designs. And all
workers have views to green space, compared
to more like 10 to 25%.
Building of the 9,000 m2 facility will
commence this summer, with completion and
operation slated for 2021. It will be home to
around 30 employees and 20 units/month will
be produced. ■

What is generative design?
Generative design is a design exploration process. Designers or engineers input design goals
into the software, along with parameters such as performance or spatial requirements,
materials, manufacturing methods and cost constraints. The software explores all the possible
permutations of a solution, quickly generating design alternatives. It tests and learns from
each iteration as to what works and what doesn’t (video: https://is.gd/lutilo).
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Tel: (201) 337-1300 |Fax: (201) 337-3680 | www. mitsuiseiki.com
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CGTech supports MAN
Energy Solutions
CGTech’s VERICUT simulation and optimisation software provides a
crucial step on the MAN Energy Solutions digital manufacturing
journey. At the company’s Danish manufacturing facility, the globally
renowned software has significantly reduced product prove-out times
and minimised scrap levels, helping MAN Energy Solutions deliver on
the promise to its customers of a sustainable future

M

AN Energy Solutions is a
multinational company that
produces large-bore diesel
engines and turbomachinery for marine
and stationary applications, including
marine propulsion systems, power plant
applications and turbochargers. The
company was formed in 2010 from the
merger of MAN Diesel and MAN Turbo,
and is a subsidiary of the Volkswagen
Group.
Employing a total of around 14,000
people at 120 sites across the globe, its
T35 manufacturing facility located just a
few miles from Copenhagen airport in
Denmark produces fuel injection systems
for new installs and service life
replacement, as well as for the
refurbishment and retrofit of older vessels
and static sites. The systems’
components have very tight tolerances.
Until recently, this facility had lacked
investment in digital manufacturing, as
Process Owner of Digital Manufacturing,
Mikkel Jon Hass, recalls: “In comparison
to other sites, we were behind neglected,
in terms of technology and investment,
because there was no strategy for this
segment. We just followed the same triedand-tested path to produce components
as a typical batch-flow engineering
machine shop.”
That all changed when, just three years
ago, a new management team began to
influence the direction of the business
and focus on its future with fresh ideas.
“Around the start of 2018, the new
management team established our
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journey towards
digital manufacturing.
New manufacturing
equipment started to
be installed and my
role was created. It is
an unusual job title, but
is confirmation that
times have changed, as
just a few years ago it
was an unknown
function. I wanted a title
that not only reflected my
scope but also shows
that the business is focused on digital
manufacturing,” Hass says.
His appointment marked the first time
the business had anyone tasked with
prioritising the changes to bring about
digital manufacturing. During the
investigation of the various requirements
of the business, Hass discovered that the
company had an established preferred IT
provider strategy that determined
software platforms.
He says: “Luckily, VERICUT was also
on the list, which made it a lot easier.
So, the digital footprint was set without
any further discussion. VERICUT was the
simulation system chosen globally by our
German headquarter facilities in
Augsburg, where they have been using
VERICUT for many years.”
Tolerances on the parts, which are
mostly produced from a tool steel with
very specific attributes, are very tight.
Hass continues: “Our machines and
processes are very complicated and that

leads to
many issues. Honed
parts are often held to 3 micron on a
parallel bore with a surface finish of 0.2
Ra that is at the absolute limits of what
the machines can achieve.
“Before using VERICUT, it would be
difficult to quantify the time required to
prove-out any new parts. We knew we had
to get the new parts running, but nobody
knew how long it would take, there was
no transparency. They would allow months
to get from the design phase to proven
and ready for production.”
Now prove-out has been reduced from
typically taking around five days, a whole
week effectively, to just a few hours. “We
recently had a prototype design go
through that had six redesigns before
being proven in VERICUT, machined and
measured in the quality department in
just 24 hours.
“With VERICUT, we aim for the proveout to be a factor of the cycle time, so for
a one-hour cycle time, we want to prove
out in 2.5 hours; we are currently at 3 to
4 hours. This is the goal for us going
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Above: Mill-turn machines present
challenges in collision avoidance,
now solved with VERICUT
Inset: simulating probing

forward, so everyone has to be open to
new ideas and new methods.”
The machine shop runs on a
continental five-shift system, but the CAM
programmers are available for the day
shift, which is when prove-out occurs.
If the prove out is not completed within
one shift, then the following two shifts
can’t progress or make parts. This was
one of the key reasons for investing in
VERICUT and the software has helped
significantly, as noted above.
Moving onto specific machine-related
issues, specifically two turning centres
with B-axis and milling, Hass recalls:
“For the first few years, the new machines
were operated just for turning. No one
could handle the programming
complexities of the milling and drilling
capabilities, as they are very difficult to
program safely. There are many
opportunities for collisions between the
tools, fixturing, machine structure and the
workpiece.”
It’s a point that Lee Fowkes, Country
Sales Manager for CGTech, emphasises:
“We see many customers investing
significant sums in large mill-turn centres
and they simply do not achieve the
expected productivity levels, because they
do not have either the skills or the
mindset to unlock the full potential of
these machines. I call it the ‘myth of millturn productivity’.”
Now, VERICUT is used to verify the
post-processed CAM program to ensure it
will run safely without crashing. The staff
to run these machines have been

www.machinery.co.uk

The aim is for VERICUT prove-out time to
be a factor of cycle time. For a one-hour
cycle, a 2.5-hour prove-out is targeted

specially selected, not by skilled capability
but by attitude and willingness to adopt
new concepts.
Prior to using VERICUT, machine tool
crashes were seen as part of the
operational risk, these were not usually
identified during the prove-out, as all the
parameters are backed off and the
process is being monitored very closely.
However, when the parts went to
production, errors that didn’t arise during
the early stages were often highlighted.
Part of the justification and ROI for
investing in VERICUT software came from
the expected saving of one spindle per
year. “We have had several virtual
crashes in VERICUT, but nothing on the
physical machines,” Hass confirms,
adding: “However, the real savings come
from the prove-out time achieved.”
Another key part of VERICUT software
that is supporting MAN ES is the Auto-Diff
module. It enables the programmers to
compare a CAD design model to a
VERICUT simulation to automatically
detect differences. Using this module in
the production process can identify
incorrectly machined areas.
Hass again: “The process is to turn
the blank to size and then mill the
prismatic features, and so on, with
following sequential operations. Some of
this will be removed by the increased millturn capacity where we probe the part on
the machine, but for some families of
parts it is still the most effective route.
Previously, if the parts required, say, four
turning operations and two milling
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operation and an error was made at any
stage, then it would not be detected until
the part had been finished. This wasted
time and effort, effectively making scrap.
“Now we are updating our
manufacturing documents in NX and
using Auto-Diff in VERICUT to check the
part stock for each stage of the
manufacturing process. It is a great tool
to provide confidence in the process and
eliminate the risk of bad parts being
unnecessarily progressed. If you make
scrap, you have to make the part again,
but it is better to catch the error as early
on as possible to save your resources.
Many of our parts are similar, with just
small detail changes and these can easily
go unnoticed, which is why Auto-Diff is
important.”
Advanced machining centres from
Heckert and Heller are also modelled in
VERICUT and now they will not run any
program without it being verified first in
the software. A total of 10 of the
advanced machine tools on the shopfloor
at MAN-ES are accurately modelled in
VERICUT today. One of the latest being a
DMG-Mori NTX 1000 multi-function turning
machine with B-axis. “Space is tight on
these machines, so you have to check
toolholders and so on, we had to buy
special holders, due to the lack of space.
And, we can get our part production
programs ready prior to the machine
installation. It avoids the protracted
installation sequence that is too often
followed when a complex new machine is
installed,” concludes Hass. ■
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Orizon’s nine-machine
Starrag Ecospeed FMS is
delivering a 30% reduction
in machining times across
all parts
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Record-setting
installation

Right: Company CEO Charlie
Newall says Orizon had a
dream in 2016 to create
something unique and build
it in just 12 months
Right, below: Each of
Orizon’s Ecospeeds features
a Sprint Z3 parallel
kinematic machining head,
shown here machining a
non-Orizon part

A dream manufacturing facility envisaged in 2016 is now on stream at
US firm Orizon Aerostructures. Achieving incredible production statistics,
continuous improvement is building further on that

O

rizon Aerostructures is a manufacturing
and technology company that is building
something unique in the USA’s
Midwest. Across six Oklahoma locations
dedicated to aerospace manufacturing and
complex sub-assemblies, the company boasts
100 CNC machines (50 of which are 5-axis or
more) and 763 employees. But it is at the
company’s newest plant, in Grove, a little
under a 90-minute drive from the state’s
second-largest city, Tulsa, where a new page in
manufacturing excellence is being turned.
In a purpose-built factory that is part of a
total investment of $50 million-plus that takes
in 10 Starrag Ecospeed F2060 machines,
Orizon has installed a flexible manufacturing
system (FMS) based around nine of those
Ecospeed machining centres. The largest
integrated system of its type in the western
hemisphere, it is setting new standards in the
machining of aerostructures, predominantly via
milling. Benefits include: a 30% reduction in
machining times across all the parts,
compared to former methods; a massive
improvement in surface finish, with much less
deburring and polishing required; and an
“amazing revenue to capex ratio” and 2-3X
revenue per person over traditional methods of
machining.
“That’s no surprise,” says Starrag North
America’s managing director Udo Herbes,
“when it is realised that the Ecospeed is able
to convert a 550 kg aluminium billet into a
24 kg complex structural part in less than
four hours when the machine is running at a
maximum cutting volume of up to
10,000 cm3/min”.

The Settling Rooms, Springfield Street.
MARKET HARBOROUGH. Leicestershire LE16 8BD
Tel No. 01858 467182
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Says Orizon president Henry Newell: “Orizon
chose Starrag Ecospeed F2060s, each with a
Sprint Z3 parallel kinematic machining head
and an angular milling head, because the
machine produced everything Starrag said it
would, in terms of metal removal, reliable
uptime [97%] and excellent surface finishes
[courtesy of superb jerk speeds].
“It was also clear that Starrag was a
company we could truly trust and one with
common values in attaining world-class
machining results. Even one chip not removed
in one pocket could cause a $20,000 part to
be scrapped – and nobody can afford that.”
Orizon’s CEO, Charlie Newell, adds:
“In October 2016, we dreamed of building
something unique and building it in just 12
months; a new factory to house a new FMS
that would produce machining efficiencies to
surpass anything we’ve ever encountered.
“Working from the start with Starrag,
together we have created an unbelievably
formidable and highly successful partnership
for world-class machining of aerostructure
parts. It was clear, even before the first
machine sale, that Starrag was willing to listen
and to share and support our vision. Starrag
has done this by, for example, offering
excellent levels of knowledge transfer and
assisting us to develop the appropriate
processes around our business systems.
“These include standardising machining
operations [using standard tooling] across all
the parts and, for instance, the use of online
diagnostic tools that enable Orizon [and
Starrag Technology in Mönchengladbach] to
‘interrogate’ the system or individual machines
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via smart phones, iPads or desktop computers
at any time of the day or night.”
It was not, however, a case of Orizon simply
placing an order for the initial six machines for
the FMS (with the plan to add another three
machines – and perhaps more in the future).
Orizon first installed a stand-alone Ecospeed
with the Z3 head to thoroughly test the
machine’s effectiveness and efficiency on
production parts to achieve what Josh Fink,
vice president of machining, says “will provide
customers with faster, better and more
affordable production”.
Orizon’s original Ecospeed F2060
sits alone in its own area,
enabling the 86,000 ft2 factory
floor to host the FMS, which
started out as a six-machine
system. The first F2060 for
the FMS was installed in
January 2017, followed two
months later by the pallet
system, and the system was in
production by October 2017.
A year later, three additional
Ecospeeds were added – “and
importantly”, says Fink, “these latter three
machines did not add any labour overhead to
the system; just revenue”. Those latest
Ecospeeds feature design ‘tweaks’ to meet
Orizon’s needs – modifications to the
pedestrian door, improved lighting for inmachine cameras and an improved access
door for maintenance routines, for instance.
Today, the FMS comprises nine high speed
Ecospeeds that are fed by an automated railguided, 18-station pallet system. These are
complemented by an integrated washing/drying
cell. The FMS is manned by just five people on
each of the two daily shifts for 24/7 operation,
enabling Orizon to achieve the extraordinary
machining benefits on the range of
aerostructures – primarily wing spars, skins
and bulk heads for leading aerospace and
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defence OEMs.
Each of Orizon’s Ecospeeds features a
Sprint Z3 parallel kinematic machining head.
These employ three equi-spaced linear drives
mounted parallel with and radially around the
horizontal Z-axis in the headstock. The spindle
platform is connected to each drive via rigid
levers having pivots at one end and a ball joint
at the other. Each machine also has an
integral C-axis to allow the use of automatic
interchangeable angular milling heads that
move between -135° to +135°. These heads
effectively make each machine a 6-axis
unit, allowing access and
machining of otherwise difficultto-reach areas.
There can be up to 12
different parts per pallet,
although workpiece size,
especially heights, are
ideally standardised on each
2 by 6 m pallet, each one of
which is capable of
accommodating loads of
five tonnes. Once loaded, the
pallet is tilted 90°, so its surface is in
the vertical plane, and moved into the 82 mlong FMS. The cell controller decides which
machine will process which pallet, supported
by common tooling across the machines.
After machining, pallets move to the wash/
dry station, where high pressure wash nozzles
direct angled jets to reach every corner of a
part before an air blast is used for drying.
That said, by using minimum quantity
lubrication (MQL), workpieces enter the wash
station carrying a relatively low amount of
swarf/cutting fluid. Upon unloading, the pallet
returns to the horizontal and each part is
removed from the system for deburring, then
moves on to a co-ordinate measuring machine
for 100% inspection.
Orizon operators undertake basic
maintenance routines, which are
complemented by Starrag’s Service Plus
preventative maintenance scheme where an
annual fee covers every eventuality and
guarantees service response times, inspection
and repair.
Having achieved such gains in machining
efficiency, Orizon is not resting on its laurels,
however, as Fink points out: “System
performance is continually scrutinised, with
conference calls every week between us and
Starrag to discuss machine availability levels
[currently 97%] and spindle utilisation [87%].
Yes, it’s all very well having such targets, but
the key is being able to reach them. It’s simply
a case of continual improvement.” ■
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AEROSPACE SUPPLEMENT
THE LAND OF SALSA & LANDING GEAR MACHINING

ELEB is a supplier of
landing gear to Embraer

Machining
excellence

Right: A component
before & after machining

São José dos Campos, a city with 700,000 inhabitants located in the
tropical highland of São Paulo state, is one of the most important
technology centres of Brazil. The city is home to subsidiaries of several
international groups, as well as numerous training and research centres,
especially those focusing on aeronautics. And it is here that the landing
gear for Embraer’s jets is made, by ELEB Equipamentos Ltda (ELEB)

E

mbraer, the leading manufacturer of
commercial jets up to 150 seats, is the
main exporter of high-value-added goods
in Brazil and is creating two joint ventures with
aerospace giant Boeing. The company’s
portfolio also includes executive aviation and
military transport aircrafts.
WFL Millturn technology (Kyal Machine
Tools, https://is.gd/ebeced) plays a major role
in the thousands of daily Embraer take-offs
and landings, because ELEB employs five such
machines in the production of the complex
landing gear components the aircraft use.
ELEB specialises in the manufacture and
development of landing gear, hydraulic
actuators, electrical and mechanical valves,
plus so-called pylons. Employing more than
600, it has developed into one of the key
suppliers in the aerospace industry.
The ELEB team has taken on a wide range
of challenges over the past 35 years. In the
1990s, the subsidiary of Empresa Brasileira
de Aeronáutica S.A. produced landing gear and
hydraulic assemblies for the EMB-314 series
and the ERJ-145 and won its first tender for
the S-92 Sikorsky. “The next steps just fell
into place. Starting with the production of
landing gear plus assemblies for the E-Jet
series and the development and production of
a complete shipset for the Entry & Light
Executive series in the 2000s,” reports
Reinaldo Ponte Júnior, senior manager in
production technology. The company has been
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carrying out ongoing work on new series since
2010, with these leading to the development
and production of parts for the KC-390 series,
a medium-size, twin-engine jet-powered military
transport aircraft that first flew in 2015 but
with first deliveries last year, and for the
Embraer E2 medium-range jet airliners that
entered service in 2018.
ELEB must not only deliver highest quality
and reliability, but also offer a high degree of
flexibility. Production of small batch sizes is
the norm, as once production is complete the
products undergo numerous tests. This means
that very short set-up times are essential when
manufacturing landing gear. So, when ELEB
started to look for its first complete machining
centre in 2005, set-up times, machining
quality and progressive technology were the
deal breakers. Since then, these requirements
have grown year-on-year and only a few
providers were in a position to fulfil them.
Easily machined aluminium, plus high
strength or hardened steel, as well as
stainless materials like titanium, have to be
machined efficiently. Deep hole drilling and
deep internal machining with long, dampened
boring bars are carried out, with very high
cutting volume and highest precision required.
This demands contradictory requirements for
the machine, such as extreme stability, high
dynamics and short auxiliary process times.
Today’s main focus is on daily monitoring of
Overall Equipment Effectiveness (OEE). This

February 2020 www.machinery.co.uk

@MachineryTweets

indicator is a general measure of a machine’s
added value. OEE is defined by three factors:
availability, performance and quality. Checking
OEE on a daily basis gives a clear, transparent
indication of the amount of added value that
WFL machines provide. The average value for
WFL machines at ELEB is far over the global
benchmark. “This index was one of the most
important factors in favour of making an
investment in five complete machining
centres from WFL,” explains
Paulo da Silva, process
analyst at ELEB.
Before the company
installed WFL Millturn
technology, the machining steps
were very complex. In the past,
parts were frequently moved,
meaning a high risk of damage.
Added to that, the different clamping
methods were a risk in terms of
quality, while set-up times were long. After the
first M120 Millturn was introduced in 2005, it
soon became clear that these factors had all
been significantly reduced or even eliminated.
Finishing after hardening could be carried out
in house, for example.
This enabled ELEB to broaden its horizons
and develop larger landing gear sets. Two M65
Millturns were installed during the two
following years to bring the same benefits to a
broader spectrum of parts. Parts for smaller
aircraft are still produced on the two M65
Millturn units, while the M120 Millturn is used
to manufacture cylinders, parts for the main
housing and sliding housing, for example.
A further M120 Millturn was installed in 2007
as business increased.
“The huge advantage when machining on
the Millturns is that you don’t need to use
different angular heads. The various options
for mechanical processing and unrestricted
access to the workpiece mean it is possible to
use the best tools and perfect their
machining,” explains Júnior in regard to the
technical capabilities of the complete
machining centre.
With the E2 series, aircraft manufacturer
Embraer entered into a new top-class segment
and ELEB into a new cutting-edge phase of
landing gear production. “Since they were
introduced into the company, these machines
have delivered maximum performance and
enable us to lower set-up times while
increasing the quality of the parts,” reports
Luís Marinho.
In 2017, ELEB added its latest machine to
its WFL collection, an M150Y Millturn with a
turning diameter of 1,750 mm and equipped
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with a slide for heavy internal machining. This
opens up almost unlimited possibilities when it
comes to the manufacture of landing gear
units. To create sufficient space for the new
machine, a new production facility was
established in Taubaté. This is set to be the
birthplace of future innovations.
According to ELEB, the implementation and
commissioning of each and every Millturn was
flawless,
while technical availability has
been close to 100% since
2014. It was then that WFL
opened a branch office in
Brazil with local service
engineers and a spare parts
warehouse. “There were very
few difficulties, just a few
minor teething problems. And
usually these could be
resolved very quickly by WFL
Teleservice. If we need spare
parts, the service team is available at all
times. We have seen an enormous
improvement here since 2014 – back then we
were also the first service customer in Brazil”
reports da Silva.
The investment in technology is
complemented by a continuous improvement
ethos based on the measurement of various
facets of the business. In 2018, 2,371 ideas
were brought to the table and, following
evaluation, 1,500 of these led to
improvements. Even the degree of innovation
of the machines in production was measured,
all by collecting and evaluating data, with that
used to improve internal processes in
conjunction with WFL engineers. “It is essential
that we always have an eye on the latest
technologies available on the market,”
explains managing director Luís Marinho of the
company’s plans for imminent digitalisation.
“Topics such as artificial intelligence, the
Internet of Things and data-based analysis are
not alien concepts but familiar words to us. We
have a team which exclusively deals with tying
up the loose ends. So, it is important for us to
work with machines that will support us as we
enter the digital future,” he says. ■
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This M120 was
installed in 2007
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AEROSPACE SUPPLEMENT
PLASTIC ADDITIVE PARTS INCREASINGLY FAVOURED

Fast, lightweight, strong

FIT

Stratasys is the 3D printing pioneer, claiming a history of 30+ years in the
technology. A developer of materials and machines, it is mostly associated
with plastics technology. While metal 3D-printed parts are a major interest
in aerospace, plastic parts already have a foothold that is strengthening,
sometimes replacing previously metal parts. Andrew Allcock has more
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Airbus

S

tratasys has been working with BAE
Systems since 2006 and with Airbus
since 2013. For the latter’s A350XWB,
Stratasys technology was selected in 2017 for
the printing of plastic parts for non-loaded or
lightly loaded parts. Last year, BAE Systems plc
announced it would further strengthen its
efforts in emerging additive manufacturing
solutions within its Land, Maritime and Air
Sectors.
The 3D printing expert will provide the
defence, security and aerospace giant with
increased access to new materials and
production technologies currently under
development or planned by the company.
BAE Systems deploys a blend of the
company’s PolyJet and FDM-based additive
manufacturing technologies. These include a
battery of F900 Production 3D printers,
installed at the company’s advanced
manufacturing facility in Samlesbury, Lancs.
Commenting on the collaboration, Dave
Holmes, manufacturing director, BAE Systems
Air, said: “We’re delighted to bolster our
relationship with such an innovative partner as
Stratasys. Already integrated across our
production operations, Stratasys’ technology
will continue to be vital in addressing and
solving our current and future manufacturing
challenges.”
Yann Rageul, head of strategic accounts for
EMEA at Stratasys, responded: “Stratasys’
close cooperation and knowledge-share with
strategic customers like BAE Systems is
paramount to ensuring we continue to stay
ahead of the curve when it comes to
developing and delivering additive
manufacturing solutions that meet exacting
application requirements within key industries.
“We look forward to strengthening our ties
and working even more closely with BAE
Systems to help realise their short and longterm manufacturing objectives.”
Late last year, the United States Air Force
said it had certified a Stratasys F900 3D
printer for use in the 60th Maintenance

Marshall is successfully employing Stratasys
technology. This ducting adapter was made in
Nylon 12, rather than aluminium
Squadron at Travis Air Force Base (Travis AFB)
in California. Importantly, it is the first field-unit
location in the Air Force to have a certified
industrial-sized 3D printer, with this now
authorised to produce non-structural and
replacement aircraft parts. It will employ
Stratasys’ Ultem 9085, an engineering-grade
thermoplastic that is the same one Airbus
standardised on for its A350 XWB, in fact.
Aerospace is no stranger to plastic
3D-printed parts, then. And more recently their
use and distributed 3D printing are being cited
by some as part of their sustainability goals
(see box, p17).
Moving to some specific examples here in
the UK and Stratasys technology is
being heavily employed at UK firm
Marshall Aerospace and Defence Group, which
has turned to 3D printing to create flight-ready
plastic parts at a fraction of the cost and time
involved in using traditional manufacturing
methods for metal parts.
The Cambridge-based firm originally looked
at metal additive manufacturing as a solution
but discovered that the quality of Stratasys
polymer technology – supplied by SYS Systems
(https://is.gd/kucoli) – could deliver the quality
of materials it needed to satisfy industry
regulations.
Marshall already has several pieces of
3D-printed plastic ductwork flying on heavily
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AEROSPACE SUPPLEMENT
PLASTIC ADDITIVE PARTS INCREASINGLY FAVOURED

HORIZONTAL /
VERTICAL LATHES
FOR ULTRA
PRECISION
TECHNOLOGY

The Stratasys Fortus 450mc used by Marshall
Aerospace and Defence Group
modified aircraft, as well as holders for safety
knives and switches for aircraft interiors, while
producing specific ground-running equipment far
more quickly and cheaply than for the
aluminium alternative parts.
Chris Botting, materials, processes and
additive manufacturing engineer at Marshall,
says: “When manufacturing on complex
engineering programs, we need a method that
can create an accurate, complex, functional and
lightweight duct efficiently with minimal tooling
costs – this is where 3D printing fits perfectly.
“We also need to ensure that the ducting
work produced will be approved by the European
Aviation Safety Agency (EASA) for flight. As a
result, we’re using the Stratasys Fortus 450mc
and ULTEM 9085 resin – a tough yet lightweight
3D-printing material with high thermal and
chemical resistance.
“This has been crucial to overcoming the
stringent requirements of our industry, as we
can now print parts with the desired flame,
smoke and toxicity properties for use on aircraft
interiors.”
A recent application has seen Marshall
create a ducting adapter prototype for vital
ground-running equipment – essential for
providing fresh air to cool an aircraft’s avionics.
Continues Bott: “Before committing to
expensive aluminium machining, we used the
Fortus 450mc to print a prototype in ASA
material. It enabled us to create an accurate
working prototype of a complex component.
“We were then able to demonstrate it had
The Settling Rooms, Springfield Street.
MARKET HARBOROUGH. Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk
www.kyalmachinetools.co.uk

16

the potential to be 3D-printed in Nylon 12
material, as opposed to the more conventional
method of machining from aluminium. The
3D-printed duct led to a significant cost
reduction, compared to machining the part out
of aluminium, as well as a 63% cent reduction
in overall weight.”
Marshall is also using Stratasys 3D printers
for a range of complex tooling applications,
including drill jigs, masking templates, bonded
fixtures and composite mould tooling.
It regularly creates customised, low-volume
production tools within 24 hours of an
engineer’s request. 3D-printed thermoplastic
tools are replacing heavier metal alternatives,
reducing the burden on the company’s
operators, as well as delivering cost and lead
time advantages on urgent operational tasks.
Concludes Bott: “3D-printing technology has
altered the way we work, and the aerospacegrade materials enable us to meet increasingly
aggressive deadlines and complex
manufacturing requirements.
“In the future, there is no doubt that 3D
printing will continue to have a significant
impact in the way we design and manufacture in
our business.”
Materials development is often behind the
expansion of applications and last year
Stratasys added to its tally of plastics suitable
for aerospace and general manufacturing
duties. Materials introduced included Antero
840CN03 for the Stratasys Fortus F900 3D
printer and Diran 410MF07 and ABS-ESD7 for
the Stratasys F370 3D printer. They are suitable
for manufacturing applications in industries
such as automotive and aerospace to engineer
advanced 3D-printed jigs and fixtures, tooling,
prototypes and production parts.
Antero, with ESD properties, can create
strong yet lightweight parts used in frames,
panels and components. The material is suited
to customised tooling and parts with consistent
electrostatic discharge (ESD) performance, and
is ideal for printing high temperature- and
chemical-resistant parts with ultra-low
outgassing and exceptional wear properties.
“Manufacturing spacecraft poses intense
material challenges in the development of parts
that exhibit the right attributes,” explains Brian
Kaplun, senior manager for advanced
manufacturing, Lockheed Martin Space.
“One of those challenges is getting the right
ESD or electrostatic dissipative properties,
among other physical and mechanical
characteristics. Stratasys Antero ESD fits our
needs for outgassing and electrostatic
dissipative properties in a strong but lightweight
additive manufacturing material.”
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In similar vein, ABS-ESD7 thermoplastic,
previously only available on Stratasys Fortus
printers, is built for static-sensitive applications
to prevent discharge or attraction to other
materials like powders, dust and fine particles.
An affordable, ESD-safe material, ABS-ESD7 is
said to be ideal for manufacturing tooling.
applications. Also suitable for demanding
tooling applications is Nylon-based Diran for the
Stratasys F370 printer, a thermoplastic that
offers extreme toughness and low friction,
combined with resistance to hydrocarbon-based
chemicals.
Says Adam Pawloski, vice president of
manufacturing solutions at Stratasys. “We see
growing adoption of 3D printing in production
environments, yet engineers and designers
struggle with thermoplastics that just can’t
match the extreme requirements of
manufacturing-based applications. Our
thermoplastics can remove these barriers to
accelerate adoption of 3D printing in
manufacturing settings, allowing users to
design and create faster, while minimising
costs often associated with traditional
approaches.”
Elsewhere, Coventry-based MTC has added
to its Stratasys equipment stock – the MTC is
the UK’s National Centre for Additive
Manufacturing and is heavily involved in
aerospace projects. MTC has had an official
partnership with 3D printing expert Stratasys
since 2017, so the new Fortus 450mc
installation complements the organisation’s
existing stable of Stratasys PolyJet solutions,
which comprises full-colour, multi-material
J-Series 3D printing technology, as well as the
large-scale Objet1000 unit.
According to the MTC, the new addition
strengthens its capability to meet more

MTC engineer Charleigh Taylor alongside the
organisation’s latest Stratasys unit, a Fortus
450mc
demanding production applications for UK
manufacturers and develop new innovative
solutions. One of those is the manufacture of
complex tooling, while the MTC will additionally
use Fortus 450mc for the manufacture of its
own tooling for its robotics and automation
department, replacing aluminium tooling.
Finally, demonstrating its continued pushing
of the plastic 3D-printed aerospace parts
message, this year Stratasys is supporting a
Lufthansa Technik event to be held in Hamburg
next month. This follows a successful
collaboration with Etihad Engineering on Aircraft
Cabin Additive Manufacturing 2019 in Abu
Dhabi. Lufthansa Technik will host Aircraft
Cabin Additive Manufacturing 2020, supported
by Stratasys. It is taking place in Hamburg at
the ZAL Tech Center.
Lufthansa Technik, the maintenance, repair
and overhaul (MRO) division of aerospace
company Lufthansa, established a new Additive
Manufacturing Center in Germany to develop
lightweight aircraft parts in 2018.
At Aircraft Cabin Additive Manufacturing
2020, topics such fire testing, robot-guided
additive manufacturing for large-scale cabin
parts, the benefit of using additive
manufacturing for airlines, intellectual property,
certification, colouring on cabin 3D printing
materials and more will be discussed. ■

British Airways joins the
3D-printed plastic parts party
In December last year, British Airways announced that it is exploring the possibility of using 3D
printers to create aircraft parts. These printers would be located at airports around the world to
reduce both delays for customers and emissions caused by transporting items.
Non-essential cabin parts will be first on the list to be generated, including pieces of tray
tables, entertainment systems and toilets. While these components do not impact the safe
operation of a flight, the company points out that they can reduce the number of seats or
toilets available for customers, and so cause delays as engineers wait for the parts to be flown
to the aircraft.
3D printing is an essential step towards the sustainable future of aviation, as the printers
can produce parts that, while as strong and durable as traditional components, weigh up to
55% less. Every kilogram removed from aircraft weight saves up to 25 tons of CO2 emissions
during the lifespan of an aircraft.
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AEROSPACE SUPPLEMENT
CNC PROGRAMMING & MATERIALS MANAGEMENT

Metal &
composite benefits
A UK aerospace firm praises Alphacam for its CNC machine programming
capabilities; US firm opts for Jetcam products to support composite
material management and cutting

S

ussex-based Drallim Aerospace used
Alphacam CADCAM to help it develop
a family of 45 high-spec parts for a
helicopter cargo hook in just five months.
The Hawk 8000 cargo hook has been
selected for the next-generation Bell 525
Relentless helicopter, which is currently being
developed – the hook must handle an 8,000 lb
payload. Drallim Aerospace, located in St
Leonards-on-sea, approached one of its
established suppliers, Leemark, to help out in
the manufacture of casings, solenoid covers,
heavy duty linkages, levers and pins for the
assembly.
Leemark is run by three brothers, Mark,
Kevin and Neil Stockwell, having been set up
by their father over 50 years ago. Principally
supplying precision components to Tier 1
aerospace companies, aircraft such as the
Lockheed Martin F35 Lightning fifth-generation
stealth plane, the Saab Gripen E fighter jet and
various military, police and civilian helicopters,
along with ejector seats and satellites, can be
counted amongst its end use applications.
Most components are complex,
manufactured on 12 CNC machine tools at the
company’s factory in Middlesex. Director and
production manager Neil Stockwell explains
that 11 of those machines are programmed
with Alphacam (https://is.gd/neligi). “It drives
all our 3- and 5-axis Matsuura
machining centres, CMZ Y-axis and
2-axis lathes and Agie wire eroder.

The Hawk 8000
lever part has
demanding
tolerances

18

The only one it doesn’t drive is the spark
eroder, which has conversational software.”
He says Alphacam was an essential piece
of the equation when it came to producing the
Hawk 8000 cargo hook components, mainly
from aerospace aluminiums and billets of
hardened AMS 5643 American spec stainless
steels, along with a small amount of plastic.
“We were tasked with not only
manufacturing them from scratch but producing
them as if we were making them in large
volumes, so we needed tight cycle times. Being
aerospace, there were AS9102 reports with
every component, and it meant that the
processes were sealed, so that when they did
go into full production there were no more
qualification periods to go through. We
achieved all that within five months, thanks to
Alphacam’s built-in machining strategies, which
helped us to optimise our high-end machines
and cutting tools.”
Leemark manufactures every machinable
part for the Cargo Hook; the most complex, in
terms of 5-axis machining, being the cover and
solenoid case. But the most accurate is the
steel lever, which carries out several actions
inside the body of the hook. “A high percentage
of the milled components have bores on them
with an 18 micron tolerance,” says Neil
Stockwell. “The majority of the turned
components have even tighter
tolerances.”
Engineering director Kevin
Stockwell says programming
time varies from around half an
hour for simple parts, to
between 15 and 20 hours for
the most complex components, with machining
cycle times taking up to two hours. “We use
waveform and trochoidal milling strategies,
which give us significant savings on cycle times
and extend tool life.”
His programming process begins with
importing STEP models, working out the best
way of machining the part, and how much
excess material is required to hold it during
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cutting. This is vital to the brothers’ philosophy
of keeping 5-axis machining limited to two
operations wherever possible.
“We hold the part on one face to work on
all the others. Then a second operation
machines the final face. We restrict as many
The Hawk 8000 hook cover component
parts as we can to just two set-ups.
Components are becoming more complicated
staff can go directly to a shelf and only have to
nowadays as designers try to limit the weight
look at four-five rolls on the shelf to find the
of everything that goes on the aircraft. But
right one. This is a considerable time-saver.
Alphacam Advanced Mill’s 5-axis capability
Previously, we were easily spending one-two
means we’re not only able to produce them,
hours a day looking for rolls across the
but we can keep cycle times and costs down,
different locations.”
too.” He works from imported STEP files,
The ability to sort stock by expiry and
without having to create a model inside
location proved immediately beneficial, with
Alphacam, simply programming on workplanes,
Staiger citing that the savings in this area
selecting a face and plane, and then
alone being huge: “Before,
machining from it.
there was easily at least one
American firm Systima
roll or even a batch per month
Technologies Inc, based in
that could be at risk of being
Kirkland, Washington, USA,
expired. This meant either
manufactures components for
scrapping a roll worth $5,000
the defence, space and
or going through the expense
commercial markets. Founded
and tying up the resources of
in 2008, the company has
having it recertified. With
quadrupled in size in the four
CrossTrack MTL
CrossTrack MTL, we can
years since 2015. Better
is used by Systima
organise by expiry and operate
material management was put
Technologies
on a First In, First Out (FIFO)
under the spotlight by
basis. The software will have
materials and process
paid for itself within a couple of
engineer Marc Staiger, who early
months in material savings alone.”
on saw that the forecast growth would require
He adds that he appreciates the visual
it. “At that time, we had around 20 rolls of
elements within the tabular data that
composite material on-site, which we were
CrossTrack provides: “I really like the
managing ‘out-time’ with Excel spreadsheets,
percentage status bars that are shown within
but information was not up-to-date and was
the grids that display information, such as roll
scattered across PCs across the network.
Also, counting out-time involved a lot of manual length or out-time. These visuals really help
you to digest the information easier.”
work.”
Another useful feature cited has been
Systima had recently purchased Jetcam’s
document linking, where documents can be
Expert nesting software to drive its GFM knife
linked to a given material roll, batch, assembly
cutter and Omax waterjet and was made aware
or kit. “This has been useful in keeping all of
that Jetcam (https://is.gd/ohiwun) also had a
the receiving information tied to material lots,
product that could replace its spreadsheets –
and has been helpful with interfacing with
CrossTrack MTL. Says Staiger: “The company
quality control, pulling up Certificate of
was already happy with the JETCAM nesting
Conformity information on the shopfloor, etc.”
product and its support, so it made sense to
Systima regularly uses CrossTrack MTL’s
look at their material tracking solution.”
built-in reports engine, which allows users to
After an online demo, the decision was
create complex queries against the database
made to select CrossTrack MTL and a date
and export the results. Staiger again: “This
was scheduled for remote installation and
has been really useful, as we can easily export
training. Installation and training were
it to Excel. It’s helped us with working out
performed in just a couple of hours.
volumes, projected usage, etc.” A traceability
At the time of installation, Systima had four
report for a single roll or kit can also be
freezers but a fifth was to be installed. Staiger
generated within a couple of mouse-clicks.
noted that CrossTrack MTL’s flexible location
Currently used independently, CrossTrack
creation has allowed the company a deep level
MTL could be integrated with Jetcam’s nesting
of granularity for locating material: “We’ve now
solution in the future. ■
got stock logged down to shelf location. So,
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the RIGHT MACHINE
for the RIGHT JOB

Wherever you and your parts fit, you can count
on Mitsui Seiki to provide you with just what
you need. We’re not for everyone, but we are for
those who understand that reliable precision
with responsive support is the most sensible,
economical decision you can make when
choosing a machine tool technology partner.
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