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Turbulent times
T

here is no way of avoiding the topic –
Brexit is a word that has been much used
everywhere, but the aerospace industry, a
key high-tech manufacturing activity for the UK,
has seen weighty statements made, while the
figures already show a negative impact. Our first
article runs through those numbers, but
additionally looks at the UK’s ambition to become
a provider of satellite launch services and grow
its share of the global space market.
Following that there’s a report from
Renishaw’s recent aerospace event – The
Direction of Travel. Three big hitters, from Airbus,
GKN Aerospace and Rolls-Royce, gave a series of
presentations that, respectively, covered
assembly automation, additive manufacturing
and a new approach to inspection. They all
showed that the sector remains one where
leading-edge practice and thinking are found.

Returning to the central Machinery
production technology ground sees our
supplement round off with a number of case
studies where companies are employing various
flavours of manufacturing equipment to gain a
spread of benefits.
These take in: a Hardinge-Bridgeport 4-axis
machining centre to support the winning of a
handful of aerospace contracts; process
development to further drive productivity on
Starrag machine tools; Sodick wire-cut EDM
equipment to support the manufacture of
stainless steel tooling that helps automate the
coating of turbine blades; Tebis CADCAM
software to aid the manufacture using 5-axis
machine tools of moulds for composite parts;
and another CADCAM package, Open Mind
hyperMILL, in combination with conical barrel
cutting tools to slash machining times. ■
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Andrew Allcock picks over latest aerospace and space sector headlines
and reports. The Brexit vote has had its effect and will continue to do so.
As we go to press, it remains uncertain which direction is on the map,
but extended uncertainty, with no-deal still possible, is not welcome

I

t is difficult not to write about the effect that
the Brexit vote is having on the UK’s
aerospace sector. We go to press on the very
day that the UK was originally expected to leave
the EU. But with a third meaningful vote on the
Prime Minister’s deal anticipated as failing, a
new deal favoured by a majority in parliament is
possible, as are a new PM, another referendum
or an election.
Airbus’s CEO in the UK, Tom Enders, warned
in January that a no-deal Bexit could force
“potentially very harmful decisions” for Airbus’s
operations in the UK. And he added: “Make no
mistake, there are plenty of countries out there
who would love to build the wings for Airbus
aircraft.”
Airbus, remember, generates £6bn of
turnover in the UK, has more than 14,000
employees here and supports over 110,000
jobs through its supply chain. At its 25 sites,
it builds components for a broad spectrum of
products, from planes to helicopters, on to
satellites. (Enders appears in a video about the
effect of Brexit – https://is.gd/ufagut; and for
those with more time, a House of Commons
report from last March has plenty more Brexitrelated information – https://is.gd/ujucaj.)
So, that’s the warning, what has already
happened? In February, ADS, the trade body for

UK aerospace, defence, security and space
sectors, highlighted that the Office of National
Statistics’ publication of the final Index of
Production figures for 2018 showed “a worrying
slowdown for UK manufacturing over the course
of the year”.
The UK aerospace sector recorded an annual
fall of 3.9%, only the second year of declining
output in the sector since the 2008 recession.
In the seven years to 2017, growth in UK
aircraft manufacturing averaged 4.8% a year as
the sector benefited from strong global demand
and rising production rates, says ADS. Indeed,
the major global aerospace manufacturers
achieved a new aircraft delivery record of
1,618 in 2018, an increase of 8% on the
previous year.
The trade body adds that while order books
showed limited growth in 2018, compared to
recent years, the Index of Production figures for
the full year point to a declining UK share of this
high value manufacturing market, despite
production worldwide continuing to rise.
In 2017, the last year for which full figures
are available, aerospace was worth £35bn to
the UK, with £30bn in exports. The sector
employs more than 120,000 people
directly, with tens of thousands
more jobs supported

Europe’s Ariane launch capability; the UK is
not involved at partner level. But in January,
the Shetland Space Centre (SSC) announced
a partnership with Airbus/Safran-owned
ArianeGroup. This will deﬁne a concept of
operations and assess the range of missions for
the SSC spaceport project, which will be
designed from the ground up to be a
commercial satellite launch facility
operated by SSC

6

April 2019 www.machinery.co.uk

stock.adobe.com/ PRILL Mediendesign

Innovative Performance

Negatives & positives

@MachineryTweets

Airbus’s A380 – a
design heading for early
retirement, although
existing planes will ﬂy for
many years to come
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indirectly. UK companies produce critical
components for the world’s leading commercial
aircraft manufacturers, including wings,
engines, landing gear and avionics.
ADS chief executive Paul Everitt said earlier
this year: “The real impact of Brexit uncertainty
is now becoming all too clear – falling UK
aerospace production, despite increasing global
demand and a highly supportive national
industrial strategy.
“The UK aerospace sector is a success story
for our economy, delivering high value, long-term
jobs across the UK. The industry has
consistently highlighted the risks of a no-deal
Brexit and many companies are clearly choosing
to delay investment until our future relationship
with the EU is agreed.” (Visit the ADS Brexit hub
here https://is.gd/ijasub.)
And the current shenanigans are only about
our withdrawal from the EU, not future trade and
related agreements, of course – there will likely
be more uncertainty to follow the current period.
With aircraft production expected to increase
again this year, by an estimated 10.5% on that
2018 total of 1,618, a negative UK effect
cannot be a welcome situation.
ADS reported in late February that global
aircraft deliveries for January 2019 have grown
20% on the same month last year, on the back
of a strong backlog. For while new aircraft
orders placed in January saw little change yearon-year, backlog orders remain at the second
highest level on record, beaten only by
December 2018, the organisation reports.
A side issue has been Airbus deciding to
cease production of the A380 super-jumbo by
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2021. According to newspaper reports, a
“significant number” of staff will move to
production of other, more popular models,
meaning major job losses are not anticipated.
Apart from the wings made at Broughton,
landing gear and fuel systems are made at the
company’s Filton location. Enders admitted that
Airbus had been a decade too late in developing
such a large aircraft. “What we’re seeing here
is the end of the large, four-engine aircraft,”
he has said.
Enough of the gloom; the UK is setting its
sights on the fast-growing space sector. In an
article published in Via Satellite (https://is.gd/
ixuxaf) last year, the Minister of State for
Universities, Science, Research and Innovation,
Sam Gyimah, made an interesting observation:
“One fact that astounded me when I started as
science minister is that Glasgow creates more
small satellites that any other European city. Its
satellites – sometimes as small as fizzy drink
cans – are capable of everything from
monitoring the biology of the ocean to helping
African famers increase their crop production.”
Quite so; who knew? The other firm that is oft
mentioned is Surrey Satellite Technology, a
company that bags a 40% share of the global
small (typically <500 kg) satellite market.
Building on this platform, the government
last year announced the establishment of the
first vertical launch site in the country, in
Sutherland in Scotland, with other sites under
consideration for horizontal launch sites. There
is increasing demand for launch capacity as the
number of small satellites launches grows (750
in 2018 and then varying between 850 and 940

@MachineryTweets April 2019

7

The Settling Rooms, Springfield Street.
MARKET HARBOROUGH. Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk
www.kyalmachinetools.co.uk

8

April 2019 www.machinery.co.uk

AEROSPACE SUPPLEMENT
stock.adobe.com/Vizphotos

A SECTOR’S UPS & DOWNS

Satellite launch services are the
UK’s new target – a 10% share
of the global space economy by
2030 is the ambition

per year to 2021-2030, according to a Launch
UK presentation [https://is.gd/caxapo], but
could even approach 2,500 annually in 2030,
according to Frost & Sullivan report [https://
is.gd/ruwaca]).
Launch UK (https://is.gd/teluja) says that
the total market is put at £25bn “to launch and
sustain new small satellite constellations over
20 years”, with an additional £10bn “for suborbital flights providing access to microgravity
for research and space experiences”. And the
ambition of Launch UK is that “by 2025,
infrastructure and launch vehicles that have
been rapidly established in the UK are servicing
the global small satellite launch and sub-orbital
spaceflight markets.”
The latest analysis of the UK’s activity (Size
& Health of the UK Space Industry 2018,
penned by the UK Space Agency) shows a
sector worth £14.8bn for 2016/2017, up from
£13.7bn in the previous similar period, and one
that accounts for 41,900 jobs. The UK space
industry now comprises 948 organisations, with
39 new entrants per year since 2012, the
analysis states.
That latest figure means the UK accounts
for 5.1% of the global space economy.
According to ‘Global Space Industry Dynamics’
published in 2017 (https://is.gd/ogunoc), the
global space economy in 2016 was $345
billion, one quarter derived from government
budgets with three quarters commercial.
That 2017 report adds that nine national
space budgets exceed $1bn: the US, China,
Europe (collectively), Russia, India, Japan,
France, Germany and Italy. All nations with
$1bn+ space budgets have human spaceflight
programmes and indigenous launch capability
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(France, Germany and Italy achieve this through
participation in ESA, being major partners in the
ArianeGroup launch consortium).
The UK industry is already heavily
commercially-focused, with 82% of income from
sales to consumers and businesses, the report
says. That said, it adds that the public sector
share has increased from 14% (2014/15) to
18% (space agencies 4%, government 14%),
but is lower than the global average of 20%.
R&D in the sector is high – 10% of direct
GVA, which is six times higher than the UK
average of 1.7% – although the automotive
industry beats that with its 20% figure.
From where launch revenue will be drawn is
not so clear, but the country’s existing
business is, it has to be said, heavily Europe
linked; 54% of UK exports and 69% of all
imports – France alone takes 40% of all
exports, the European Space Agency 29% (so
together, 69% of all exports). EU-funded
programmes account for 4.8% of total nondirect to home (DTH) industry income (almost
half of the sector’s £14.8bn income comes
from DTH broadcasting, although globally this is
a falling market). In terms of income, though,
Europe accounts for only 20%, the UK itself is
the major market at 63%.
Brexit complications notwithstanding, UK
ambition remains high; the UK Space Agency
report says a global share of 8% of the space
economy by 2020 and 10% by 2030 are
targeted, although notes that as this sector is a
dollar market, so translation to pounds sterling
has an effect – the UK’s global share fell from
6.5% in 2014/15 to 5.1% in 2016/17, for
example, on a depreciating currency following
the Brexit vote. ■

@MachineryTweets April 2019

Kyal Machine Tools Limited.
The Settling Rooms, Springfield Street.
MARKET HARBOROUGH
Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk
9

AEROSPACE SUPPLEMENT
THE VIEW FROM THE INDUSTRY

Challenges & potential
Renishaw held an aerospace event, The Direction of Travel, at its New
Mills, Wotton-Under-Edge, Glos location last month. Airbus spoke about
automation challenges, GKN Aerospace on additive manufacturing
potential and Rolls-Royce elaborated its changing approach to inspection

A

irline passenger traffic doubles every 15
years, or so, opened Airbus’s Trevor
Higgs, head of landing gear and UK head
of engineering. Much of that growth will be in
Asia-Pacific, with new routes contributing 30% of
growth to 2035, while established networks will
deliver the other 70%. Currently, 3.6bn
passengers/year get on and off aircraft globally.
And during the Renishaw event, he highlighted
that there would be 31,000 take-offs and
landings, with Airbus aircraft contributing to that
at the rate of a take-off and landing every 1.4
seconds, doing that 24 hours a day, 365 days a
year, in fact. “The market is huge, it’s here to
stay and we have a huge backlog. If you wanted
to order a single-aisle plane from us, we
couldn’t promise you one until 2022/23.”
And capacity increase in assembly
operations to a higher rate than ever before
while reducing costs, with an emphasis on
automation, was a central theme. But Airbus’s
representative actually had more questions
about how to automate than news about how it
is automating. It remains a big challenge, with
the industry’s particular attributes meaning it
can’t simply borrow from the automotive sector,
for example. Aerospace has complex niche
applications that are high cost, he said. Dealing
with large parts having demanding accuracy and
repeatability requirements, plus worker safety
are also in the mix. “We are embarking on a

Airbus’s Trevor
Higgs, head of landing
gear and UK head of
engineering

10

process now, looking at how we bring our
manufacturing systems to the next level, and
beyond that for the future.” Large elements of
the work that Airbus undertakes is done in
‘mandrolic’ fashion, Higgs offered, with this
taking in manual machining, drilling, fettling,
autoclave loading, heat treatment, painting,
bolting and assembly. “The challenge for us is
‘how do we make a step-change in
automation?’”
Of course, some of the products were laid
down 30 years ago, so carry the processes with
them. Attempts at automation have been made,
with a key target being to tackle the three Ds –
work that is dull, dangerous or dirty. “But it has
not been an easy process,” Higgs said, noting
issues relating to equipment breakdown,
meaning production is impacted, and the fact
that suppliers have told him that an automation
system could take as much as two years to bed
down; not acceptable.
In showing a slide of a wing component being
tackled by modern-looking robots, with no
human in sight, he said that he didn’t think that
such an environment was likely; people will still
be present but aided by automation such as
wearable robotics and smart tools.
Moving onto what the company is achieving,
the A350 wing does have a “large element of
automation”, he offered, adding that there are
benefits, once the system is mature but that the
introduction phase is difficult – making it less
difficult was his challenge to suppliers of the
technology. The A350 wing is assembled in a
horizontal attitude, not vertical as before, for
ergonomic reasons, Higgs said, and is also the
first program to employ ‘pulsing’; automatic
guided vehicles move full size wings in semiassembled states through each step of the
process, with cells incorporating Electroimpactsupplied automation solutions, including mobile
robotic drilling machines that support primary
assembly cells in tacking the wingbox.
Electroimpact supplied the complete turnkey
factory solution, in fact, taking in the overall
factory layout and multiple assembly station
designs involving flexible automation solutions.
GKN Aerospace’s Paul Perera, VP technology
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RenishawÕs aerospace event in early March proved a big draw
at GKN Aerospace, homed in on the future for
additive manufacturing (AM) in aerospace, an
area in which the company can claim 12 years’
history. The seriousness that it attaches to this
is underlined by the fact that GKN Aerospace
has invested 10% more annually in AM than it
would have done prior to its recent acquisition
by Melrose, he highlighted. Of AM he said: “One
of the challenges we have when we bring
technology to the table is how it advances our
business but also how it improves our
application of other technologies. Additive is
one of those things that unlocks a number of
things for us. But what’s holding us back, at the
moment, is being confident in that technology.
One of the things we don’t have time for is to
build up confidence; we sit in this limbo land of
knowing that something is about to happen and
then suddenly there’s a new programme and
we have to be ready and haven’t got the time.
I think right now we have the luxury of a pause
between two big programmes and we are
actually able to harness the benefits of that
technology, but it requires us to work in a
different way.” That new way of working to build
AM confidence will include working together with
others, he offered.
Traditionally, aerospace companies have
been protective of their technology IP, but
Perera asked: “Is there a way to share at least
some level of understanding of where we are all
at, so we can drive further and faster? Because,
ultimately, the prize is about designing for a
better solution, optimising that design, enabling
what I think is the key that AM brings to the
table, unlocking functional optimisation, being
able to design together things that we couldn’t
have designed before.”
For AM to take off, however, he believes that
the next big platform is required, which may
come from either civil or defence sectors, but
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where defence is likely to allow for faster
uptake for AM parts.
For GKN Aerospace, AM has the potential to
unlock huge potential in each of its market
sectors, structures, engines and special
technologies. It is working on wing pylons
incorporating AM technology; is working with
Rolls-Royce on the XWB engine parts and
already has flying AM engine components
elsewhere; is printing electrical wiring
harnesses in thermoplastics; and is already
producing spare parts for the military sector.
Indeed, at the Farnborough Air Show last year,
the company made the statement: “Our AM
technology is flying on seven major aircraft and
rotor-craft platforms,” representing “the largest
range of flying AM parts and the broadest suite
of AM technologies globally.”
The company’s AM effort is currently centred
around 150 people at three centres, USA, UK
and Sweden. GKN’s automotive business is
also working on AM, in Germany, while Perera
added that GKN Aerospace had signed a joint
venture with Chinese plane maker COMAC last
November that will also support AM efforts.
And through these he said the company
really wants to understand how to model,
simulate, test, build and validate to meet the
strict requirements of safety, so as to get flight
certification. The biggest challenge across the
business is to build confidence across that
process chain. Perera cited the company’s
Filton AM facility, where this confidence is being
built, adding that he believes GKN Aerospace
has “one of the largest [AM] capabilities in the
globe”. Capturing build file data and in-process
layer-by-layer data, and performing various big
data analyses to demonstrate quality is an
important avenue of work, he revealed.
GKN Aerospace is looking at all AM
processes, because “it doesn’t know which
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technologies will advance more quickly than
others”, while it also wants to have options for
future products, he added. Polymer AM,
incidentally, is being used to support the
manufacture of tooling to support its
manufacturing processes, with this one of the
company’s “more successful business cases”.
The VP technology revealed that the
company is soon to bring to the UK a largeformat metal AM machine designed and
developed by GKN Aerospace at Oak Ridge
National Laboratories in Tennessee – a wirefed laser deposition system. It can build
double-sided 2 m sections at seven-times the
rate of anything else, he said. The company is
already, via its Sweden operation (previously
Volvo Aerospace), building jet engine split
cases of about 1 m height, and this new
development builds on that. That engine split
case must now be subject to full lifecycle
testing, however. And in this large-scale area,
the company is developing its own AM
simulation software for wire-based laser
deposition, to afford it some “differentiation”,
Perera revealed.
The AM benefit for GKN Aerospace is seen
not in the production of legacy parts, where
some are starting, but in the design of parts
for additive manufacturing. And he was able to
cite examples of large weight reductions in
metal brackets of up to 42%, achieved in
parallel with an increase in performance, with
that underlined by sawing through parts of a
structure to demonstrate redundancy.
Elsewhere, in larger parts such as fan case
mount rings a reduction in buy-to-fly from 7.5
to 1.5 has been achieved. But to benefit from
this design approach requires time. Projects
such as the current Wing of Tomorrow, with
which the company is involved, allow that, it
was said.
Collaboration has been important in its AM
achievements, Perera noted, returning to that
central theme, and he went on to underline his
The Settling Rooms, Springfield Street.
MARKET HARBOROUGH. Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk
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company’s investment (£100m over five
years), along with government, in its Global
Technology Centre in Bristol. Due to open in
Q2 2020, it will support collaborative working
in the areas of automation, composites and
AM – half of the centre will be dedicated to AM
technology, he suggested. “The opportunity,
we believe, is to really build joint intellectual
property together, advance and accelerate the
development of digital capabilities.”
Rolls-Royce’s Simon Gough-Rundle, civil
aerospace chief metrologist, took the audience
through the company’s 11-year measurement
journey, rather ironically arguing against
inspection, well, traditional end-of-line
inspection, at least. The engineering giant has
27 plants, each one has a metrology specialist
that additionally supports the supply chain.
Uncertainty of measurement has been a key
inspection challenge – different results from
separate companies; which is right? And
understanding where in the tolerance band a
measurement falls, as opposed to operating a
simple pass/fail approach, has been another.
The company has: spent heavily on
measurement systems analysis (MSA), making
sure it has equipment capable of inspecting
what it needs to; has trained 2,500 staff in the
UK alone via NPL basics of measurement
courses; invested £80m, and rising, in
metrology equipment, including new
technologies such as X-ray, to measure parts
having the demanding tolerances its designs
call for; plus developed standards and
guidance, and then produced simplified
minimum standards, because the former were
too complex.
That put the focus on measurement, but in
being able to measure something reliably, the
question is, just exactly what tolerances are
practical to achieve in production, because, as
the chief metrologist underlined, Rolls-Royce is
in the business of making bits, not their
inspection, and quality is linked to productivity
such that increasing quality demands work
against productivity.
So, flowing from that, two strands of action
have resulted. First, that since inspection is
never 100% effective, the company is focusing
on defect prevention via process control, not
end-of-line measurement, in pursuit of zero
defects; and, second, that parts should not be
designed with tolerances that cannot be
reliably manufactured in production.
The first is formalised in Rolls-Royce’s
advanced quality planning and process control
approach that takes in: customer consultation;
product design, employing failure mode effect
analysis (FMEA); establishment of capable
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manufacturing processes, again employing
FMEA to assess risk of non-conformance; any
risks of non-conformance are then mitigated,
with relevant levels of control established,
including regimes such as mistake-proofing and
SPC; ensuring capability of inspection
methods/equipment used in production
inspection; measurement of process capability;
employment of production measurement data
to manage production processes, before any
defects can be made; and if things go wrong,
employing a problem-solving process to learn
and feed back to the FMEA process (video:
https://is.gd/ikurax).
For some time, suppliers have been invited
to join the zero defects movement; no surprise,
75% of the parts that get fitted into an engine
come from external suppliers. But how to guide
them in making sure their measurement is both
appropriate and capable? In analysing nonconformance, Rolls-Royce identified six areas at
root: measurement planning; calibration;
capability; training and competence; equipment
method; and environment. Getting the basics
right, then, is required, Gough-Rundle said, but
to be effective on a wide front, the company set
about working with other aerospace firms,
setting up the Aerospace Engine
Supplier Quality (AESQ) Strategy
Group, taking in GKN Aerospace,
Honeywell, MTU, Pratt & Whitney,
Safran, GE and more.
A number of standards have
resulted (https://is.gd/mayuso)
https://is.gd/mayuso)
that are now common across
the aeroengine supply chain.
These draw on existing
standards and practices but
add, for example,
acceptance criteria in the
case of AS13003,
Measurement Systems Analysis
Requirements for the Aero Engine
Supply Chain. So, for equipment
measuring critical features,
gauge R&R, for example, must be
10%, but for non-critical
dimensions where if the part is out
by twice the tolerance it will cause
no disruption to the engine, gauge
R&R can be 30% – not industrystandard, but says the chief
metrologist: “Why can’t I do that?
There is no logical reason why I
can’t. So, we have…
A whole lot of common sense has
gone into to setting the standard.”
This AESQ collaboration also reduces
supplier qualification visits, too.
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Turning to the second strand of design
tolerances, custom and practice have dictated
the adoption of certain tolerances in certain
situations, and the question really is ‘what
tolerances do I need?’, Gough-Rundle asked.
“We have been making engines for almost 100
years; those engines are flying. We didn’t have
CMMs when they were designed, but now we
measure them with CMMs and find parts are
not to drawing; but they are flying, how can that
be? Because we didn’t go into this level of
detail, we didn’t have this knowledge, we didn’t
have this technology.”
So, what has happened is that modern
engine designs have adopted part tolerances
that can’t be held in production but which are
produced with the necessary signatures
relaxing, say, gauge R&R criteria. “We have
stopped that,” Gough-Rundle emphatically said.
“If you have a product that you can’t make,
there is no point in making it, because you’re
going to get poor quality.”
On Rolls-Royce’s live products, 32% of
product definitions have a ±10 micron
tolerance – “It’s just ridiculous,” he observed.
For XWB bearings, the tolerance is ±6 microns
and for the firm’s current gearbox, tolerances
are ±2.5 microns – bacteria measure
2 microns. “So, I have to say to the designer,
‘do you want me to wipe it first?’”, the
metrology expert lightly jests.
On visual inspection requests such as
those for ±50 microns he poses:
“How are you going to do that?
You can only see it if it’s 40
microns [the limit of human
vision]. How are you going to tell
if it’s right or wrong?”
He says that his team are
starting to turn the argument
but adds “it’s like turning a supertanker”.
So, the end target is to eliminate
end-of-line inspection and instead
make parts designed with
manufacturable tolerances defectfree via capable processes, with parts
assessed during production using
appropriate and capable metrology
equipment and methods to maintain
that defect-free regime. Rolls-Royce is
getting there, adopting a Cpk2 regime.
And Rolls-Royce’s metrology expert
concludes: “We are already starting to
see zero-defect parts.” ■
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Rolls-Royce’s Simon Gough-Rundle,
civil aerospace chief metrologist,
gave an illuminating presentation

13

Kyal Machine Tools Limited.
The Settling Rooms, Springfield Street.
MARKET HARBOROUGH
Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk

AEROSPACE SUPPLEMENT
ADVERTISEMENT FEATURE

XXXXX

VERICUT digital
twin shows the way
One of the early adopters of the ‘twin’ concept was NASA, where
a full-scale mock-up of the early space capsules was used on the
ground to mirror and diagnose problems in orbit. These eventually
gave way to fully digital simulations. The digital twin provides a
representation of a physical object or system

T

oday, the technology behind digital
twins has expanded to include
large complex items such as
buildings, factories and even cities, and
some have said people and processes
can have digital twins. In the aerospace
manufacturing arena, independent CNC
machine tool simulation and optimisation
software VERICUT is leading the way.
In essence, a digital twin is a
computer program that takes real-world
data about a physical object or system
as inputs and produces, as outputs,
predictions or simulations of how that
physical object or system will be affected
by those inputs.
So, digital twins can be used to

predict different outcomes, based on
variable data. The more that a digital
twin can duplicate the physical object,
the more likely that efficiencies and other
benefits can be found. In manufacturing,
where the more highly controlled devices
are found, digital twins can accurately
simulate performance over time, which
could help in predicting future
performance and possible failure.
While its output is a physical object,
manufacturing inevitably begins with data
during the CAD design phase. That data
is communicated to CNC machine tools
via CAM software to execute designs —
the transition point between the digital
and physical worlds. As a simulation and
optimisation solution, VERICUT bridges
the CAD-to-CAM-to-manufacturing
sequence. The software ensures that the
NC machine will behave as expected by
the programmer and that the
manufactured component will accurately
reflect the target CAD model.

TWINS IN AEROSPACE
Supporting the global aerospace
industry, CGTech has VERICUT users that
manufacture airframe, propulsion, control
surfaces and interiors for both the civil
and defence sectors. For most, CAM
covers every step of the manufacturing
process, including the engineering
master model of the component, stage
definitions associated to each operation,
fixturing and tooling, cutting tools, the NC
toolpath and set-up information. The
‘digital twins’ of each element allow the
engineering teams within companies to
test and prove processes in a virtual
environment before they are applied –
error free – to the real world. With OTIF
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(On Time In Full) being a key performance
indicator for many, it is not unusual for
90% or more of the machine tools used
to be fully simulated.
CGTech managing director Tony
Shrewsbury states: “We know from
project experience with various
customers that complex components will
require upwards of 400 digital twin
models to truly match the virtual to
actual world, including the machine tool,
manufacturing stage models, tooling and
fixtures, and so on.
“We know that combining CAD/CAM
systems and VERICUT will provide
significant benefits. Even though the
process of creating the virtual elements
required takes time, most engineering
departments can save hours by having a
digital twin and using the verification
capabilities of VERICUT. As well as
efficiency gains in the machining cycle
times, which will reduce the need for
overtime, it also eliminates the risk of
damages from collisions.”
It’s not just the cost of the machine
tool repair and the potential scrapping of
the workpiece, any collision damage will
also have a detrimental effect on the
delivery schedule that aerospace
suppliers work to with their customers.
“Any damaged machine tool is a loss of
production capacity and trying to find an
alternative manufacturing resource within
a production process that is already fully
booked can be rather difficult. It could
have a negative impact on the timeline
between the assembly line and the
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CGTech’s VERICUT has been providing
a digital twin environment for many
years, aiding the manufacture of critical
aerospace parts
customer receiving the finished product,
which is protected by contract
stipulations with penalties for delay,”
Tony Shrewsbury points out.
He continues: “By using VERICUT, all
machine tools can perform virtual
production tasks for testing and approval
while actually producing high end
components. It can help manufacturers
meet the challenges from the OEMs.
Using CAD/CAM and VERICUT, they can
improve efficiency and ensure
productivity, which helps them achieve
the delivery promise to the end
customer.”

VIRTUAL MACHINING
Since the company was founded in
1988, CGTech has been developing NC
code simulation with its VERICUT
software. By simulating the
manufacturing process, it is possible to
produce a cutting toolpath that is
collision-free and, therefore, more
efficient and ultimately cost-effective.
Focusing on smart factories, the term
‘Industry 4.0’ was revived in 2011 with
the term ‘digital twin’ being coined a
year or so later. By that time, VERICUT
software had been providing digital
solutions, specifically the simulations of
machine tools and the digital processing
of components in the virtual
environment, for over a quarter of a
century.
At the time the software was
launched, CGTech founder Jon Prun
implemented in a small way what is
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today the common paradigm of the
manufacturing industry: the merging of
the physical and virtual worlds. VERICUT
can simulate every CNC machine,
regardless of the manufacturer, and the
necessary interfaces to integrate
VERICUT into the specific CAD/CAM
software manufacturing environment are
available. All necessary data, such as
raw part, finished part, NC programs,
fixtures, tools and zero/datum points,
are transferred to the CNC machine
ready for production.
It’s important not to be too simplistic
when creating a model for a digital twin,
as accuracy counts, and to be selective
in choosing where to begin. CGTech
encourages customers to consider these
steps:
Imagine. Think about which products or
processes could benefit most from
having a digital twin. Good candidates
typically have two characteristics. First,
they are valuable enough to justify the
investment. And second, there are
unexplained process- or product-related
issues that could potentially unlock
value for either the end customer or the
business.
Identify. After creating a shortlist of
potential application scenarios, assess
them for suitability for a pilot test, taking
operational, business and organisational
factors into account. Good examples
include products or components that
have high variability in the manufacturing
process, require tight tolerances to meet
design criteria, and/or are produced
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from challenging materials. It can be a
good idea to focus on families of parts
with the potential to scale up the
benefits.
Pilot. Consider moving quickly into a
pilot programme using iterative and agile
cycles to accelerate learning, manage
risk proactively and maximise return on
initial investments. As soon as that
initial value has been delivered, it is
crucial to communicate it to the whole
business operation.
Scale. Once successful, identify
opportunities to use the digital twin.
Target adjacent or interconnected
processes. Use lessons learned and
tools, techniques and experience
developed during the pilot to scale up. It
is also important to continue to
communicate the value realised to the
business.
Measure. Identify the tangible benefits
in cycle time, yield throughput, quality,
utilisation, incidents and cost per item,
for example. Make changes to digital
twin processes iteratively and optimise
the configuration.
Success on a digital twin journey will
depend on the ability to demonstrate
increasing value for the business over
time. Ultimately, it may lead to
integrating the digital twin into the
complete organisational structure —
from R&D to sales — as well as
continually leveraging the resulting
insights to change how the company
conducts business, makes decisions
and creates new revenue streams. ■
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Lifting production

Andrew Allcock reviews a number of case studies in the aerospace
sector, involving a variety of production, or production support,
technologies, taking in machining centres, EDM and CADCAM software

A

new Hardinge Bridgeport XR1000 with
Nikken fourth-axis rotary table will help
subcontractor Thomas Brown
Engineering of Huddersfield capitalise on three
recent aerospace contract wins.
The new machine, supplied by Engineering
Technology Group (https://is.gd/ulufay), will
support the company’s efforts via the
additional power and torque provided by its
GTW spindle that is able to drive tooling
through the toughest materials, while the
Heidenhain TNC 640 control and Nikken
fourth-axis rotary table deliver increased
accuracy, flexibility and repeatability. In
addition, a Blum (https://is.gd/yeceri) TC50
spindle probe and ZX-Speed IR tool setting
probe help achieve ‘on-machine’ workpiece
inspection/evaluation and in-process tool
management
Says Tom Brown, who founded the
business in 1983 after serving an
apprenticeship and working at a local firm:
“We have always been big fans of Hardinge
Bridgeport and the excellent performance
the machines deliver, so it was no surprise
when we updated our capabilities with the
new XR1000 [1,020 by 620 by 620 mm
travels; X, Y, Z].
“Aerospace is a growing market for us,
following our AS9100 accreditation, and this
helped us secure three important contracts,

which required more capacity and achievement
of shorter lead times.
“We spoke to ETG about our requirements
and came up with the XR1000, specifying it
with a Nikken fourth-axis rotary table to give us
the opportunity to produce more complex
components.
“It is a decision that is already paying off,
with some cycle times reduced by as much as
20%. This makes a major difference to our
productivity.”
JJ Churchill is a well-established aerospace
subcontractor and has plumped for Starrag
machining centre technology (https://is.gd/
akakav) – it will soon have six (LX051, SX
051B and LX151 models). The company is
now pursuing process development with the
Swiss machine tool builder.
Nuneaton-based JJ Churchill has adopted
the machining of blades complete from solid
in a single set-up, rather than machining larger
batches of forgings. Together with Starrag, it
is now developing specific production
processes that look set to consistently
produce world-beating time and manufacturing
benefits through the implementation of both
in-process probing (before machining
commences) and adaptive milling routines.
JJ Churchill’s head of engineering, Will
McAleese, explains: “A blade is conventionally
held by clamping on the machine’s tailstock/

Process improvement at JJ Churchill is getting
even more out of its Starrag machines
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Innovative Performance
The E Series Concept
Combines conventional, manual
data input and CNC versatility
within one machine and control
system
E30/E40/E50/E60/E70
Apprentice, vocational training

Thomas Brown Engineering installed this Hardinge
Bridgeport VMC to help with new contracts

driven head and, rather than machining
commencing on the assumption that the blade
is positioned and held accurately every time –
which isn’t always the case – we’re now
probing the root to accurately locate its
position.
“Using Starrag’s RCS CAM software, the
machining program then automatically adjusts
to the blade’s true position within the machine
and determines the ‘best fit’ position of the
blade in relation to the root. This means we
can eliminate the need to measure the blade
[by co-ordinate measuring machine] after
machining and, if necessary, adjust and rewrite programs then undergo a period of
post-programming before we can re-start
machining. The potential time savings are
extraordinary, if we can ensure this probing
regime is consistently faultless.”
As regards improving surface finish, RCS’s
adaptive milling capability is being put to work
to create perfect blends on aerofoils, on both
bar and forged blades – a technique where
Haimer heat-shrink tooling (https://is.gd/ugivij)
and 2 mm diameter ballnose cutters
also play key roles. “Better surface
finish is the result of improving and
decreasing the cutter step-over,” says
McAleese, “as well as creating far less
stress on the material and improved
process capability, as well as
extended tool life.”
A company making tooling to
support aerospace part manufacture
has installed a Sodick wire EDM
unit. Derby-based Promach 3D
installed its new Sodick ALC 400G
(Sodi-Tech, https://is.gd/muvegi)) to

support the production of fir-tree profiles on
special tooling for a critical aerospace
application.
Explains company founder Matt Fazekas:
“We won an aerospace contract that, in the
first instance, involved liaising with the
customer to assist with the design-formanufacture of stainless steel tooling that
helps automate the coating of turbine blades.
From the outset it was clear that, due to the
complexity of a key feature, wire EDM was the
only way it could be made effectively and
efficiently.”
And having taken on an additional facility in
Derby, the company decided to invest in a
second wire EDM, not just to increase capacity,
but to take advantage of the latest technology.
“Our existing wire EDM is six years old and
technology has moved on. Although we looked
at the whole market, due to the reliability and
functionality of our [existing] Sodick AG600L,
we returned to Sodi-Tech EDM. The ALC 400G
[400 by 300 by 250 mm travels; X, Y, Z)] was
the right machine for our requirements, largely
thanks to its versatility and
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E90/110/120/150/175
Oil and gas industries

• Robust design for precision
and stablility
• Multiple tooling turret options
• Large spindle bores upto
580 mm diameter
• Automated cycles fast and
simple communication
between man and machine

Tooling for aerospace needs is now
better satisﬁed by latest Sodick
EDM tech at Promach 3D
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• Machining of
simple/complex components
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high specification. As a subcontract business,
we never know what will come through the door
tomorrow, so we have to be prepared and
continue to offer high-end solutions,” says
Fazekas.
As to the aerospace job itself, he says: “We
designed a fixture to EDM 20 root holders at a
time on our new Sodick ALC 400G, typically
running lights-out over a 12-hour cycle time.
The AWT [automatic wire threading] technology
of the Sodick machine is excellent, which
means we can leave it to run assured of its
reliability. If we need to run the machine over a
longer unattended period, we can use the
Sodick Jumbo wire feeder for a full weekend’s
worth. To be honest, once set up and
programmed, the machine just looks after itself,
working quietly in the background. Also worth a
mention is that the cutting speed of our new
Sodick is faster than our six-year-old wire EDM,
probably by at least 10%.”
Also making tooling, principally for moulding,
stamping, pressing and drawing of plastics, is
German firm Frimo Sontra GmbH. However, the
company is seeing an increasing requirement
for tools for the processing of composite
materials. The tooling specialist has employed
Tebis CADCAM software (https://is.gd/iyutus)
for some 20 years. Today it supports its 5-axis
programming needs with it, having more
recently adopted the Tebis Simulator,
introduced, initially, with the intention of
enabling more reliable and effective operation
with 5-axis simultaneous machining programs.
Says Jürgen Fichtner, operations manager:
“We have parts weighing five to six tons on the
machining table. The machine head has to
travel extremely close to the part during
machining. The operators have to be certain
that everything is proceeding without collisions
in these situations, because they often can’t
even see what’s happening.”
A project requiring the machining of 2,800
mould halves for the manufacture of CFK parts
for use in the aerospace industry offers an
example of Tebis’ benefits. Each mould had
contours having tolerances of ±0.05 mm and a
manufacturing time of between six and 10
hours. Employing Tebis templates, NC program
generation is a maximum of one hour each.
Tebis has process libraries where
manufacturing knowledge is held, so the
software thus knows a company’s machines,
tools and controls in detail. Optimised
manufacturing knowledge is stored in NC
templates that enables standardised work and
automation for NC programming.
With the help of Tebis simulator, which
confirms reliable programs, only one machine
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Open Mind and conical barrel
cutters have slashed machining
times at Concept Reality Inc

operator was needed for this machining job,
even though up to three machines were run
simultaneously. The reliability of Tebis’ output
has had other benefits, too. “We were able to
take over three more machines from a different
location and operate them with our existing
personnel, corresponding to roughly 12,000
hours of additional manufacturing capacity per
year that we no longer have to contract out,”
Fichtner concludes.
Another company lauding its CADCAM
software is US firm Concept Reality Inc of
Vancouver. The firm is using Open Mind’s
hyperMILL CAM software (https://is.gd/gatuno)
for 5-axis machining. The software incorporates
MAXX Machining for finishing, roughing and
drilling. Finish milling can be employed
alongside conical barrel cutter technology –
cutters having very large radii along their side,
ranging from 250 to 1,500 mm. These support
large step-overs at low cusp height.
Using the MAXX Machining finishing module
and conical barrel cutters can reduce cycle
times by over 90%, it is claimed. Says Chris
Nunn, president of Concept Reality Inc: “On a
recent aerospace project, the hyperMILL MAXX
Machining finishing process allowed us to
increase our step down between toolpaths by
12x, when compared with traditional machining
methods using ballnose cutting tools. This
saved us five hours per part in finishing
operations while reducing cusp height. We were
able to deliver a higher quality part in less time
– a great benefit to our customer.” ■
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