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Higher highs
T

his aerospace supplement has threads
that take in a number of themes that are
gathering pace. We have news of electric
aircraft engine technology and development, the
breaking of, or the wish to break, machining
records for various materials, the use of
additively-manufactured parts in both end product
manufature and support of production, and an
expanding UK aerospace market, seen as an
opportunity by one of the country’s closest of
neighbours, Ireland.
Aside from those themes, we do, of course,
carry case studies concerning companies
upgrading their ‘traditional’ metalcutting
production kit to expand capacity or improve
capability and efficiency. It is capacity to produce
all the aircraft that are forecast as being needed
over the coming years that drives the push for
more from a single machine tool, of course;

mutliplying the installed base of machines simply
doesn’t make sense. Companies must do more
with the same or similar production set-ups. And
that is the purpose of this supplement; to show
how companies are doing that as an example for
others to follow.
Some of the more wacky developments are
not given space here, but do provide food for
thought and interest. Much effort in aircraft/aeroengine developent is on reducing fuel
consumption and, hence, pollution. Going electric
is obviously one way to achieve this, but biofuels
are another. And a particularly quirky example has
been one where biofuels have been made from
waste gases from steelmaking plant. Involving
clean tech company LanzaTech and Virgin
Atlantic, news of the production of 1,500 US
gallons of aviation fuel was hailed last year;
a test flight is awaited. ■
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Airbus, Rolls-Royce and
Siemens late last year formed a
partnership that aims to
develop a near-term flight
demonstrator that will be a
significant step forward in
hybrid-electric propulsion for
commercial aircraft.
The E-Fan X hybrid-electric
technology demonstrator is
anticipated to fly in 2020,
following a comprehensive
ground test campaign,
provisionally on a BAe 146
flying testbed, with one of the
aircraft’s four gas turbine
engines replaced by a 2 MW electric motor.
Provisions will be made to replace a second gas
turbine with an electric motor, once system maturity
has been proven.
“The E-Fan X is an important next step in our
goal of making electric flight a reality in the
foreseeable future. The lessons we learned from a
long history of electric flight demonstrators, starting
with the Cri-Cri, including the e-Genius, E-Star and
culminating most recently with the E-Fan 1.2, as

Airbus

Electric aero-engine testbed progress

well as the fruits of the E-Aircraft Systems House
collaboration with Siemens, will pave the way to a
hybrid single-aisle commercial aircraft that is safe,
efficient, and cost-effective,” said Paul Eremenko,
Airbus CTO, who has since left the company.
(The UK’s ATI and EPSRC will host a symposium
focusing on hybrid-electric and electric aircraft in
May. The event will share findings from four EPSRCsupported studies that have been scoping key
issues towards future electric aircraft. Read more at:
https://is.gd/vetura.)

World-class titanium
machining ambition

Irish aerospace firms
look to UK for growth

US company Acromil Corporation, a supplier
of structural components and assemblies to
the aerospace and defence industries, has
ordered two Cincinnati Wide-Range (WR)
titanium profilers and a Giddings & Lewis
horizontal boring mill (HBM) from European
engineering group Fives as the start of a twophase expansion.
Acromil, City of Industry, California, and
Fives (www.ﬁvesgroup.com) will establish a
world-class hard metals manufacturing centre
with 5-axis high metal removal technology,
aiming to produce the most productive
titanium cutting machines available.
Says Ed Hatcher, Acromil’s executive vice
president: “We believe our collaboration with
Fives Group will change the way aerospace
manufacturers approach titanium machining.”
The Cincinnati WR titanium profilers are
designed, manufactured and delivered by
Fives Cincinnati, Hebron, Kentucky; the
Giddings & Lewis HBM by Fives Giddings &
Lewis, Fond du Lac, Wisconsin.

Ireland’s aerospace and aviation industry is
accelerating and is now worth over €4.1bn to the
Irish economy, and it is looking to win more
business from the UK.
Ireland already has an established supply chain
with both prime and Tier 1 companies in the UK,
which include Bombardier, Rockwell Collins, GKN
and Patton Air.
Sean Long, senior UK market adviser for
engineering, electronics at Enterprise Ireland, says:
“Boasting a competitive and agile aviation and
aerospace sector, there is tremendous scope for
Ireland to build intelligent, innovative and
ambitious partnerships with the UK and beyond.
At Enterprise Ireland, we are working thoroughly to
ensure we use our industry and regional expertise
to help companies within the sector achieve their
global ambition.
“We are aiming to harness this value by
supporting a growing Irish supply chain within the
sector. For example, we have been working with
Dublin Aerospace, one of the leading Irish providers
of MRO services, to help it on its way in reaching a
€70m turnover by 2020.”
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Modig’s world record SS7075 machining claim
Swedish machine tool company Modig (www.
aeromachinery.com), which has an established
track record of aerospace sector-related
innovation, claims to have achieved a world record
on aerospace material Alcoa AlZn SS7075 at its
factory in October 2017. The company performed
metal removal at the rate of 16.40 l/min to
produce 198 l of swarf/minute.
A worldwide audience, including visitors from
Canada, USA, Mexico, Spain, Sweden, the UK and
France, saw the record achieved on the Modig
RigiMill gantry machine, which features a 220 kW,
18,000 rpm spindle.
While Modig’s HHV machining centre broke all
company records for previous orders taken for a
new release machine tool, the RigiMill has
surpassed this with one USA customer placing a
contract for 16 machines. Some 90% of all the
aerospace-related contracts for the RigiMill will be
delivered as a turnkey project with an automated
pallet load system and Modig-designed fixtures.
To support the increasing build programme, a
new, state-of-the-art facility is in build in Kalmar,
Sweden, which will also have the capacity to build
the next generation of machines already on the
company’s drawing boards.

GE Engine with additively-manufactured parts
Last year, GE Aviation’s Advanced Turboprop
(ATP) engine successfully completed its first
engine test run. Some 35% of the turboprop’s
parts are built via additive manufacturing,
reducing weight by 5% and contributing a 1%
improvement in specific fuel consumption.
The ATP will include more printed components
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than any production engine in aviation history,
with 855 conventionally manufactured parts
reduced to 12 additively-made ones.
The Advanced Turboprop engine will begin
certification this year. It will power Textron
Aviation’s new Cessna Denali, which is expected
to fly later this year.
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Productivity
good but variable
While the UK economy has struggled to achieve any productivity growth
since the global ﬁnancial crisis (although latest ﬁgures do show a
pick-up), this is not true for the UK aerospace sector, a study by the
Aerospace Technology Institute has discovered. But there’s variation

P

roductivity per worker in the UK
aerospace industry has increased by
50% between 2009 and 2016, while at
the same time direct sector employment has
grown by 14,000. Productivity in the UK
aerospace sector is now 40% higher than the
wider UK manufacturing sector and is the
highest in Europe – UK aerospace productivity
is 20% higher than the aerospace sectors in
both France and Germany, for example.
But this across-the-board view hides
variation. Recent survey data from ONS
covering all manufacturing sectors in the UK,
highlighted by The Economist, showed a
strong correlation between a company’s
ownership structure and its level of
productivity. Family-owned and managed
businesses perform worse than all other
categories of business governance, in terms
of productivity, whereas non-family-owned and
managed businesses and multinationals

performed almost 50% better.
So, what are the qualities of these
ownership models that are driving the
difference, and what can be done to address
them, the ATI asks? Without further
investigation, it is difficult to be certain, the
organisation says, but one explanation is that
family businesses are usually motivated by
very different things – stability, lifestyle,
continuity of family ownership etc. Many
family-owned businesses perform highly
specialised roles and may lack the funding
required, or the competitive or investor
pressure to innovate and expand.
Another factor highlighted in the ONS data
concerns scale. For all firms, irrespective of
ownership and governance model, productivity
increases with size. This points to other
potential root-causes of low productivity
performance – economies of scale, ability to
reinvest and undertake R&D, etc.

Government commits to research support
Last November’s ATI conference was convened
to provide an update on the ATI strategy and
the £3.9 billion investment programme for
aerospace R&T. At the event, following the
launch of the Industrial Strategy White Paper,
Business Secretary Greg Clark announced
£53.7 million of funding for seven R&D
projects to grow innovation in the aerospace
sector, part of the government’s work with
industry through the Aerospace Growth
Partnership (AGP) to tackle barriers to growth,
boost exports and grow high value jobs.
That announcement built on the £923
million of government investment delivered
through the ATI programme, which, the
conference heard, has supported 196 projects

8

involving 208 different companies and
organisations. Establishing ATI in 2013,
government and industry made a joint
commitment to invest £3.9 billion in civil
aerospace R&D projects by 2026.
The projects announced by Clark were:
❐ The DRAMA (Digital Reconfigurable Additive
Manufacturing facilities for Aerospace) project,
led by the Manufacturing Technology Centre
(MTC, image above) with partners ATS Global,
Autodesk (https://is.gd/litoha), Granta
Design, Midlands Aerospace Alliance, National
Physics Laboratory, Renishaw (https://is.gd/
cicabu) and the University of Birmingham.
DRAMA will establish leading additive
manufacturing ‘test bed’ facilities for the
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Unfortunately, data on company ownership
and productivity cannot be isolated for
aerospace. However, it is possible to contrast
productivity by enterprise size within the UK
aerospace sector. This shows that productivity
at small- and medium-sized enterprises (SMEs)
is less than half of the sector average.
Some of this productivity gap could be
explained by the dynamics of family ownership,
as noted, but scale and nature of activity that
goes with it will also have a major influence.
This points back to a problem previously
highlighted by the ATI, that UK industry,
including aerospace, has a structural ‘missing
middle’; a lack of mid-size companies that are
expanding, competitive and challenging the
innovation frontiers.
Sir Charlie Mayfield’s 2016 productivity
review (https://is.gd/qedire) calls on
businesses to strive to be better. It identifies
leadership, management, measurement,
innovation, digitalisation and governance as
essential areas for improvement. For familyowned and small businesses, these are
challenging topics to embrace.
ATI is supporting small aerospace
businesses to invest in technological
aerospace industry and its supply chain at the
National Centre for Additive Manufacturing
(based at the MTC in Coventry) and the
Renishaw AM Solution Centre in Stone. The
project will also deliver the world’s first
digitally-twinned reconfigurable AM facility.
❐ The Power-Plant Integration with Platform
Systems (PIPS) programme headed by RollsRoyce will develop technologies in the UK to
enable greater integration between the powerplant and airframe, resulting in a lighter, more
fuel-efficient and environmentally-friendly
engine and aircraft of the future.
❐ The U-CAIR project, led by Honeywell is
developing cabin air sensor technology to
improve passengers’ cabin experience and
also deliver fuel savings.
❐ Rolls-Royce is to develop UltraFan (image,
right), an Ultra High Bypass Ratio (UHBR)
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innovation. In the past year, the organisation
has committed £8 million of grant funding to
the National Aerospace Technology and
Exploitation Programme (NATEP). It is also
funding over 100 SMEs through larger
collaborative projects, and plans are in place
to launch more funding competitions targeting
innovative small- and medium-size companies.
However, other aerospace supply chain
productivity improvement programmes focused
on leadership and management capabilities
are needed. Sharing in Growth (SiG) and 21st
Century Supply Chains (SC21) are aimed
precisely at these issues, but have now
exhausted their funding commitments. The
continuation of these initiatives is essential to
the addressing the UK’s productivity
challenges in advanced manufacturing.
As Peter Willis, the ATI’s senior economist,
puts it: “These statistics all highlight the
importance of investing in supply chains to
help improve productivity. The ATI will continue
to encourage technical-innovative SMEs to
participate in the UK Aerospace R&T [research
& technology] Programme, whether as partners
in strategic projects or in the NATEP
programme.” ■

HORIZONTAL /
VERTICAL LATHES
FOR ULTRA
PRECISION
TECHNOLOGY

geared architecture. This
provides a significant
improvement in propulsive
efficiency for the next
generation of aircraft.
❐ The Open Flight Deck
project, led by GE Aviation, will
be an open platform that
allows OEMs to work with a
range of suppliers to develop ‘apps’ for the
flight deck.
❐ The SMPP (Scalable Multi-Platform Power)
project led by Safran will establish MoreElectric Aircraft electrical systems
requirements for a range of aircraft types.
❐ The Zephyr Innovation Programme (ZIP) will
develop new cutting-edge component
technologies to support Airbus’s Zephyr High
Altitude Pseudo Satellite (HAPS).
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Perfecting production
EDM specialist with aerospace ambitions expands milling capacity with
Hurco 5-axis machines; part cycle times slashed with Hartford VMCs;
Seiki Systems supports drive for improvement; Aberlink Xtreme cuts
in-process inspection times; plus news of a well-organised facility

A

round 40% of RST Engineering’s
business is with aerospace firms,
involving wire-cut and die-sink electric
discharge machining (EDM) plus milling of
satellite communications components such
as waveguides and diplexers, plus some
second-tier work producing components such
as gimbals and joints for military aircraft.
Having late last year gained AS9100accreditation, it is looking to expand its
aerospace work, using Hurco machining
technology (https://is.gd/nuzeho), continuing
an investment theme established 20-odd
years ago and benefiting from Hurco
machines’ improving performance.
At that time all those years ago, the then
EDM subcontractor swapped from manual
milling of EDM electrodes, jigs and fixtures to
a manual-tool-change Hurco Hawk, due to the
ease of shopfloor programming on its twinscreen control system. And in 2002, having
proved itself, RST had no hesitation in
replacing that machine with an automatic-toolchange, 3-axis Hurco VM2 machining centre
equipped with a similar proprietary Ultimax
twin-screen control, as well as a fourth-axis
Nikken table (https://is.gd/asiceg).
Over the next decade, the subcontractor
milled and drilled more and more of its

customers’ components on the machine,
work that it was previously having to put out
to another firm. The VM2 is now dedicated
again to machining only electrodes, however,
and is sited in the EDM shop, alongside four
wire erosion machines, the same number of
die-sinkers and a pair of EDM hole drilling
machines.
In an adjacent unit, three additional Hurco
machining centres, a larger 3-axis machine
and two 5-axis models, have taken over
production of RST’s mainly aluminium,
stainless steel and titanium prismatic
components. All machines are fitted with
Hurco’s latest WinMax twin-screen control,
which provides much greater functionality for
conversational shopfloor programming and
even generates 3+2-axis cycles. The milling
side of the subcontractor’s business now
accounts for more than one-third of turnover.
Established in 1986 by Robert and Maureen
Taylor, RST is now run by their three sons,
Sean, Jason and Paul.
Says Jason Taylor: “Last December (2017),
we gained AS9100 aerospace quality
management accreditation and are looking to
expand in the sector by taking on long-term
commercial aircraft contracts, hopefully
building them to account for a quarter of our

Standardised storage
The upgrading of the Complex Fabrications
department at Rolls-Royce, Hucknall, has
brought together under one roof a number of
departments to create a world-class
manufacturing facility for the aerospace and
marine activities of the site.
A key element in ensuring that this new,
updated facility operated as efficiently as
possible was the introduction of standardised
storage for work-in-progress and also tools
for individual employees. Having worked with
System Store Solutions (https://is.gd/kisuqu)
on a previous project, manufacturing
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manager Chris Comery had little hesitation in
renewing that relationship.
“We spent time, as you would expect,
planning the layout of the Complex
Fabrications facility and part of that planning
was to standardise on storage. We had a
collection of old toolboxes and racking, which
was far from where we wanted to be, so the
opportunity to work with System Store
Solutions again, to deliver a fresh, efficient
workplace, was welcome.” The project
involved installation of workbenches, underbench storage for individual employee tools

March 2018 www.machinery.co.uk

@MachineryTweets

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
RST Engineering has expanded off the
back of Hurco machining technology
business in a few years’ time.”
The initiative had been in the company’s
sights for several years and so also was
relocation, which took place in August 2016 to
two new, 7,100 ft2 premises on the Young’s
Industrial Estate in Leighton Buzzard, two-anda-half times larger than its previous unit.
The move entailed a £300,000 investment
that included the purchase of a coordinate
measuring machine and a Hurco VMX60SRTi
5-axis machining centre of B-axis spindle
design and 1,524 by 660 by 610 mm capacity.
It joined a smaller 5-axis Hurco VMX30Ui of
swivelling trunnion design purchased two years
earlier and a larger 3-axis Hurco VM30i
installed the year before to cope with a wider
variety of component sizes.
In the previous factory, the VMX30Ui worked
alongside a similar VMX30U 5-axis machine
installed five years previously, in 2009, fitted
and equipment, racking for work in progress,
as well as cabinet storage for equipment
needed for machinery such as CNC press
brake tooling.
With the installation of the Fami storage
cabinets by System Store Solutions, the team
at Hucknall now have everything in its place
and readily to hand, making for improved
efficiency and housekeeping. And its success
has seen it extended to the supply chain for
the facility. Pattonair, a supplier of
consumable parts direct to the shopfloor at
Hucknall, has also invested in racking
provided by System Store Solutions. This has
been installed on-site at the Complex
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with older technology drives and control. Jason
Taylor was able to benchmark one 5-axis
model against the other and was astonished
at the improved performance of the more
modern machine. “Cycle times were
considerably reduced using the same program,
for instance when machining a shotgun trigger
guard, and the improvement in surface finish
was very apparent, especially when milling
surfaces and transitions.
“The gains were so great that it prompted us
to part-exchange the older 5-axis trunnion
model and buy the bigger B-axis machine,
which has similarly improved drives and control
system.”
And he concludes: “Together with our
trunnion-type 5-axis VMX30Ui and the other
3-axis Hurco, which also have 12,000 rpm
spindles, it places us in a good position to
enter the civil aerospace supply chain, now

• Machining of
simple/complex components

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
Fabrications facility and is making part
identification and stock management
simpler.
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that we have AS9100.”
At SMP (Sheet Metal Precision Ltd), a trio
of vertical machining centres from T W Ward
CNC Machinery (Ward CNC) is paying
dividends for the Hampshire-based specialist
supplier of custom manufacturing solutions.
“In one instance, our use of a new Hartford
Super HCMC 1892 vertical machining centre
(image, above – 1,800, 920, 820 mm; X, Y,
Z) has, for example, halved cycle times on an
aerospace part,” says general manager Jim
Livermore.
“The faster speeds and feeds of all these
new machines – purchased to complement a
large-capacity milling machine and an
overloaded pair of older vertical machining
centres – when coupled with the correct
tooling [Dormer indexable drills with
replaceable tips], has brought such dramatic
reductions in machining times on the 316
stainless steel workpieces,” he says.
Measuring approximately 500 mm diameter
by 30 mm thick, the ‘rings’ are produced in
batches of 20- to 30-off and are initially
turned before being set-up on the VMC.
Explains Livermore: “These parts used to
take between three to three-and-a-half hours
to machine, but are now completed in half the
time by the Hartford.”
The HCMC 1892 was supplied in 2016 as
a two-machine package along with a Hyundai
Wia F500 Plus vertical machining centre by
Ward CNC. “There isn’t much we can’t
produce from our 12,000 ft2 factory,” says
Livermore. “We needed extra capacity to
handle the wide variety of workpieces in the
large-to-mid size range, and we knew that the
latest machining technology would give us
faster cycle times benefitting from quicker
tool change times, which are critical to costeffective machining.
“We looked at the available alternatives
and, having previously received a Ward CNC
stock list, we were not only swayed by the
immediate availability of the machines, but
also by Ward CNC’s ability to offer high class,
well-built machines at a cost-effective price
that would meet our budget.
Turning from machines to the monitoring
of their performance as an aid to best exploit
their capacity and West Yorkshire-based
Produmax has an ambition to be “Engineering
Superheroes”.
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Having completed a relocation into a new
£3.1 million factory in early 2016, Produmax
then focused on optimising the flow of parts
with the help of the government-backed
Sharing in Growth aerospace supply chain
competitiveness programme. Operating cells
structured around key product groups was the
first step in reducing cycle times. The next
stage is to analyse machine downtime to
uncover further improvement opportunities.
The Seiki Systems (https://is.gd/fuhico)
manufacturing system was first introduced
when Produmax was operating out of two
factories in Yeadon and Otley. A two-phase
implementation saw the complete shopfloor
system, which included DNC, machine activity
monitoring and SFDC/WIP booking with
performance analysis (image, below),
installed to nine machines at the Yeadon
site. The original intention was to then roll-out
to the remaining 14 machines after moving to
the new single-site facility in Baildon, but the
company was already seeing the benefits and
decided to avoid delays and get both sites
connected.
Operations director Paul Birtles explains:
“The last few years have seen some
significant changes for Produmax and we’ve
embarked on a major process of business
transformation. Our philosophy is very much
about doing this every day in small,
achievable chunks as one team. The Seiki
system has been a key part of this, helping
us to drive changes with data and process
support. The fact that you could store all the
job information, monitor machine activities
and deliver prioritised electronic work queues
was attractive as we were moving to
paperless systems. Seiki was going to be the
driver behind it. It really turned us around,
giving us measures we’d never had before.”
He continues “One of the key selling
points of the Seiki system was that it is very
much machine centric. This really makes a
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Martin Aerospace is boosting machine
utilisation via shortened inspection times
difference when you’re working on continuous
improvement and lean initiatives. We’ve got a
good amount of machine activity data to work
on, having used the Seiki Monitoring to
capture non-productive times and reasons.
As the business develops, and with more
resources to manage, including the
introduction of unmanned machining,
understanding where our problems are
coming from is becoming more critical. With
the whole team focused on keeping the
spindles running, the machine operator’s
ability to feedback downtime reasons helps
us to work smarter and find even the smallest
opportunities for improvement.”
Designated ‘Seiki Guru’ Iain Evans, who is
responsible for extracting data from the
system and driving business improvement,
continues: “Being proactive about machine
downtime means that we have to work closely
with the production team to ensure the right
information is going into the system. As a
business, all our KPIs are based on
production data, so it’s essential that it’s as
accurate as it can be. As we start to
understand where our bottlenecks are,
whether that’s machine breakdowns or time
spent on non-machining resources – we’ve
recently extended the system into inspection,
assembly and blending – we will be able to
identify our next priority target for
improvement.”
Says Livermore: “Everyone has visibility of
how well they’ve done. It creates a friendly
rivalry between cells and naturally builds a
momentum to do better. Every machine also
has a prioritised work queue, which comes
from the Seiki integration to our Aventa MRP
system. It allows the operators to see what
jobs are due and overdue, alongside all their
production information, such as drawings and
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NC programs. We place a huge importance on
teamwork and the fact that the Seiki system
connects machines, people and processes in
this way is a major benefit.”
The most recent investment has been
Seiki’s graphical planning and scheduling
system. Offers Evans: “We used to do our
planning in Excel, exporting data from Aventa
into spreadsheets and using Macros to
analyse demand and progress, but it wasn’t a
particularly robust method. It didn’t really
allow us to run the queries and reports that
we needed. The Seiki Scheduler is much more
flexible, with built in analysis and reporting
features. It’s also much faster at processing
large numbers of operations. The fact that it’s
closely integrated with the other Seiki
shopfloor modules was a key factor. It really
helps us build a more complete picture of
future demand on each resource and what we
need to do to meet the customer due dates.”
At Martin Aerospace, a fillip has been
given to machine utilisation by improving inprocess inspection speed, with the novel
Aberlink Xtreme (https://is.gd/apilex) having
provided the solution to rapid shopfloor-based
inspection. Says quality manager Colin
Tonnar: “Now, rather that lose valuable
production time taking machined parts to our
inspection department and waiting for a CMM
to complete its current task, instant, accurate
CMM inspection results can now be achieved
close to the point of manufacture. This faster
feed-back enables machine adjustments to
be made when component dimensions drift
from nominal conditions.
“Another typical use for our new Xtreme
CMM is that our machine operators are now
able to place first-off machined components
on the new CMM’s bed, the relevant program
is then quickly selected and the start button
pressed. Following rapid and precise fully
automated CNC measuring routines, captured
inspection data is archived by our electronic
system. Paper documents with all relevant
information are also produced by the CMM for
inclusion in our machinists’ work folders.
“Having now installed a CNC CMM that is
able to deliver our required levels of precision
on our shopfloor, we have been able to
reduce the time between the machining of
components and the verification of their
dimensions. In addition to allowing the
quicker capture of data and increasing
machine tool productive times, the use of our
Aberlink Xtreme CMM has allowed our
inspection department’s CMMs to
concentrate on their important final inspection
duties.” ■
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A new Force for the
aerospace industry
The developer of VERICUT CNC simulation, veriﬁcation and
optimisation software, CGTech, ofﬁcially launched its ‘physicsbased’ toolpath optimisation module, VERICUT Force, in the UK
and EU through a series of informative and well-attended seminars
that attracted attendees from leading aerospace OEMs and their
tiered supply chains

F

orce is a software module within
VERICUT that uses a physics-based
optimisation method to determine
the maximum reliable feed rate for a
given cutting condition, based on four
factors: force on the cutter; spindle
power; maximum chip thickness; and
maximum allowable feed rate. It
calculates ideal feed rates by analysing
tool geometry and parameters, material
properties of the stock and cutting tool,
detailed cutting tool edge geometry, and
VERICUT cut-by-cut contact conditions.
With the material properties of the
component and the cutting conditions
also considered, Force determines the
optimum speeds for a machining
process and makes the CNC machine

The subject part for the Brno demonstration
was this partial blisk
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cut in the most efficient, fast and
reliable way. This provides significant
benefits when applied to any precision
machining operation where challenging
materials, such as titanium, high nickel
superalloys such as Hastelloy, Inconel
and Waspaloy, duplex and stainless
steel, and any work-hardening materials
are found – typically used in the
production of aero engines and aircraft
structural components.

PROVEN AT THE SPINDLE
To demonstrate the advantages of the
new software module, a number of halfday Force Roadshow seminars were held
in the UK during 2017, at KYOCERA SGS
Precision Tools EU Tech Hub,

Wokingham; the Advanced Forming
Research Centre, Scotland; Moyola
Precision Engineering, Northern Ireland;
Nikken, Rotherham (see https://is.gd/
ebiwek); and the Manufacturing
Technology Centre (MTC), Coventry.
As part of an ongoing technical
partnership formed between CGTech and
a number of advanced manufacturing
technology suppliers, the seminars were
developed to highlight potential
productivity and efficiency improvements
for existing customers, as well as any
new businesses that might gain a
competitive edge in global aerospace
markets. Presentations of the virtual
capability of Force were always
backed-up by actual cutting tests.
At KYOCERA SGS, this involved using
the Grob G350 5-axis machining centre
in the cutting tool company’s Technical
Centre. Here, the demonstration part
was cut from titanium 6AI 4V – a
material widely used in many aerospace
structural components, as well as
various other applications.
The part was developed by KYOCERA
SGS to reflect the challenges faced by
machine shops supporting the
aerospace sector, and typical machining
cycles were applied. The company’s
Z-Carb HPR 16 mm diameter cutting tool
with 1 mm corner radius was used for
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Mitsubishi Carbide Coolstar ballnose
cutter running at 1,751 rpm and a
feedrate of 840 mm/min. The workpiece
was then tilted to +4º and -4º to access
the blade surfaces for roughing using
the same tool and data. Semi-finishing
of the blade surfaces required 5-axis
machining using a Mitsubishi 8 mm
diameter tapered ballnose cutter with a
lead angle of 15º on the tool and a tilt
angle of 30º. Cutting data was increased
to 4,379 rpm at a feedrate of 1,400
mm/min.

FORCED OUT

Events have been held throughout
Europe to promote Force – here at
KYOCERA SGS

each demonstration. It was applied
alongside a Vero Edgecam Waveform
machining strategy at a spindle speed of
1,600 rpm and a feedrate of 400 mm/
min, with the data then reduced to
1,030 rpm and 288 mm/min for full slot
cutting.
Heavy profile cutting was carried out
at 1,303 rpm and 365 mm/min, while
the finishing cut was performed at 1,600
rpm and 600 mm/min. Finally, a drilling
operation using a 12 mm diameter IceCarb was run at 800 rpm at 30 mm/min.
Force excels in difficult-to-machine
materials, and especially complex multiaxis cuts such as 5-axis flank milling.
Applying the capabilities of Force to this
component reduced the machining cycle
time by 16%, with increased tool life and
a consistent chip thickness reducing the
load on the machine tool’s spindle and
structure.
Using the same specification titanium
material applied to a fan blade type
component developed by staff at the
Nikken Innovation Centre Europe, here
the demonstration was carried out on a
Bridgeport XR1000 machining centre
fitted with a Nikken 5AX-350 heavy-duty
tilting/rotary table.
Initial rough stock removal was
carried out in 3-axis mode for rigidity
using a six-flute 20 mm diameter
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Shown for the first time overseas in
January 2018, the physics-based Force
module grabbed centre stage at SECO’s
advanced Technical Centre facility in
Brno, Czech Republic. Here, live cutting
demonstrations of the software
enhanced machining cycles for hard
metals run on the company’s DMG Mori
DMU 60 eVo 5-axis machining centre to
highlight the benefits of Force in use on
the shopfloor.
Over 30 visitors from leading
advanced aerospace manufacturing and
technology companies based in the
Czech Republic attended the event,
organised by the technical staff from
CGTech’s country reseller, Axiom Tech.
Once again, the machining
demonstration reflected the typical
challenges faced by aerospace
companies, with a section of blisk (blade
on disk) produced from titanium the
subject part. A number of cutting tools
from a SECO programme were applied
with advanced machining strategies,
including plunge and high speed milling.

Across the blisk machining operation,
a time saving of around 19% was
achieved.
CGTech managing director Tony
Shrewsbury comments: “Force is
founded on the basics, it is easy to set
up and really easy to use. After
materials have been characterised, they
can also be applied to a broad range of
cutters and machines in other NC
machining operation.
“With these seminars, we really
wanted to demonstrate exactly what
Force can do and the benefits of using
it, including reduced development time,
shorter cycle times, less process
variation, longer machine life and
improved part quality. It can also prevent
tool breakage due to deflection.”
As a physics- and mathematics-based
modelling software, Force is designed to
optimise machining rates. It represents
the current apex of machining
optimisation, because the software uses
actual data for cutting tool forces and
spindle power readings to calculate
maximum chip thickness and feed rate.
So, it offers a number of technical
benefits for machined parts within the
aerospace industry, as well as other
demanding industrial sectors that use
advanced machining techniques.
He concludes: “Force provides the
opportunity for manufacturing
companies, not just in the aerospace
industry but also in motorsport, marine,
oil and gas, medical, power generation
and general precision engineering, to
improve their productivity and
effectiveness. The result – a significant
competitive advantage.” ■

Force evens out various parameters across a machining path
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AEROSPACE SUPPLEMENT
ADDITIVE MANUFACTURE OF FIXTURING & TOOLING

Additive
subtracts
delays

HORIZONTAL /
VERTICAL LATHES
FOR ULTRA
PRECISION
TECHNOLOGY

A machine like this is supporting Moog,
shaving weeks off CMM ﬁxture manufacture

Additively-manufactured plastic parts can offer beneﬁts to aerospace
ﬁrms in support of the manufacture of both metal and rubber parts, as
two examples here demonstrate, while we report on two deep AM
material knowledge initiatives of interest to aerospace ﬁrms

A

major defence manufacturer has
become the latest beneficiary of the
huge time and money savings
delivered by 3D-printing technology.
Moog Aircraft Group, Wolverhampton,
traditionally outsourced the manufacture of
co-ordinate measuring machine (CMM)
fixtures, which were typically made in steel.
It identified 3D printing as the best
solution and turned to Stratasys partner SYS
Systems (https://is.gd/kucoli). The Fortus
380mc was selected for the job, a system
that uses fused deposition modelling (FDM)

technology to create parts quickly, using
thermoplastics. The result is that lead times
for CMM fixtures at Moog have been cut from
more than a month to just hours.
James Stuart-Young, manufacturing
engineering manager (Military Value stream)
at the Wolverhampton site explains: “The
outsourcing process always had a lead time
of four to six weeks from drawing release to
receipt of a finished fixture.
“Following a cost-versus-benefit analysis,
we evaluated ways to produce these fixtures
in-house via a cost-effective method that

AM requires deep material understanding
■ Stratasys is collaborating with ‘e-Xstream
engineering’, a wholly owned subsidiary of
MSC Software (owned by Sweden’s Hexagon
AB), a world leader in multi-scale modelling
of composite materials and structures, to
deliver high performance process modelling
and structural analysis numerical tools for
Stratasys AM solutions.
Announced in November 2017, central to
the collaboration is the objective of
developing predictive simulation solutions for
Stratasys’ Fused Deposition Modelling (FDM)
technology to enable the production of parts
The Settling Rooms, Springfield Street.
MARKET HARBOROUGH. Leicestershire LE16 8BD
Tel No. 01858 467182
e-mail: simon@kyalmachinetools.co.uk
www.kyalmachinetools.co.uk
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having tighter tolerance, higher performance
characteristics. This will be achieved in
conjunction with e-Xstream engineering’s
standalone material modelling platform,
Digimat.
The next release of e-Xstream’s material
modelling platform, Digimat, was due to
deliver the first material models of ULTEM
9085 resin with a complete process package
for the Stratasys Fortus 900mc production
3D printer. ULTEM 9085 is a strong,
lightweight thermoplastic that meets
aerospace requirements.
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would reduce planned lead times. 3D printing
was chosen as the preferred method of
manufacture, due to the speed of production
and low piece-part costs.”
Says Rob Thompson, sales manager at SYS
Systems: “Engineers from Moog attended an
Open House at our facility near Derby. As a
result of the meeting, we offered to print an
aircraft valve body, a 30-hour print, simply to
show the capabilities of Stratasys Fortus FDM
machines.
“Through our 3D-printing knowledge, as well
as the CMM expertise of our sister division
OGP UK, we were able to help Moog optimise
the printing of their fixtures.”
SYS also called upon its in-house expertise
to deliver advanced training to the team at
Wolverhampton to maximise the benefits of
the Fortus 380.
Says Stuart-Young: “The ability to produce
in house has put us back in control of
prioritising production to suit the demands of
the customer programme. Build times vary,
due to the range of parts we are printing, but
for the CMM fixtures it is approximately 20
hours. Fixtures that have cost us in excess of
£2,000 in the past can now be made for a
couple of hundred pounds.
“The ability to try a design idea, test it and
redesign it accordingly in a matter of hours,
rather than weeks, has seen us improve
workholding and reduce the occurrence of
manual handling damage throughout the
production processes.”
In similar vein, Icon Aerospace Technology
is able to 3D-print vital tooling 50% faster than
before, now that it has adopted the additive
manufacturing (AM) technology. But the
catalyst in this case was a Knowledge Transfer
Partnership (KTP) with the University of Derby,
which started in 2015. This saw the

University’s Dr Farhan Khan undertake a
sponsored research fellowship within the
business, focused on product and process
development.
Working with Dr Khan, Icon’s team spent
months analysing the path of thermal
conductivity within different materials,
understanding thermal management within the
mould and the chemical properties of various
materials. With this knowledge, the business
can successfully utilise 3D-printing technology
to develop other production tools. This
flexibility is giving Icon the ability to rapidly
produce and prototype new products before
production to maximise performance and
minimise cost, both for itself and customers.
The firm can now 3D-print mould tools
(technology not revealed), which speeds up the
production of its range of high quality polymer
fire seals, used within aircraft engine and pylon
environments. The technology also enables
locally controlled thermal capability, making the
moulds superior to traditional ones. For Icon,
this means that it has significantly reduced the
time to market of its products, slashing the
time it takes to develop these moulds from six
weeks to just one.
Explains Dan Bailey, commercial director of
Icon Aerospace Technology: “Our fire seals are
installed between two moving surfaces within
an aircraft. As such, if one of these surfaces
does not interface with the seal as anticipated,
the seal design must be recalculated to enable
optimum performance. The ability to rapidly
produce seal prototypes allows us to respond
to design changes more quickly, and reproduce
seals according to individual designs. This has
significant benefits to our customers in lead
time reduction, a lower initial capital
investment and enhanced cashflow at a period
of low rate initial production.” ■

■ The UK’s LPW Technology (https://is.gd/uguvac), a manufacturer, developer and processor of
metal powders and end-to-end solutions for AM, has released the first module of its new case
study series, ‘Powder degradation in serial production’. ‘Metal powder reuse regimes and impact
on part reproducibility’ (https://is.gd/
Heat-affected powder
yotiju) is the introduction to a detailed
Powder bordering part lies in
‘heat-affected zone (HAZ)
investigation conducted into the
degradation of titanium and nickel
Heat-affected powder can
pick up both O and N
during repeated use, discussing the
concerns and leading into a detailed
impact assessment. The absolute
impact of serial production on Inconel
718 and Ti6Al4V is revealed, and a new
metric for the measurement of metal
Higher part-powder ratio =
Low part-powder ratio
High part surface area =
larger area of HAZ
larger area of HAZ
powder degradation created.
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