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Introduction

“It is incredible to think that,
when the jet engine was
barely a month old and no
one, other than Alcock and
Brown, had flown the
Atlantic, plans were being
made for a supersonic jet that
would regularly take 100
passengers on that journey,
at twice the speed of sound.”

It was, as David Rowland, the
former captain and manager of
BA’s Concorde fleet told
NAMTEC’s annual conference,
an immense leap of imagination
and an incredible leap of faith.
With economic growth still
fragile, we need a similar
commitment from business,
government and the country at
large to invest in manufacturing’s
future by seizing opportunities to
become more competitive.
Just what type of opportunities
are available became clear at
both our conference and the
annual Advanced Manufacturing
Research Centre partner
conference – also covered in this
latest issue of the Quarterly
Journal.
As you can see from the reports,
it isn’t just new technologies that
offer those opportunities.
Advances continue to be made
in established technologies and
there are also advantages to be
had from manufacturers
combining old and new
technologies.
From a government point of
view, entrepreneur Hermann
Hauser’s report on the
multimillion pound creation of a
network of Catapult Centres has
shown how collaboration
between research and industry
can pay dividends and provides

Leap of faith led to transatlantic time machine that has
never been bettered p17

justification for further investment
in expanding the Catapult
network.
But investment in UK
manufacturing’s future cannot
end there.
We have to invest in people as
well as future technologies. The
creation of a new national
college for advanced
manufacturing, announced by
Business Secretary Dr Vince
Cable, is a welcome step down
that road.
Hopefully, it will meet advanced
manufacturing’s need for the
apprentices who will become the
skilled workforce of the future.
However, we cannot stop there.
As a country we need to invest in
developing talent at all levels of
industry and demonstrating that
engineering is a career that the
most talented individuals can
aspire to follow.

Dr. James Hughes
Director AMRC-NAMTEC
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General News

LBBC Technologies
new facility
officially opened
Leading autoclave manufacturer LBBC
Technologies’ new manufacturing
facility has been officially opened by
Adrian Allen OBE, commercial
director of the AMRC with Boeing
Mr Allen said: “I’m honoured to
be part of this day for such a
prestigious world leading
manufacturer at the forefront of
developing new technologies,
investing in the future of process
knowledge and skills."
Leeds-based LBBC has invested
£1.5 million in the new facility,
including a £130,000 grant from
Leeds City Region Local
Enterprise Partnership’s
business growth programme.

“Leeds-based
LBBC has invested
£1.5 million in the
new facility”

Managing
director
Howard Pickard
said "This new facility is just
fantastic for us and is a major
investment in the future of the
business enabling us to continue
to grow, develop new
technologies and expand further
into new markets."
LBBC can trace its history back
to 1876, beginning life as the
Leeds and Bradford Boiler
Company. Howard and Robert

Pickard are the fifth generation of
the Pickard family to run the
company.
In addition to being used in the
composites sector, LBBC
Technologies products are used
in investment casting and
pressure containment.Guests at
the official opening got the

AMRC Commercial Director Adrian Allen OBE
(centre) opens LBBC Technologies’ new
manufacturing facility, with LBBC director
Robert Pickard, left, and managing director
Howard Pickard.

chance to see the extensive
research and development work
LBBC is carrying out with
organisations such as
Rolls-Royce.

Chemicals group seeks to become
biggest UK shale gas player
Chemicals group INEOS has unveiled plans
to become the biggest player in the UK’s
shale gas industry.
The company is planning to
invest $1 billion (£640 million) in
UK shale gas exploration and
appraisal.
The vast majority of the INEOS
bids for Petroleum Exploration
and Development licences
(PEDLs) are in Scotland and the
North of England, in areas with
either a mining or an industrial
heritage. INEOS has said it will
give local communities 6 per
cent of any revenues generated.
Chairman, Jim Ratcliffe, said:
“I want INEOS to be the biggest

player in the UK shale
gas industry.
“I believe shale gas
could revolutionise UK
manufacturing and I
know INEOS has the
resources to make it
happen, the skills to
extract the gas safely
and the vision to realise
that everyone must
share in the rewards”

shale licences in Scotland
comprising over 120,000
acres, in addition to investing
a further £400 million in an
ambitious project to bring US
shale gas to Grangemouth.
The company currently
imports shale gas from the
USA for use as a fuel and
feedstock for its chemicals
operations.
Gary Haywood, chief
executive of INEOS
Upstream, says the
company’s knowledge

“I believe
shale gas could
revolutionise UK
manufacturing”

and experience in running
complex petrochemical facilities,
coupled with the world class sub
surface expertise it has recently
added to its team, meant it could
safely operate shale gas
facilities.

INEOS already
owns two
substantial

E-mail: info@namtec.co.uk

Tel: +44 (0)114 222 4786

www.namtec.co.uk
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General News

World Steel Association
reports boom in the
creation of new steels
More than 75 per cent of the steels in use today did not
exist 20 years ago and 60 per cent of the steel grades
used to manufacture automobiles today were introduced
in the last 10 years.
According to the latest
Sustainable Steel report from the
World Steel Association
(Worldsteel), investing in the
development of high strength
steels reduces the amount of raw
materials required – a process

known as dematerialisation – and
will increase options for reuse.
Worldsteel says there has been a
steady increase in investment in
new processes and products
since 2003. Member companies
invested 8.6 per cent of revenue in

by-products, which meant that
very little waste went to landfill.

new processes and products, on
average, during 2013, down from
around 10 per cent in 2012, but up
from 6 per cent in 2003.
Worldsteel members reported that
96 per cent of the raw materials
used on-site to make crude steel
were converted to products and

The organisation says the sale of
by-products is economically
sustainable, generates revenues
for steel producers and forms the
base of a lucrative worldwide
industry, with some companies
reporting a by-products utilisation
and recycling rate as high as 99
per cent.

Bentley unveils new investment
and plans to create 300 new jobs
LUXURY car manufacturer Bentley Motors is investing £40 million in expanding its headquarters
in Crewe, opening in a new research and development centre and creating 300 jobs.
key to continuing our success."
Last year, Bentley delivered 10,120
cars - more than ever before. The
company expects to break that
figure in 2014.
Work on the new developments will
start early next year. The new
centre, measuring over 45,000m²,
will include a dedicated styling
studio, research and development
offices and a technical workshop.

The investment was welcomed by
Chancellor George Osborne during
a visit to Bentley’s plant.

Above: George Osborne Chancellor of the Exchequer visits Bentley Below: Bentley site at Crewe

The facilities will house 1,300
Bentley engineers and their creation
is the latest step in Bentley’s plans
to bring the world’s first ultra-luxury
SUV to roads in 2016.
Bentley, which is part of the
Volkswagen Group, says the 300
jobs are being created within its
engineering, manufacturing, quality,
sales, marketing and project
management operations.
The company has now announced
the creation of more than 950 jobs
in the past 18 months, during which
time the business, which, exports
around 90 per cent of its products,
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has produced record sales.
Including the latest announcement,
the company has committed to
investing £840 million in product
and facility development, over three
years.
Wolfgang Dürheimer, chairman and
chief executive of Bentley Motors,
said: "With Bentley's new research

The National Metals Technology Centre
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and development centre, we will
develop a new generation of
Bentleys, which will continue our
commitment of luxury, performance,
quality and engineering excellence.
“Bentley is the number one luxury
car manufacturer in the world and
driving more investment into our
headquarters and attracting talent is

He said: "Bentley is an iconic British
Brand that exports around the
world. Their decision to create
another 300 jobs in R&D on a new
site providing close to 1,000 new
jobs is fantastic news for Crewe and
for Britain.
"These highly skilled jobs in this
export industry are exactly the kind
of opportunities we want to see
created, which is why in yesterday’s
Autumn Statement I provided
further incentives for R&D in the UK.
“The investment will not only create
jobs at Bentley, but support many
more through suppliers across the
UK. I want Britain to be a country
where companies want to invest
and create jobs."

General News

Avingtrans’ aerospace division
signs 10 year Airbus deal
AEROSPACE, energy and medical sector components manufacturer
Avingtrans has signed a 10 year agreement worth around £25 million
to supply fabricated assemblies to the Airbus A350 programme.
Avingtrans’ aerospace division, Sigma Components, will be the
sole supplier of the component to Airbus’s PFW Aerospace
and will result in Sigma investing in additional
manufacturing capabilities at its facility in Farnborough.

Mark Johnson, managing
director of Avingtrans’ Aerospace
Division said: “We are really
pleased with the ongoing
development of our relationship
with PFW, a customer that offers
significant potential for Sigma.
“As well as being our first major
deal for an Airbus aircraft, it is
also the fifth major long term
agreement that Sigma has
signed with an increasingly

diverse customer base in the last
24 months, having a total value
of over £200 million.”
News of the deal follows not long
after Avingtrans announced that
is was restructuring its
aerospace operations, closing its
Derby site and moving its
operations to Swadlincote and
reorganising its Buckingham
composites operation.
The company said: “While the

“Our first
major deal
for an Airbus
aircraft”

market for our aerospace
products and services remains
buoyant, including increased
activity with several existing and
prospective aerospace
customers, significant
restructuring by one of the
company's key customers is
affecting short term demand in
our aerospace division.”
At the same time, the company
announced the closure of its

Maloney Metalcraft operation in
the West Midlands.
Maloney designs and makes
upstream equipment for the
petroleum production and gas
processing sector and was
acquired by Avingtrans last year.
Delays in investment decisions,
caused by a steep decline in the
oil price were partially to blame
for the closure decision.

UK aerospace industry ramps up production as

orders reach record level
Aircraft and aero engine
deliveries rose by seven
percent during the first half of
2014, compared with the same
period last year and were
worth around $17 billion (£10
billion) to the UK economy.

Figures produced by aerospace
trade organisation ADS Group
also showed there was a record
monthly backlog of 11,500 aircraft
- equivalent to around nine years
work.

ADS says the backlog provides a
stable foundation for the UK
aerospace sector to continue to
build its success as the European
market leader. Chief executive
Paul Everitt said: “The data from
the first half of 2014 confirms the
positive outlook for UK aerospace.
“Industry is working hard to
increase output and meet the
rising demand and expectations
of customers. Industry and
government are also continuing
their close partnership through the
Aerospace Growth Partnership to
encourage increased investment
in skills, technology and the
supply chain.”
A record number of orders and
commitments were made at the
Farnborough International

Airshow, reflecting the buoyancy
of the market and the continued
growth in passenger air traffic.
ADS says more than 29,000 new
large civil airliners, 24,000
business jets, 5,800 regional
aircraft and 40,000 helicopters will
be required by 2032.
E-mail: info@namtec.co.uk

It adds that the UK specialises in
the development and manufacture
of some of the most complicated
and high tech parts of modern
aircraft, so this requirement
means a potential market share of
around $600 billion for the UK.

Tel: +44 (0)114 222 4786

www.namtec.co.uk
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Member News

Royal launch for
pioneering centre that
bridges the engineering
skills gap

HRH the Duke of York has
praised the commitment of
apprentices and trainers at
the AMRC’s pioneering
Training Centre.
Opening the centre, the Duke of
York told apprentices, staff and
guests: “I’m blown away by the
commitment of everybody here to
what is the future.”
The Duke is an active supporter of
expanding access to
apprenticeships and had the
opportunity to meet some of the
centre’s trainees, their employers
and Training Centre staff during
his visit.
He also saw how the AMRC
Training Centre combines state-ofthe-art educational facilities with
training workshops, equipped with
production-class manufacturing
equipment.
The vice-chancellor of The
University of Sheffield Professor
Sir Keith Burnett said: " His Royal
Highness has supported the work
of our engineers and member
companies every step of the way,
and we know he takes real
personal satisfaction in seeing
how our research is being applied
within UK companies, helping
them to compete even more
effectively for business around the
world.
Training Centre director of training,
Alison Bettac, added: “We believe
we have been able to show the
Duke the blueprint for developing
the high-quality vocational
education and skills British
manufacturing desperately needs
and a route into further and higher
education for young people who
might otherwise never consider, or
be able to afford going to
university.”
Newburgh Engineering chairman,
Vince Middleton praised the
AMRC Training Centre for turning
something employers had
dreamed of into reality.
“It is amazing how critical and
important the Training Centre is,”
said Mr Middleton.
Apprentice Mark Innes added:
“There is nothing to compare with
the Training Centre,” he said.
“The training it provides and the
equipment is possibly the best
you can get in the country.

“If you have got an
apprenticeship, your are
employed straight off, rather
than going direct to university
and then struggling to find a
job. The Training Centre gives
you a working understanding
of how industry and
engineering works as a
whole, so that when you go
to university you already
understand the practice.”

Above: HRH the Duke of York Opening the AMRC Training Centre and enjoying a guided tour
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Award winning
AMRC Training Centre

secures vote of confidence

Business Secretary
Dr Vince Cable has unveiled
plans for a new National
College for Advanced
Manufacturing, jointly
headquartered at the
AMRC’s award-winning
Training Centre in South
Yorkshire and in Coventry.
Dr Cable made the
announcement during a visit to the
AMRC Training Centre’s facilities
where he also revealed the centre
has secured National College
status.
He said: "Economic growth is
underpinned by technological
innovation, a strong
manufacturing sector and
scientific excellence. The UK can
no longer afford to lag behind
countries like France and
Germany, which have invested
heavily in technical skills at the
highest level for generations.

“Economic
growth is
underpinned by
technological
innovation and a
strong manufacturing
sector”
Dr Vince Cable visiting the AMRC Training Centre

Manufacturing, which will be
based at several hubs around the
country and will aim to identify the
needs of industry and develop
training provision to meet those
needs.

“This new facility puts Sheffield
and its surrounding areas at the
heart of our nationwide drive to
create the high-wage, high-skilled
jobs of the future. It will give
young people the opportunity to
access the best industry-led
training as well as help local firms
attract the talent they need to
grow their business."

The work of the AMRC Training
Centre was recently commended
in a new report, showing how
universities and employers are
joining forces to create a new
generation of highly skilled
employees.

The announcement means the
AMRC Training Centre will become
a key part of the UK’s new
National College for Advanced

The report, ‘Forging Futures:
Building higher level skills through
university and employer
collaboration’, has been published

by Universities UK and the UK
Commission for Employment and
Skills (UKCES).
It examines how employers and
universities are working together
to help young people train for and
secure highly skilled jobs crucial
to the UK’s economic future.
The report says: “The AMRC
Training Centre has experienced
great success because it has
focused on creating innovative
solutions to what can be complex
customer requirements,
particularly in the advanced
manufacturing sector.”

AMRC Training Centre in Rotherham

E-mail: info@namtec.co.uk

In addition, the achievements of
the AMRC Training Centre were
further recognised by winning the
prestigious Widening Participation
Initiative award at the Times
Higher Education (THE) Awards
2014.
The Widening Participation
Initiative award reflects the
exceptional achievements of the
first full annual cohort of 250
advanced apprentices employed
by high value manufacturing
companies within the purpose
built state-of-the-art Training
Centre.

The AMRC Training Centre receiving their THE Award 2014

Tel: +44 (0)114 222 4786

www.namtec.co.uk
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Advanced manufacturing research
is transforming business

“The report
also highlights the
pioneering work of the
AMRC on developing
high-quality technical
education and
skills.”

says Government report
Technological advances
involving researchers from
the University of Sheffield are
highlighted in a new report on
how universities can help
stimulate business
development and economic
growth.
The report has been written by
entrepreneur Hermann Hauser and
published by the Department of
Business, Industry and Skills.
It looks at what has happened
since the UK invested £200 million
in creating a network of ‘Catapult
Centres,’ to drive the growth of the
manufacturing sector.
Each Catapult brings together
leading research organisations to
help companies of all sizes
develop new technologies and
turn them into commercial reality.
One of the most advanced
centres is the High Value
Manufacturing Catapult, made up
of seven separate research
organisations, including the AMRC
and the Nuclear AMRC.

Catapult successes cited in the
report includes work involving
Sheffield-based cutting tool
manufacturer Technicut,
tool-holding specialist Nikken
Kosakusho and both the AMRC
and Nuclear AMRC.
The collaboration led to the
creation of a record-breaking, new
tooling system
that allows
machine tools
to remove metal
from
components
faster.
As a result,
Technicut has
won new orders
from around the
world for the system and
increased its workforce, while
Nikken is investing in a new
European Research and
Development Centre next to the
AMRC, on the Advanced
Manufacturing Park in Catcliffe.
According to the report, this and
other examples highlight the High

Value
Manufacturing
Catapult’s
“ability to
increase the
scale, speed
and scope of commercialisation,
and to anchor jobs and
investment in the UK that would
be otherwise lost overseas."
The report also highlights the
pioneering work of the AMRC on
developing high-quality technical
education and skills.

Training Centre as one example of
the way the Catapult centres are
"developing a cadre of
technologists and engineers with
cross-sector design and
manufacturing skills focused on
the management and delivery of
innovation."
The report goes on to call for
greater investment in UK research
and development, with the aim of
creating 30 CATAPULT centres
across the UK by 2030.

It cites the success of the AMRC

AMRC engineers reach new heights with
pioneering ‘flying wing’ project
High-flying engineers from the
AMRC have unveiled new
developments that push the
boundaries of design and
rapid manufacturing
technology at a top US
aerospace conference.

Members of the team were recently
invited to speak about the UAV
project at a leading aerospace
manufacturing conference in Salt
Lake City, organised by SAE, the
global association for technical
experts from the aerospace,

The team, from the Design and
Prototyping Group, gained
worldwide publicity when they used
their expertise to develop an
Unmanned Aerial Vehicle (UAV).

The National Metals Technology Centre

Senior design engineer Dr. Garth
Nicholson said: “We launched the
project to showcase the Design
and Prototyping Group’s skills and
technological capabilities –

particularly when it comes to
helping small and medium-sized
manufacturers develop new
products and move into new
markets.
“It has been a success at all levels
and has pushed the limits of design
for Rapid Manufacturing (RM),
turning theory into reality.”
Making the original glider involved
developing new techniques that
rapidly reduced the time, the
amount of materials and the cost of
manufacturing components using
3D printing technology.

Now, they have taken another step
forward, developing their original
design to create a UAV powered by
electric ducted fan engines, which
can be seen flying on the AMRC
YouTube channel.
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automotive and commercial vehicle
sectors.

Creating the powered UAV has
involved further advances.
The team succeeded in making the
Quarterly Journal

Member News
The Red Arrows’ 50th season
as one of the world’s premier
aerobatic teams has been
marked by the AMRC.
AMRC’s Composites Centre
staff Conrad Sdao, Craig Atkins,
Paul Rigden and Phil Greenway
used their skills to make a
scaled down replica of the tailfin
of one of the BAE Systems,
Rolls-Royce-powered, Hawk T1
jets, which the Royal Air Force
aerobatic team flies.
The fin is resplendent with the
design created especially this
year to mark the 50-season
milestone of the team, renowned
for its trademark combination of
close formations and precision
flying.
It was presented to engineers
from the Red Arrows during a
visit they paid to the AMRC’s
facilities at Catcliffe, Rotherham.
The replica fin will go on display
at the Red Arrows’ home base at
RAF Scampton in Lincolnshire
and is also likely to be used to
promote Science, Technology,
Engineering and Maths (STEM)
subjects to pupils.

involved many different parts of
the organisation.
Squadron Leader Raja said:
“The hi-tech, precision work of
the Royal Air Force and the Red
Arrows demonstrates not only
the importance of STEM
subjects but also the huge
variety of roles and careers in
which they form a vital part.”
“The replica tailfin looks
fantastic and is a great reminder
of our highly-successful,
milestone, 2014 season and the
thousands of wonderful
performances given by the Red
Arrows, around the world, over
the years.

Advanced Manufacturing
Research Centre
presentation marks

Red Arrows’
50th anniversary

Pictured with the replica
tail fin are (l-r)
Cpl Mick Maw, Squadron
Leader Haroon Raja,
AMRC Composites Centre
development engineer
Craig Atkins, AMRC
commercial director
Adrian Allen OBE,
Sgt Arthur Buckton,
Sgt Steve Forrest and
Cpl Glyn Wilkinson, with
AMRC staff who helped
to create the fin.

Its AMRC creators hope pupils
will be intrigued by how the
unique replica’s creation

central
body of the
UAV,
complete with
the twin engine
ducts and complex
internal features, as a

single, printed part, showing how
using RM technology can avoid the
need to make many different
components that then have to be
assembled.
Team members developed new
techniques for making carbon fibre

components and used 3D printing
to make component jigs, fixtures
and moulds, as well as parts of the
UAV’s airframe.
They also improved pitch control by
creating a moveable “Duck Tail”
that uses concepts similar to those
recently used in Formula One
racing to harness the air leaving the
UAV’s engines for aerodynamic
effect
Last, but not least, they designed a
launch catapult, including parts
made by RM technology, which can
propel the UAV into the air with an
acceleration up to three times that
of gravity and a speed of just under
30 miles an hour.

Members of the AMRC Design and Prototyping Group UAV team, left to right Sam Bull, Mark Cocking,
Keith Colton, Daniel Tomlinson, John Mann and Dr Garth Nicholson.

Having developed a UAV, capable
of cruising at around 45 miles an
hour, the team’s next challenge will
be to replace the electric ducted
fans with miniature gas turbine
engines and double the UAV’s
wingspan to three metres.
E-mail: info@namtec.co.uk

For more information and to
download a case study on the
project visit the AMRC web site:
www.amrc.co.uk

Tel: +44 (0)114 222 4786

www.namtec.co.uk

9

Features

AMRC-NAMTEC Annual
Advances in new
& old technologies
offer manufacturing
opportunities to be
more competitive
Cutting the volume of material, the amount of
machining and the time it takes to carry it out have
been dominant topics in manufacturing in recent years.
Net shape processing and additive manufacturing are
seen as two key techniques for achieving that and
many companies around the world are investing
heavily in both technologies.
But, are those techniques everything people say they
will be or are there limitations?
That was the question posed by NAMTEC Centre
director Dr James Hughes when he opened the 2014
AMRC-NAMTEC Annual Conference, “Discovering the
possibilities of Net Shape Manufacturing.”
Around 110 delegates attended the conference,
exhibition and associated dinner, held at the Queens
Hotel in Leeds.
They heard speakers from industry – including Boeing,
Carpenter Technology Corporation and Sheffield
Forgemasters…
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NAMTEC director Dr James Hughes welcomes delegates
to the organisation's 2014 conference
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Cost is king

as aircraft manufacturers favour
common components and
established materials
The move from metals to composites and the development
of new proprietary materials is slowing down as aircraft
manufacturers focus increasingly on cost savings throughout
the construction process.
The move from metals to
composites and the development
of new proprietary materials is
slowing down as aircraft
manufacturers focus increasingly
on cost savings throughout the
construction process.
According to Dr Paul Edwards,
senior manager of metallic
materials and processes
engineering at Boeing Research
and Technology in Washington,
aircraft manufacturers are now
less focused on reducing weight
and fuel burn.
Speaking at the NAMTEC
Conference, Dr Edwards said this
was leading to an increase in the
development of common parts
and the re-use of parts in different
models of aeroplane in the same
series, as engineers sought to
avoid cost by minimising
changes. After increasing the
number of new proprietary alloys
being used in aircraft for a

number of years, manufacturers
were now reversing the trend and
reverting to commodity products
in order to reduce costs.
Where new materials were being
introduced, it tended to be as a
result of customer demand, said
Dr Edwards, quoting the
introduction of new, corrosion
resistant alloys and new
aluminium alloys that will reduce
fuselage weight by 10 per cent as
examples.
There was also a trend towards

using more monolithic, machined
parts to avoid the cost of having
to assemble the part from smaller
components. Tonnes of metal
might be being “thrown away” in
the process, but the business
case closed the issue.
Dr Edwards said claims in
previous years that aluminium
was ‘dying’ and being replaced
by composites had not proved
true. Instead, materials were
being used where they were most
appropriate. Designers of the next
generation of aircraft were looking
at magnesium for weight
reduction, alloys designed for
additive manufacturing and
tailored aluminium alloys to

Friction stir welding

E-mail: info@namtec.co.uk

Dr Paul Edwards, senior manager
of metallic materials and processes
engineering at Boeing Research and
Technology in Washington, speaking
at the 2014 NAMTEC Conference.

increase weldability using Friction
Stir Welding (FSW), which was
being considered for fuselages
and wings.
If new technologies were to be
used to construct the next
generation of aircraft, they would
need to be at TRL9 - system
proven through successful
mission operations - by 2019.

Boeing 787 Section 41 final assembly

Tel: +44 (0)114 222 4786

www.namtec.co.uk
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Simulation, modelling and
scanning aid breakthrough
in nuclear forging capabilities
Computer simulation, process modelling and laser
scanning have helped Sheffield Forgemasters
International to achieve a breakthrough in
manufacturing large scale, safety critical components
for the civil nuclear industry.
Speaking at the AMRC-NAMTEC
conference, Professor Jesus
Talamantes-Silva explained how
the company had become the
first in the world to be able to
extrude nozzles on near net
shape domes up to five metres in
diameter.
Prof Talamantes-Silva, managing
director of Sheffield Forgemasters
International’s research and
development subsidiary, RD26,
said nuclear forgings often
needed nozzles to connect to
piping.
Previously, nozzles had to be
welded onto the
forging, but
extrusion,
using

“For us,
process
modelling is a
necessity”

12

localised heat offered massive
benefits. Extruding the nozzle
reduced yield and segregation
and eliminated the need for the
“through hole” required when
welding. It also resulted in a more
flexible process, which produced
a near net shape product that
needed less material removing.
Computer simulation and process
modelling had been vital when it
came to ensuring the full scale
trials needed to prove the
technique would be successful
and to ensuring all the data
required to support safety
approval was there.
Meanwhile, a project, backed by
the UK’s innovation agency,
Innovate UK, had resulted in the
development of an in-plant laser
scanning capability that allowed

The National Metals Technology Centre

Quarterly Journal

Professor Jesus Talamantes-Silva, Sheffield Forgemasters International's group research and development
director, speaking at the 2014 AMRC-NAMTEC Conference

the shape of a large scale
component to be rapidly
assessed and any necessary
corrections made immediately.

Process modelling had helped
Forgemasters to improve its near
net shape manufacturing
capabilities.

Prof Talamantes-Silva said
computer simulation helped to
ensure realistic process modelling
for the creation of expensive
nuclear components, which could
take anything up to two weeks to
complete. “For us, process
modelling is a necessity.”

Near net shape manufacturing
was something that the company
was doing on a daily basis and
the benefits it offered through
improved mechanical properties
helped the company to compete
with places like China, where
labour was cheaper and prices
were low.
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New opportunities

open up for powder metal
based technologies.
Unique opportunities are opening up in the market for additive
technologies involving powder metallurgy, Hot Isostatic Pressing (HIP)
and Metal Injection Moulding (MIM) technologies, according to
Dr Tim Armstrong.
The vice president for research
and product commercialisation at
Carpenter Technology
Corporation told the conference
that some of these opportunities
would rely on companies’ abilities
to source ‘clean’ powders.
That meant producing powders
under vacuum, rather than in air,
so that they have a lower oxygen
content.
Powders would also need higher
surface quality, defined particle
sizes and guaranteed flow rates,
particularly if they were to be used
in aerospace, said Dr Armstrong,
whose company develops,
manufactures and distributes
stainless steels and specialty
alloys in cast, wrought and
powder form.
The greatest fear in aerospace is
that parts – and particularly
rotating parts – might fail, which
means an increasing demand for
oxygen to be driven out of
powders if they were to be used
to make components for
aerospace applications.

flow because if you can’t get the
flow, you can’t get powders to
melt equally and the product to
form,” he added.

included as the technology
developed.

However, the key to the
technology was the ‘can’ which
Dr Armstrong touched on the
had to be filled with the powder
prospects of a number of powder- and only a couple of companies
based technologies, including Hot in the world had the technology
Isostatic Pressing (HIP), Metal
to design cans. Additionally Hot
Injection Moulding (MIM) and
Isostatic Presses had to be filled
Additive Manufacturing.
if the process was to be
economical.
HIPped components had slightly
better properties than forged
MIM technology was being used
components and could be
to supply components to
manufactured in a fraction of the
different sectors, depending on
time. They could be made from
where customers were in the
mixtures of metals and diffusion
world – microelectronics in Asia,
bonded coatings could be
medical in the US and medical
applied, no matter what their
and aerospace in Europe.
geometry was.
The technology was an
The resulting HIPped products
economical high value process,
were easier to inspect – taking a
but the need to use a bonding
matter of minutes as opposed to
agent introduced impurities and
hours – and aerospace
there were issues over the degree
specifications had been written so of complexity of parts.
that HIPped products could be
AM could be used to produce

Gas atomised powders used for HIP

Dr Armstrong said Carpenter was
building a new plant in Alabama
which would be the cleanest
powder plant in the world, purely
for aerospace applications.

Dr Tim Armstrong, vice-president for research and
product commercialisation at Carpenter Technology
Corporation, speaking at the 2014 AMRC-NAMTEC
Conference

Metallic polymer resin

complex parts with properties
similar to castings which could be
made from graded layers of
different materials, but deposition
rates needed to increase, the size
of components was limited and
surface roughness meant the
component needed to be
machined, adding to costs.
Because AM was a completely
new technology, it could take up
to 10 years to get certification in
place that would allow AM
components to be used in some
aerospace applications, said
Dr Armstrong.

“There is demand for vacuum
melting and creating powders
with a particular particle size and

E-mail: info@namtec.co.uk
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Additive manufact

increases castings
manufacturers efficiency
and cuts carbon footprint
Richard Gould, commercial manager at
Castings Technology International,
speaking at the 2014 AMRC-NAMTEC
Conference

Additive manufacturing technologies, developed in the UK by Castings
Technology International (Cti), are increasing efficiency, cutting carbon
emissions and bringing history back to life, the NAMTEC conference was told.

Richard Gould, commercial
manager at Cti, outlined examples
of how the organisation’s
Replicast®, MEGAshell® and 3D
sand printing technologies had
resulted in those achievements.

600mm impellers from corrosion
resistant metal which required
less work to balance and
improved hydraulic efficiency
typically by around five per cent,
reducing power requirements.

Both Replicast® and MEGAshell®
use expendable polystyrene
patterns which can be CNC
machined out of a single block or
built up from machined
polystyrene parts, and are then
coated with ceramic.

Cti’s MEGAshell® process allows
even larger investment castings to
be made and has been used by
Siemens to make components for
industrial gas turbines called
‘spoke frames’, these are the first
parts of the engine to encounter
the exhaust gases after
combustion and are critical for the
engine’s performance.

The ceramic is fired and the
polystyrene is burnt out to form a
shell, which is supported in a
sand box before molten metal is
poured in to make an investment
casting.

Using Cti’s technology allowed a
hydraulic shape to be created that
would not previously

Richard Gould explained how
pump manufacturer Sulzer had
used Cti’s technology to solve
problems facing builders of a
major oil pipeline.
Sulzer was called in to solve
problems with the pipeline in
Turkey because
of its success in
one of the
toughest terrains
the pipeline ran
through.

The National Metals Technology Centre

That resulted in a 40 per
cent reduction in the
spoke frame’s weight,
minimising manufacturing
costs, improving performance
and reducing CO2 emissions by
113 kilo tonnes.
Meanwhile, Cti’s capability for 3D
printing of sand moulds has
been used by a
company that rebuilds
historic cars to
recreate the engine of
a 1927 Alfa Romeo 158.
Cloth drawings from the
1920s, the latest laser
scanning and reverse
engineering techniques were
used to create a CAD model of
the engine.

The company
redesigned the
pumps and,
with Cti’s help
and technology,
was able to make
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have been manufacturable.

Quarterly Journal

The CAD data was
then fed into the 3D
printer to make sand
moulds for the
ethanol-powered
engine, which
produces 355bhp.
That is almost double
the Alfa engine’s
output in the 1920s,
but has been
deliberately kept
below the 459bhp
the engine was made
to produce in 1951,
when the car was last
involved in serious
competition.
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uring
Professor John Campbell OBE, from the University of
Birmingham, speaking at the 2014 AMRC-NAMTEC Conference.

Defects & failures the turbulent end of the
castings business
Turbulence caused when molten metals are poured into
moulds could be one of the main causes of defects and
failures in castings, according to Emeritus Professor of
Casting Technology John Campbell OBE.
Prof Campbell, from the
department of Metallurgy and
Materials at the University of
Birmingham, told the AMRCNAMTEC Conference it didn’t
matter whether the metal was being
poured in air or under a vacuum.

Top: A Cti MEGAshell® ceramic mould is
prepared for firing.
Middle: A Cti MEGAshell® ceramic mould being
removed from the furnace after firing.
Bottom: A Cti MEGAshell® ceramic mould about
to be removed from a furnace after firing.

Either way, there would be a layer
on top of the metal which was not
liquid and if turbulence occurred
when the metal was poured, that
layer would be folded in on itself
and into the liquid, taking bubbles
of air and particles with it, too.
“When we fill (moulds) turbulently
we are cramming cracks into the
liquid – and then we are surprised
when castings have such poor
properties and fail tests when we
try to forge them.

“Without
the cracks that
have been put in,
in the first place,
nothing would fatigue
or fail.”

“Without the cracks that have
been put in, in the first place,
nothing would fatigue or fail.”

casting methods, including
contact pouring and counter
gravity casting.

Prof Campbell branded the
conical basin used in casting for
2000 years and more as “the
invention of the Devil,” which
acted as a venturi, creating a
50/50 mixture of air and metal.

Prof Campbell quoted his
experience at high performance
engine manufacturer Cosworth,
which had suffered significant
failures with racing engine
cylinder heads, until it introduced
counter gravity casting.

Metal was typically being poured
at speeds of between 2.5 and 10
metres a second to make
castings in the UK, yet the critical
speed for casting was 0.5 metres
a second.
“Up to 0.5 metres a second you
can make a good casting every
time,” said Prof Campbell, urging
foundries to adopt alternative

E-mail: info@namtec.co.uk

“There is enormous scope for
making wonderful castings with
10 times better properties with
conventional alloys. It actually
would save us money to make the
steel well,” Prof Campbell
concluded.
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Understanding and
standards offer
Additive Manufacturing
new opportunities

Additive Manufacturing could become a significant force in
manufacturing if users develop a greater understanding of the
process involved and new standards that guarantee the quality
of products made with the technology.
Professor Iain Todd, director of
the University of Sheffield Mercury
Centre, which focuses on powderbased manufacturing
technologies, told the AMRCNAMTEC Conference: “Additive
Manufacturing has the potential to
be a powerful disruptive and
complimentary manufacturing
technology.”
The technology could be used to
create Minimum Mass Structures,
reducing the amount of material
used to engineer an object as the
Mercury Centre had done with the
air brakes for Bloodhound SSC,
which will seek to raise the World
Land Speed Record to over 1000
mph.
If AM technology could be scaled
up, it might be used to add
features to large scale castings
and forgings.
Prof Todd said that Additive
Manufacturing (AM) materials
were comparable with cast and
wrought materials and better than
standard powder metallurgy
materials.
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What’s more, components made
from AM materials which were
then subjected to Hot Isostatic
Pressing (HIP) had very
consistent properties.
AM was being held back by a lack
of understanding of the process
and how to control it, which was
resulting in defects.
“There are issues,” he conceded,
“but they are not insurmountable
and you can always HIP defects
shut,” said Prof Todd.
“We have got to learn how to
control AM; we have got to
understand how to design for the
process and we need to consider
material sourcing for cost and
recyclability.”
Prof Todd highlighted four main
causes of defects:
• Materials, including powders
with particles that had holes in
them.
• Poor deposition, when the
energy beam being used
wasn’t powerful enough to
fuse particles together.

The National Metals Technology Centre

Quarterly Journal

• Orientation of the build.
• Stereolithography (STL) files,
generated by CAD systems
and used to ‘draw’ the part in
the powder, which lacked
essential data.
Professor Todd said
AM would gain
acceptance if quality
standards and
inspection regimes
could be developed
for products made
using the
technology.
Work was being done
in the UK to develop
standards covering
both quality and
inspection methods and
training programmes for
inspectors, he
added.

Above left: Professor Iain Todd, director of the
Mercury Centre at the University of Sheffield, speaking
at the 2014 AMRC-NAMTEC Conference
Above: Titanium alloy F1 heat shield manufactured
by the Mercury Centre using electron beam melting
Below: AM head

Features

Conference & Dinner 2014...AMRC-NAMTEC Annual Conference & Dinner 2014.

Leap of faith led to transatlantic time
machine that has never been bettered

“A leap of faith, a time machine, a success
that has never been bettered and a joy to fly.”
That was how Captain David
Rowland summed up
Concorde, the first supersonic
passenger jet to enter service,
when he spoke at the AMRCNAMTEC Conference Dinner.
“It worked as an aeroplane, as a
piece of hardware, and as a
commercial proposition. It was a
success,” said David Rowland, a
past president of the Royal
Aeronautical Society.
David Rowland should know. He
flew the Anglo-French record
breaker, before becoming
technical and commercial
manager of the BA Concorde
fleet. He also shared a parallel life
with Concorde.

“It was an incredible leap of faith
and they achieved what they
wanted to do,” said David
Rowland.

the Atlantic without refuelling;
flying across the Atlantic quicker
than the sun goes across the
sky,” said David Rowland.

“By the time Concorde was in
service in 1976 it was flying at
60,000ft – 12 miles high. The only
people who had done that before
were military pilots for a few
minutes in pressure suits. We
were doing it for two and a half
hours.

“We got to New York an hour
before we had taken off in
London. We could go there and
back in a day. It was, in local time
terms, a time machine.”

“Sixty thousand feet is at the edge
of space. About 90 per cent of the
earth’s atmosphere is below you.
You can actually say that you are
on the edge of space, flying at 23
miles a minute.”

At that height and speed the
outside air temperature was -55°C,
while the temperature of the nose
was typically 120°C – a
temperature difference of 175°C
Concorde was “An immense leap
caused by friction, which forced
of imagination” and “An incredible
designers to take special steps to
leap of faith” that achieved all the
allow for expansion as the aircraft
targets it had been set.
was up to 11 inches longer than
Just how big a leap of imagination when it was on the ground.
and faith is demonstrated by the
Concorde had been “A joy to fly.”
fact that at the time Concorde
was first mooted, the jet engine
“It was and is unique. There has
was barely one month old and the been and is nothing in the world
only people to have flown the
that could fly 100 passengers at
Atlantic were Alcock and Brown.
twice the speed of sound across

“I was a baby boomer and this
aircraft was conceived in that
era,” he told dinner guests

David Rowland believes that
Concorde could still be flying
today, but for the 911 terrorist
attacks on the United States.

Captain David Rowland, former captain and general
manager of the Concorde fleet, speaking at the 2014
AMRC-NAMTEC Conference dinner

“You can
actually say that
you are on the edge
of space, flying
at 23 miles a
minute”
Modifications had been
completed after debris caused a
fatal crash to an Air France
Concorde in Paris but the decline
in transatlantic passenger travel
put paid to further flights.

E-mail: info@namtec.co.uk

“We had been flying for just over
a quarter of a century and no one
has been able to improve on
Concorde’s record,” concluded
David Rowland.
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The AMRC has unveiled
plans to more than double its
turnover to in excess of £80
million over the next five years.
Professor Keith Ridgway,
executive dean of the AMRC
with Boeing, laid out the
ambitious plans to
representatives of some
of the world’s leading
advanced manufacturing
companies.

(The AMRC Partner Conference)

Advanced Manufacturing
Research Centre unveils
plans to double turnover
in five years

He was speaking at the annual
‘Tech Fellows Conference,’
organised by the AMRC with
Boeing for its partners, who
include Boeing, Rolls-Royce,
BAE Systems and Airbus.

Professor Keith Ridgway speaking at the
annual ‘Tech Fellows Conference’

Casting the net wide to create a route
for new manufacturing technologies
Integrating new technologies into established manufacturing routes could accelerate
acceptance and avoid delays caused by the time it takes to get novel processes accredited.
The barriers facing new technologies like
additive manufacturing (AM) often start
with the fact that they can be difficult to
categorise as a single, accepted process.
The fact that they are new means there
aren’t any specifications or accreditations
and getting them is both time consuming
and costly.
But, there are ways in which new
technologies can be incorporated into
established process routes that are already
included in specifications and for which
there are already accreditations.
Developments include the use of
stereolithography and 3D printing using
sand to create patterns and moulds for
making castings.

18

“Casting is a widely used, robust
process,” Castings Technology
International (Cti) process engineer Jim
Collins told the AMRC Tech Fellows
conference.
“Because the novel part is an expendable
part of the process, the risk is low and you
can create complex geometries for
components that weigh anything from
several grams to several tonnes.
“Due to the integration into existing
castings technology, it allows any alloy to
be used and it is not limited to melting or
fusing in air.
“The big advantage is performance. You
can create castings with thin wall

The National Metals Technology Centre

Quarterly Journal

sections, good dimensional accuracy and
reduced weight. You also get an extremely
good surface finish, which gives
customers an advantage.
“The great thing about the additive
manufacturing process is you can make
something very quickly.”
Looking to the future, Jim Collins sees
potential for further developing additive
layer manufacturing to be used to
manufacture ceramic cores. He also sees
AM being used for rapid tool making and
developed for making structural castings
from titanium.
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Export opportunities

offshore wind power

Ben Kitcher, AMRC Offshore Renewables Manager
speaking at the ‘Tech Fellows Conference’

Britain must build a strong, independent supply chain that
harnesses technological advances to cut the offshore wind
industry’s costs if it wants to reap benefits from a growing
international market.
According to Ben Kitcher, offshore
renewables manager at the AMRC,
major opportunities exist in the
market and UK manufacturers are
in a great position to seize them.
Speaking during the AMRC’s Tech
Fellows Conference, Ben Kitcher
said offshore wind had supplied
24 per cent of the UK’s energy
requirements on one day in
October, beating the previous
record of 22 per cent, set in
August.
Offshore wind generating capacity
is currently in excess of 3.6
gigawatts and plans were in the
pipeline for a further 10 gigawatts.
Offshore wind power is expensive,
currently around £144 a megawatt
hour, compared with £40 to £50 a
megawatt hour for gas, but is
attractive because the Government
had set a strike price for offshore
wind energy of £155 a megawatt
hour.
Ben Kitcher said research by the
Crown Estates had shown that 50
per cent of the overall cost was the
cost of financing the capital

expenditure and the cost of the
turbines.
He and his colleagues at the
AMRC are currently looking at
ways of reducing manufacturing
costs while maintaining and
extending the working life of wind
turbines.
One area for cost savings is linked
to reducing the weight of the
castings used in offshore wind
turbines.
“There is going to be a lot of
potential in reducing the weight of
casting,” said Ben Kitcher.
“The weight of some of the huge,
offshore turbines is in excess of
500 tonnes and they are mounted
on a tower 100 metres in the air, so
the tower has to be incredibly
strong.
“If you reduce the weight of the
casting you get cost savings, you
reduce the cost of the tower and
you reduce maintenance costs. If
you can reduce the weight of the
casting on top, the cost saving is
huge.”

Part of capital cost is for chartering
special boats with stilts, needed to
put wind turbines up.
“If you can develop a simpler way
to put a wind turbine up, you can
reduce the cost an awful lot,”
added Ben Kitcher.
The AMRC is looking at
developing new manufacturing
processes to cut the cost of
making turbines and setting up a
consortium with partners to
develop new technologies.
It is also working to develop the
UK’s offshore wind energy supply
chain with the Manufacturing
Advisory Service and Green Port
Hull, where Siemens is building a
wind turbine production facility.
Consortia behind UK offshore wind
are keen for wind energy prices to
become more affordable, so that
future projects can become cost
effective in their own right and
hence a sustainable part of the
UK’s energy mix.
But with the first offshore wind
turbines having recently been
installed in the seas off the United
States, and China taking an
increased interest in offshore wind
power, export opportunities are
opening up too.
E-mail: info@namtec.co.uk

We need to build a strong
independent supply chain and we
are in a great position to do it in
the UK,” said Ben Kitcher. “By
building capability in the UK, we
can build a big export market in
the future.”
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Medical researchers seek to counterbalance the
effects of Motor Neurone Disease and strokes
Researchers at the Medical AMRC are looking for ways to give victims of
Motor Neurone Disease and strokes back some of their independence.
The researchers have been
looking at developing “assistive
clothing” that compensates for
weakness in the arms which can
be caused by either condition,
as part of a collaboration with
Devices For Dignity (D4D) and
the Sheffield Institute for
Translational Neuroscience
(SITraN).
Samuel Rees, from the Medical AMRC

“The hope is
that the special form
of pure titanium could
be used to make
stronger pure titanium
implants, with a longer
fatigue life”

20

Samuel Rees, from the Medical
AMRC, says most of the devices
developed in the past have
involved a high technology
approach.

things like lift a cup to take a
drink or just scratch their nose.”
The Medical AMRC researchers
are currently developing a
prototype device that
counterbalances the weight of
the arm – around 4.5kg.
They hope to see their prototype
device developed so that it can
be manufactured and eventually
adopted by the NHS.

The assistive clothing is just one
of a number of projects that
members of the Medical AMRC
outlined at the annual Tech
He said: “We decided to develop Fellows conference for AMRC
a simple, straight-forward, low
partners.
cost device – a piece of clothing
Medical AMRC researchers are
that ‘zeros’ the input of the arm
developing a series of tests that
so that all the user has to do is
overcome the inertia and weight enables them to understand the
mechanical behaviour of medical
of what they are holding.
implants in the body.
“The object is to give the user
The tests are being developed
some kind of independence
back so that they can do simple as part of an investigation into

The National Metals Technology Centre
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the potential for using a special
form of pure titanium for
implants.
Pure titanium has very low levels
of bioreactivity, but alloys, which
are more bioreactive, offer more
strength. The hope is that the
special form of pure Titanium
could be used to make stronger
pure titanium implants, with a
longer fatigue life.
The Medical AMRC is also
working with innovative
companies on projects to use
additive manufacturing (AM)
technology to create implants
that bone will grow through to
create a more stable integration
with the body and an
orthopaedic screwdriver that
could cut accidental waste in
operating theatres.
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Advanced Manufacturing
Research Centre gears up
for a new challenge
Plans to develop a centre of excellence for gear manufacturing technology at the
AMRC are being stepped up in response to increased demand from partners.
The plans were outlined at a special
meeting in the AMRC’s Knowledge
Transfer Centre for companies across the
gear sector supply chain, including
materials and machine suppliers and end
users, as well as gear designers and
manufacturers.
The message also went out to delegates
attending the Tech Fellows event. The
AMRC hopes to capitalise on its 15 year
record for developing radically faster and
more economical manufacturing
processes for high quality, high value
components and apply that expertise to
gear manufacturing.
In addition to reducing the time it takes to
manufacture gears, the AMRC could
develop manufacturing methods to suit
new materials and designs that will

Dr. Sam Turner,
AMRC chief
technology
officer

improve gear accuracy and performance.
AMRC chief technical officer Dr. Sam
Turner says the organisation has received
increasing requests from partner
companies to advance state of the art gear
manufacturing.

gear manufacturing competence which it
can call upon in the drive to create a step
change in gear manufacturing techniques.
It also has a strong, multi-disciplinary
team with the capability to design
components with manufacturing methods
in mind in the shape of its Design and
Prototyping Group. The AMRC is also well
on the way to creating a Grinding Centre
of Excellence which would contribute to
its aspirations to develop new gear
manufacturing techniques.

Dr. Turner added that Original Equipment
Manufacturers (OEMs) in the aerospace
and marine sectors want to improve
overall performance and increase fuel
efficiency by improving gear performance.
Meanwhile, automotive manufacturers
want to reduce emissions.
The demand for improvements from the
aerospace and marine sector has been
emphasised by the development of the
geared turbofan aero engine.

engines because they don’t require the
extra compressor and turbine stages that
the conventional engines have to have.

Geared turbofan engines are more efficient
and weigh less than conventional turbofan

Dr. Turner says the AMRC already has
underpinning technology and pockets of

Meetings with partners are helping to
identify key areas, such as corrosion
resistance and gear classes and sizes, for
the AMRC initiative to focus on and
investment is being planned in bringing in
appropriate hardware and skills.

New tools and a new mind-set a must for Additive Manufacturing
New computer aided design (CAD) tools and increased awareness of how additive
manufacturing machinery works are the keys to making the most of the new technology.
According to Mark Cocking, lead additive
manufacturing engineer with the AMRC’s
Design and Prototyping Group: “We need
to update CAD tools, we need to update
our process knowledge and designers
need to spend more time studying the
machinery.”

Mark Cocking, AMRC Design & Prototyping Group

Additive manufacturing (AM) gave
designers a lot more freedom than they
had with other technologies, but they had
to adapt to the additional freedom and
change their mind-sets to create
optimised structures, with the fastest build
times. Mark Cocking said designers could
get inspiration from nature when
designing for AM, citing the structure of
an insect’s wing with a tougher leading
edge and an array of small cells to provide
lightweight support and optimise the
wing’s structure.

The Design and Prototyping Group had
drawn on that lesson when developing the
latest version of its ‘blended wing’
Unmanned Aerial Vehicle (UAV).
The UAV’s design incorporates internal
vanes, optimised for flight loading, which
also act as an internal scaffold, allowing
the wing to be built as a single piece from
ABS plastic on a fused deposition
modelling machine without the need for
external supports. Mark Cocking also
cited the way designing for AM had
resulted in improvements in a plate heat
exchanger, previously made from multiple
assemblies of individual components that
had to be cut and formed.
Using AM, the heat exchanger had been
made as a single piece, optimised for heat
transfer, with internal channels and fins
that cause the flow of the liquid inside to
become turbulent, increasing the heat
E-mail: info@namtec.co.uk

transfer. The heat exchanger would have
been nigh on impossible to design using
a standard CAD package, but new tools
that were now available had allowed the
image to be simplified and optimised to
create a digital manufacturing model.
“Understanding load cases and final
process capability at the beginning of the
design process, will, hopefully, when
coupled with new software optimisation
tools reduce the design cycle and
generate a structure that is suitable for
additive manufacturing as well,” said
Mark Cocking.
“Additive manufacturing can easily be
exploited if designers update both their
process and design knowledge. Hopefully,
the right combination of software and
hardware will get us closer to direct digital
manufacture.”
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New design strategy
helps manufacturers
to engineer success
Brainwriting as a cure for social
loafing, storyboarding as a way
of bridging the ideas ‘valley of
death’ and Lego as a solution to
Innovation Trauma.

and with commercial clients.
“We’ve used it with several small
and medium-sized enterprises
(SMEs) with a lot of success,” says
Dr Bell.

The foundations were laid when Dr
Andy Bell from the AMRC’s Design
& Prototyping Group began
looking for ways of overcoming the
four best known pitfalls in the
conventional brainstorming
approach to design and problem
solving.

Designing a way around
Brainstorming’s major pitfalls

Now it has developed into a design
methodology, which is in the final
stages of completion and has
already been used successfully
both within the Design &
Prototyping Group

22

Four key pitfalls are always present
during brainstorming sessions.
Fear of judgement, production
blocking, social loafing and
cognitive Inertia can lead to some
of the best
solutions being
discarded, or worst,
never voiced in the
first place, says
the AMRC Design
& Prototyping
Group’s
Dr Andy Bell.
Fear of judgement
happens when
people won’t voice
their opinion
because they fear someone else
will ridicule it. Production blocking
is almost the exact opposite, with
great ideas being missed because
everyone is talking over each other.

The National Metals Technology Centre
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Social loafing occurs when
everybody relies on somebody else
to voice an opinion and cognitive
inertia happens when people defer
to one member of the
brainstorming team who they see
as a leader.
“People go along with what the
‘leader’ says because they are the
‘expert in the field’,” Dr Bell
explains.
Companies or industries with long
histories are also prone to
cognitive inertia– it’s present
whenever you hear the phrase:
“We’ve always done it like this.”
“The best way I have found of
avoiding brainstorming’s pitfalls is
called brainwriting*,” says Dr Bell.
“Instead of sharing the ideas
vocally, you isolate the idea from
the individual.”
Brainwriting involves getting no
more than six people around a
table – if there is more than six,
then you split them up into more
groups, around more tables and,
preferably, in different room.
Everyone in the group
is given a piece of
paper with three
columns and
a number of
rows and told
to write down an
idea in each of the
columns of the first
row, before

passing the paper on to the next
person around the table.
Each team member uses the three
ideas on the first row of the paper
they have been given as inspiration
for three more ideas, before folding
the paper so that the first row is
hidden and passing it on again.
The new idea could take things in a
completely new direction or
develop the previous idea.
“It’s part iteration and part original
thinking – innovation, the ‘light
bulb’ moment,” explains Dr Bell.
Once the sheets are filled you cut
up the columns and rows, remove
any duplicates and group the ideas
on the squares together.
“You get between 10 and 20 per
cent duplicates, which is a lower
number than in traditional
brainstorming sessions. Grouping
is very collaborative, the discussion
opens up and it seems to facilitate
understanding of what the ideas
are. “There’s a four to six fold
improvement in the number of
useable ideas generated and it’s
very quick, which is important,”
says Dr Bell.

Features
Ideas are stuck together in their
groups and that’s when you
encounter the next pitfall.
“It’s an archetypal problem,”
continues Dr Bell.
“You’ve got a lot of good ideas and
no one understands what to do
with them. It’s the valley of death,
where all good ideas go to die!
“People start second thinking
themselves, saying ‘That won’t
work because of this’ and all the
value of the idea has gone before
you have tested it.”
* A Re-examination of
Brainstorming Research:
Implications for Research and
Practice. Isaksen and Gaulin 2005

Need to bridge design’s
“valley of death” try telling a story
Film makers have been using
storyboarding as a key technique
for turning a script into a movie
since the industry’s early days.
Now designers have seized on the
concept as a way of exploring,
expanding and exploiting ideas for
new products and bridging the
“valley of death” where so many
new concepts lie stillborn.
For Dr Andy Bell, ‘storyboard
design’ follows naturally from the
brainwriting technique that the
AMRC Design & Prototyping Group
has adopted to avoid the pitfalls of
brainstorming.
“We encourage people to put their
ideas onto a storyboard. It’s where
they belong,” says Dr Bell.

“We have a natural ability for
building a story and it is a good
way of getting people to
understand what’s going on
because it highlights gaps in their
thinking which need filling in.
“It’s a very visual way of doing
things. The human brain isn’t
particularly good with lists. It’s
better with imaginary and visual
clues. People respond quite well to
having the storyboard.”
Dr Bell draws parallels with a film
storyboard.

Innovation trauma is the flip side of
the sunk cost coin. It occurs when
failures make developers feel
negatively about new ideas so they
resort to safer and less innovative
solutions, bringing fewer potential
benefits.
One of the best ways of avoiding
both is to make low cost
prototypes rapidly and early in the
design, development and testing
process and that’s where the Lego
comes in, along with foam card
and other quick ways of making
basic prototypes.

The group is also using a new
design philosophy called concept
knowledge theory* to help it
determine when an idea is ready to
become a product.
According to the theory, ideas only
exist as concepts until you can
physically make them, when they
become knowledge.
“You have got to get your head
around the idea that until you have
proven it can be done, it doesn’t
exist as knowledge, it’s just an
idea,” says Dr Bell.

Introduce a character into a
storyboard without a backstory to
explain their motivation, why they
are there and how they relate to
other characters and the film won’t
convince the viewer.

The Design & Prototyping Group is
applying its combination of
brainwriting, storyboarding and
concept knowledge theory to
“Anything and everything,” says
Dr Bell.

The same thing is true if you can’t
link the different components in a
product because, for example, you
don’t have the right machine or
knowledge.

“It’s all about getting ideas down
quickly and then very quickly
turning that from Concept to
Knowledge,” he continues.

Testing before design – the
key to avoiding a sinking
feeling over costs
Brainstorming’s pitfalls and the
ideas “valley of death” aren’t the
only barriers facing organisations
trying to create new products.
Sunk cost and innovation trauma
can also block the way.
Sunk cost encourages companies
to pursue ideas that are going
nowhere because they become
obsessed by the amount of time
and money they have already
invested in them.

“You’re not worried if it breaks
because it’s just a piece of
cardboard and it is very quick and
easy to put a Lego or cardboard
model together,” says Dr Andy Bell.
“You can represent all sorts of
things with Lego. It’s a very, very
useful tool.
“Lego is very good for business
strategy planning because it allows
people to lay out how they want
things to work out conceptually. We
have done a couple of machine
system mock ups and we made a
rig to test the ducted fans which
power the latest UAV out of Lego.”

E-mail: info@namtec.co.uk

“The sooner you can test it and
prove it works, the better. We are
quite often proving the principles of
the design before the actual CAD
work is done. With some
technologies, we are making
something using a 3D printer,
testing it to see if it works and then
actually drawing it up.
“The work we have done with
clients has been very well received.
We can show clients how to design
and develop something very, very
quickly.”
* C-K Design Theory: An
Advanced Formulation. Hatchuel
and Weil 2008
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UK to lead on small modular
reactor development
A new generation of small modular reactors (SMRs) could allow
the UK to regain leadership in nuclear technology and create a
global market for British manufacturers, according to a new
government-commissioned study.
The SMR feasibility study,
published in December, was led
by the National Nuclear
Laboratory in collaboration with
key industry players and research

organisations, including the
Nuclear AMRC.
SMRs, as defined by the
International Atomic Energy
Agency, are advanced reactors
producing up to 300MW of
electric power that can be largely
built in factories and shipped to
utilities and end users. They could
give the UK the ability to enhance
the security and safety of its
power supply and achieve greater
flexibility in grid management;
and the opportunity to use 21st
century manufacturing techniques
to create a worldwide export
market.
SMRs are unlikely to be cheaper
than the current generation of
gigawatt-scale reactors in terms
of cost-per-kilowatt – but they do
promise a much lower capital
cost, reduced construction risk,
and a shorter period before they
start generating electricity and
income.
The key to making SMRs
economically viable lies in driving
down costs in production and
delivering economies of multiple
production. It's an area where the
UK has established expertise
– Rolls-Royce has built dozens of
small reactors for submarines.
SMRs offer the nuclear industry
the opportunity to become more

The NuScale Small Modular Reactor
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like other sectors such as
aerospace, which use the normal
rules of low-volume
manufacturing. They will also
allow manufacturers to use
advanced techniques which aren't
specified for the current
generation of reactor designs.
Key technologies identified by
Rolls-Royce, one of the
companies involved in the
feasibility study, include electron
beam welding, diode laser
cladding and hot isostatic
pressing, all of which are currently
under development at the Nuclear
AMRC.
The Nuclear AMRC's machining
capabilities are also ideally suited
for developing manufacturing
techniques for SMRs. Many of the
centre's advanced machine tools
have been specified to work on
representative-size parts for
gigawatt-scale reactors, which
means that they could also
produce full-size prototypes for
SMRs. The Nuclear AMRC can
also draw on the aerospace
expertise of the AMRC with
Boeing and other centres in the
High Value Manufacturing
Catapult to apply cross-sectoral
knowledge to SMR development.
In November, the Nuclear AMRC
signed an agreement with USbased SMR developer NuScale to
work together on the
development of a groundbreaking
small modular reactor. NuScale's
Power Module is a 50MWe
pressurised water reactor and
generator, designed to be
deployed in clusters of up to 12
per site. The combined
containment vessel and reactor
system measures around 25
metres in length by five metres
diameter, small enough to be
transported by a single lorry, and
features state-of-the-art passive
safety systems which significantly
reduce risks associated with
current reactor designs.

Pictured l-r, Stuart Dawson of the Nuclear AMRC,
Dr Jose Reyes of NuScale, Bernd Baufeld of the
Nuclear AMRC and Tom Mundy of NuScale

The agreement signed by
NuScale chief technology officer
Dr Jose Reyes and Nuclear
AMRC chief executive Mike Tynan
opens the way for potential
collaboration on the development
and manufacture of the NuScale
technology.

Dr Jose Reyes of NuScale

Mike Tynan (left) and Dr Jose Reyes

Pictured l-r, Tom Mundy and Dr Jose Reyes of NuScale,
with Stuart Dawson of the Nuclear AMRC
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Better heating and planning helps
to raise paint shop production at
top construction firm
“The changes
Leading UK structural steelwork contractor Billington
Structures could increase throughput in its paint shop
by 20 per cent after changing how it heats its factory
and improving planning and forecasting systems.

"The work underway here at the
Nuclear AMRC is founded upon
the strong relationships we have
with universities, UK industry, UK
government and nuclear
technology developers around
the world," Tynan commented.
"Our discussions with NuScale
Power are part of our continuing
support to the diverse
technology base for civil nuclear
power in the UK and we look
forward to the potential
development of SMR technology
for the UK."
NuScale's visit to the Nuclear
AMRC was part of a week-long
programme of engagements
with key UK nuclear engineering
facilities.
Dr Jose Reyes said: "Given the
UK’s engineering and skills
base, working with British
organisations is vitally important
for NuScale as we move towards
our first commercial power
station. This week is about
developing the basis for future
commercial collaboration
between NuScale Power and
key British nuclear engineering
players. It's also about ensuring
that tomorrow's nuclear
engineers, whether in Sheffield
or Oregon, get the training
opportunities they need to help
build the advanced, clean
energy technologies of the
future."

could improve
throughput by up to 20
per cent when linked
with the planning and
forecasting
system”

The changes are the result of
work by consultants Pro Enviro,
who were appointed after
Billington sought help from
NAMTEC’s European Regional
Development Fund financed
Direct Company Support
Scheme.
Billington tackles projects across
the UK, ranging from simple
frame building to the most
complex structures in excess of
6,000 tonnes and has the
capability to process 25,000
tonnes of steel a year.
The company sought help to
increase the flow of products
through its paint shop by
lowering drying times and
introducing an improved
scheduling and planning system
to reduce delays.
Pro Enviro was asked to review
product flow through the paint
shop over a four month period
and identify potential
improvements.
The multidisciplinary
environmental and industrial

management consultancy
carried out a detailed
assessment of the paint shop
environment, drying times and
workflow.
The assessment covered the
physical layout of the paint shop,
temperatures throughout the
shop and the processing and
shipping of completed products.
Pro Enviro found Billington’s
fabrication and paint shops were
only separated by a low level
screen that failed to stop air and
heat moving between them.
Radiant tube heaters were
configured in such a way that the
edges of the shop were
significantly warmer than the
central area, while their location
meant they were not fully

effective and heat flow was
blocked by factory beams.
Pro Enviro analysed loading and
delivery schedules to reduce lag
and layover time and reviewed
internal programme
management and loading
systems that are prepared in
conjunction with forward
forecasts.
Its recommendations included
reconfiguring the space heating
system to provide a more even
temperature and to also allow
areas of concentrated heat to be
created if needed for rapid
drying.
The changes could improve
throughput by up to 20 per cent
when linked with the planning
and forecasting system.
Pro Enviro also
identified alternate
routes for
products that did
not need painting
to help alleviate
the build-up of
product in
despatch.

E-mail: info@namtec.co.uk
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Hydraulic systems specialist gears up
to meet competitive pressures

The Wakefield-based company
supplies original equipment
manufacturers (OEMs) and the
aftermarket and includes blue
chip companies making civil
engineering and construction
equipment among its customers.
HSP sought help from NAMTEC
when it faced difficulties bringing
new products to market and
recognised it needed to upgrade
its product development
capabilities.
The company had one idea in
particular for a new product
range that customers wanted,

“Without
this work, a
significant
proportion of our
sales would
have been
at risk”

The world's only nuclear-focused
manufacturing research centre
opened its doors to the oil and gas
industry in November, to show how
advanced manufacturing
techniques can help suppliers
compete on cost, quality and
delivery.

but needed help to develop the
product and also its engineering
capabilities.
Using NAMTEC’s European
Regional Development Fundbacked Direct Company Support
Scheme, HSP was able to seek
advice from consultants Brook
Corporate Developments.
Brook helped HSP to turn
partially developed drawings for
the new product range into 3D
CAD models, using SolidWorks,
images for use in marketing
materials and AutoCad drawings
for use in data sheets.
HSP and Brook went on to
generate models, manufacturing
drawings, marketing materials
and data sheets for HSP’s
existing products and identified
new market
opportunities
which HSP
could take
advantage of
using existing
products and
variants of its
existing range.
HSP general
manager, Paul
Newton, said:

HSP Solid Works

“Without this work, a significant
proportion of our sales would
have been at risk.
“We now have a much stronger
product offering and a solid
platform to build our sales and
business activities from.”
The Direct Company Support
scheme not only enabled HSP to
defend its market position from
competitive pressures. It also
allowed the company the
potential to gain market share
and identify gaps in the market.
As a result, the company has
increased sales and created new
jobs.

HSP Tornado Twin Spindle

HSP test point plugs

Oil & Gas
Showcase
Nuclear AMRC,
Rotherham

New opportunities for growth, including job creation, have
opened up for a hydraulic systems specialist after it sought
help to expand its product development capabilities.
Hydraulic System Products
(HSP) makes a range of
hydraulic test equipment, valves
and niche components for fluid
power systems.

Event
Reviews

HSP hydraulic system valves

Despite its name, the capabilities of
the Nuclear AMRC in Rotherham
are not exclusively reserved for
companies working in the civil
nuclear sector. While its core focus
is on helping UK manufacturers win
work in nuclear, the centre's worldleading resources and expertise in
machining, welding and fabrication
are eminently applicable in other
sectors that require large highintegrity components.
To showcase the opportunities, the
Nuclear AMRC's engineers teamed
up with key industry partners for an
open day exclusively for oil and gas
suppliers. "Even though we're set
up to manufacture representative
sized parts for gigawatt-scale
nuclear reactors, the technology we
have in place is equally applicable
to the large high-value
manufacturing processes you guys
are involved with," Stuart Dawson,
Nuclear AMRC operations director,
told the invited audience of over 90
delegates.
The Nuclear AMRC's 5,000 sq m
workshop is home to an array of
production-scale machining
centres, including some of the
largest and most advanced
machines available in a
collaborative research centre
anywhere in the world. For
example, the new Soraluce
FX12000 floor-type horizontal
milling and boring centre is
capable of five-sided machining of
complex parts of up to 12 metres in
length and five metres diameter,
including large pumps, valves and
sub-sea components.
Alongside that is a Dörries
Contumat vertical turning/milling
lathe (VTL), capable of working on
parts such as offshore well heads
of up to five metres diameter and
three metres height. The VTL was
funded by the High Value
Manufacturing Catapult, a national
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Event Review
Left: Visitors from the oil and gas sector
at the Nuclear AMRC’s facilities

said. "We're ensuring that each
piece of equipment can talk to
each other."
Finally, Plexus Holdings
technical director Craig Hendrie
described the engineering
challenges of his innovative
wellhead and mudline suspension
system. Plexus's Pos-Grip
technology uses a mechanical and
hydraulic system to secure
wellhead components through
external pressure, providing high
integrity and time savings.

network of seven leading
manufacturing research centres
backed by Innovate UK.
Size isn't everything, of course.
Some of the Nuclear AMRC's
smaller machining centres offer
advanced specialised capabilities
for producing complex parts. The
Mazak Orbitec was designed
specifically for the oil and gas
sector and features a unique
turning and facing headstock that
allows turning operations on large
irregularly-shaped parts.
"The Orbitec is quite a
mindblowing machine in how it
works," Dawson noted. "It's quite a
niche machine but in the right
application it's unbeatable."
The Nuclear AMRC has used its
Mazak Orbitec to help an oil and
gas supplier cut the cycle time for
a safety-critical component by
around 90 per cent. Aker Solutions
approached the centre's
machining experts to help produce
a new riser design which promises
to provide significant benefits in
safety and efficiency.
Conventional risers typically
feature a steel pipe with nickel
alloy tapered thread connectors
welded to each end, and must be
taken out of service and inspected
every five years. Aker's new design
is made entirely of low-alloy steel
with no welds, and features the
firm's innovative RiserLock push-fit
connectors which need no manual
handling and can reduce the risk
of injury during installation.
Machining these long complex
components on a standard lathe
would cause problems with
whipping as the riser is turned

without supports. By keeping the
component stationery and rotating
the tool around it, the Orbitec
provided much greater security in
production – and allowed the
Nuclear AMRC team to show that
Aker's estimated cycle time of nine
hours could be reduced to less
than one hour.

Sandvik Coromant worked with
one customer to produce a new
tooling library for Inconel valve
seat machining, which reduced
machining time by 1900 hours in
the first year. "This was a change
from traditional work habits into
new ways of doing things," Lain
said.

Mazak's machining platforms are
designed to address industry
problems, Paul Hughes, general
manager for UK sales at Mazak,
told delegates. "More and more
customers these days don't want
to buy a machine – they want to
buy a solution," he said.

As well as machining innovation,
delegates also had the chance to
explore the Nuclear AMRC's work
in advanced welding and cladding
processes using electron beam
and diode laser technology, and
powder metallurgy techniques
such as hot isostatic pressing
(HIP). "Oil & gas is quite an early
adopter of HIP parts for highintegrity applications, because of
its very homogeneous material
properties," Dawson noted. "We're
looking at how can we generate
UK capability by electron-beam
welding panels of powder
metallurgy parts together to
produce much larger parts."

As well as a choice of Orbitec
machines optimised for valve and
pump applications, Mazak has
developed the Integrex range for
large complex jobs – an Integrex i400S multi-tasking machine was
on show in the Nuclear AMRC
workshop. "An Integrex is where
we're integrating turning and
milling with full five-axis capability,"
Hughes explained. "It's a
machining centre that can turn,
rather than a mill-turn."
Innovation in cutting tools is also
vital to meet ever-tougher industry
demands. Ian Lain, business
development manager for
advanced machining at Sandvik
Coromant, described how the
company is developing new
tooling technology such as an antivibration bar for deep-hole
machining which can increase
cutting speed while extending tool
life five-fold.
Such technologies can provide
significant savings for oil and gas
suppliers. Lain explained how

The day also heard from two of the
most innovative suppliers in the
sector. Chris McComb, oil and gas
account development manager at
Siemens, discussed how subsea
installation is being revolutionised
by the move from hydraulic
systems to electrically-driven
systems. Challenges include
transferring industry knowledge to
the new electrical technology, and
ensuring common standards and
specifications for control systems.
"We're trying to educate end
customers in these functional
safety specifications, so they apply
those to their technology and
demand it from OEMs," McComb
E-mail: info@namtec.co.uk

"With a 15,000psi wellhead, we're
supporting about 4,000 tonnes of
deflection by squeezing the
wellhead housing onto the hanger,"
McComb told delegates. "The
consequences of failure in the
industry are extremely high, so we
have to be absolutely sure we are
picking the responsible
engineering figures."
In the oil and gas sector, as in
nuclear, the consequences of
component failure can be
devastating. Manufacturers who
can meet industry demands for the
highest integrity and highest
precision can find opportunities in
both markets.

Get Fit For Nuclear
Companies with established
capabilities in oil and gas are in a
prime position to win work in the
civil nuclear sector – including
opportunities in the £60 billion
worth of new reactors proposed
for the UK, and the ongoing
decommissioning programme.
To help quality manufacturers take
a first step into nuclear from other
sectors, the Nuclear AMRC has
developed a free assessment and
support programme called Fit For
Nuclear (F4N).
F4N allows companies to measure
their operations against the
standards required to supply civil
nuclear and take the necessary
steps to close any gaps. The
centre has recently expanded the
programme to reach even more
companies in more areas of
manufacturing, working in
partnership with the Manufacturing
Advisory Service to reach at least
300 SMEs over the next two years,
and offering grant funding to
English SMEs for business
improvement or R&D projects to
help them close any gaps in
performance.
To find out more, go to:
namrc.co.uk/services/f4n
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Upcoming events & courses
Factory 2050 Conference:
Technology and Systems
AMRC Knowledge Transfer Centre,
Rotherham
25th – 26th March 2015
Factory 2050 is the world’s first totally
reconfigurable factory and soon to be the
AMRC Integrated Manufacturing Group’s
new home.

Robot assisted
manufacturing

The programme will include presentations
from academics and industrial end users,
exhibitions and demonstrations, as well as
networking opportunities.

AMRC Knowledge Transfer Centre,
Rotherham

The conference will focus on the
technologies and systems which will
feature in Factory 2050 and seek to
answer these questions:

Wednesday 11th March 2015

• What will Factory 2050 look like?
• How will it differ across industrial sectors?
• How will it interface with the supply chain?
• What technologies will be used to make
Factory 2050 a reality?
• What will be the impact of new and
innovative processes?
• What role will people play and how will
they be adequately trained?

Programme

and innovative manufacturing processes
and systems.
Young academics and researchers are
particularly encouraged to attend.
The conference will be spread over two days
and be divided into two hour themed
sessions. Each session will be led by an
industrial keynote speaker and include a
combination of industrial and academic
speakers.

Factory 2050 vision | Machining and welding
innovations | Innovative manufacturing
processes | Robotics and automation |
Sensor innovations | Modelling and
simulating processes | Layout and systems |
Management and decision making | Data
handling and IT systems | Developing people

sponsored by:

Who should attend?

Go to:
http://www.amrc.co.uk/events/factory2050-conference
for more information and register

The content will be of interest to academics,
industrial engineers, manufacturing
technologists and those involved in the
design and development of existing and new

• Bond Bryan Architects
• Manufacturing Advisory Service (MAS)
• Manufacturing Technologies
Association (MTA)
• Sheffield Business Park

Robots offer one answer to the increasing
need to be able to reconfigure production
rapidly, potentially replacing a range of
machining centres, welding bays and
inspection facilities and avoiding the need to
move massive components around a shop
floor to carry out different processes.
In the past, robots have never been able to
compete with conventional machine tools on
dynamic stability and accuracy, but that is
changing thanks to new research and
technological advances.
The first AMRC Forum of 2015 will reveal the
extent to which robotics and automation is
already being used in high value sectors,
discuss the challenges involved and examine
the trends and experience of users and
vendors.
It will also explore how aerospace supply
chain companies can apply the experience of
other sectors, including automotive and
packaging.
Speakers will include representatives from:
• Jaguar Land Rover
• ABB
• Electroimpact
• Delcam
• The AMRC’s Integrated
Manufacturing Group
Go to http://www.amrc.co.uk/events for
more information and register or email
c.lidster@amrc.co.uk

For information about all the upcoming courses at the
AMRC Training Centre, visit:

www.amrctraining.co.uk/courses-calendar
Email: info@amrctraining.co.uk
Telephone: 0114 222 9958
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