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The world of industrial Additive Manufacturing can change at a
remarkable pace. Since the last issue of Metal AM magazine,
GE announced plans to acquire two leading AM machine
manufacturers, Arcam AB and SLM Solutions, whilst Siemens
confirmed its acquisition of a majority stake in the UK’s
Materials Solutions.
Both GE and Siemens use metal AM components in highperformance applications, with power generation systems
being an important industry sector that both companies have
in common. Their moves over the summer must therefore be
regarded as a clear vote of confidence in the potential of metal
AM technology.
If successful, GE’s move would secure additional technical
expertise and gives the company a foothold in two areas
of the AM supply chain, production machinery and metal
powders. This ties in with the company’s ambitions of
not only developing the use of AM components within its
businesses, but of also becoming the leading provider of digital
manufacturing solutions on a truly industrial scale.
The interest in AM factory concepts is high on the agenda
with a number of companies, including Germany’s FIT AG. As
one of the most experienced developers and manufacturers
of AM components in Europe, FIT has worked hard to develop
a ‘model AM factory’ that starts to address the technical and
economic challenges surrounding the commercial production
of series AM components (page 49).
Nick Williams
Managing Director
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Acquisitions move the
industrialisation of metal AM a
step forward

Cover image
Arcam EBM machines used for the
series production of AM titanium
components at FIT AG
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FIT AG: Laying the foundations for highvolume metal Additive Manufacturing
There is no doubt that the AM of series components
is quickly becoming a reality. From high profile
applications in the aerospace industry to performance components for the automotive sector, there
are now numerous examples of the successful
implementation of metal AM. However, the route that
a company chooses in order to adopt AM technology
could have a significant impact on a component’s
development time and cost. We visited Germany’s
FIT AG to discover how it is leveraging its expertise
to supporting companies with the outsourcing of
component development and production.
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behind the growth in the Powder Metallurgy industry for over 65 years. Hoeganaes has fueled that growth
with successive waves of technology, expanding the use of metal powders for a wide variety of applications.

AncorTi™
• Spherical Titanium Powder for Additive
Manufacturing
• Particle Size Engineered for Selective
Laser Melting (SLM) and Electron Beam
Melting (EBM)
• Rigorous Quality Testing

ENGINEERING THAT MOVES THE WORLD
MOBILE DEVICE APPS NOW AVAILABLE FOR DOWNLOAD

FOLLOW US ON SOCIAL MEDIA AT:
@HoeganaesCorp

61

METAL
ADDITIVE
MANUFACTURING

The evolution of AM at GE: On the
acquisition trail as the focus turns to
technology supply
With the announcement of GE’s planned acquisitions
of metal AM machine producers Arcam and SLM
Solutions, the company is making a bold move to
not only enhance its already significant AM expertise
but also to position itself as a leading supplier of AM
technology to the wider industry. This ties in closely
with GE’s ambitions to evolve into the world’s leading
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within just 10 days

3D metal printing with GKN, the strong partner for automotive industry
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Innovative materials: extreme light-weight products
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Siemens acquires majority
stake in UK-based AM
producer Materials Solutions

GE outlines plans to invest
$1.4 billion to acquire Arcam
and SLM Solutions

Siemens has acquired a majority stake in Materials
Solutions Ltd., a specialist metal Additive Manufacturing
parts maker based in Worcester, UK. Siemens now holds
85% of the shares, with the remaining 15% held by the
founder of the company, Carl Brancher. The move follows
the announcement in August 2015 that Siemens Venture
Capital acquired a minority stake (14%) in the company.
Financial details of the deal were not disclosed.
“With the acquisition of Materials Solutions, we are
able to secure world-leading expertise in materials and
AM process development with focus on high-temperature
superalloys. The company’s strength is to turn models into
high quality components in record time. Clearly Materials
Solutions fits perfectly within our vision for growth and
application of advanced technologies within our Power &
Gas portfolio,” stated Willi Meixner, CEO of Siemens Power
and Gas Division.
“We are very proud to become a part of Siemens,” stated
Carl Brancher, CEO of Materials Solutions. “I am sure our
know-how and experience will make a significant contribution to Siemens’ Additive Manufacturing strategy. Materials
Solutions is developing the applications know-how and a
supply chain for the world’s most advanced engineering
companies – delivering processes and precision parts
from 3D CAD models, using software, lasers and metal
powders,” added Brancher.
A specialty of Materials Solutions is making turbomachinery parts, particularly high temperature applications
for gas turbines where accuracy, surface finish and
the highest quality of the materials is critical to ensure
operational performance of the parts in service.
Siemens extensively uses AM technology for rapid
prototyping and has introduced serial production solutions
for the manufacturing of small fuel mixers and for the rapid
repair of burner tips for mid-size gas turbines. Siemens in
Finspång, Sweden, began using AM technology in 2009 and
opened a production facility for metal AM components in
February 2016. The first 3D printed burner component for a
Siemens heavy-duty gas turbine is in successful commercial operation in a power plant in Brno, Czech Republic.
www.siemens.com
www.materialssolutions.co.uk

On September 6 GE Aviation announced plans to acquire
two leading suppliers of Additive Manufacturing equipment, Sweden’s Arcam AB and Germany’s SLM Solutions
Group AG, for $1.4 billion. Arcam invented the Electron
Beam Melting machine for metal AM, whilst SLM
Solutions is a leading manufacturer of laser-based metal
AM machines. Both companies also have interests in
metal powder production. Our full report on this and the
development of AM at GE can be seen on page 61.
www.geaviation.com
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A robot automatically polishes a
nozzle component (Courtesy GE Oil &
Gas)
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.the art of LaserCUSING®
Arcam subsidiary AP&C
begins construction of
second metal powder plant
Arcam AB has announced that its powder manufacturing
subsidiary AP&C in Montreal, Canada, has begun to
build its second powder plant in Saint-Eustache, Québec.
AP&C, a producer of plasma atomised metal powders
for Additive Manufacturing and Metal Injection Moulding,
plans to invest up to CAD 31 million in this second
powder facility, creating 106 new jobs in addition to the 85
people currently employed within the next three years.
“The need for high end titanium powder is driven by
the fast growth and adoption of Additive Manufacturing.
Arcam is determined to serve the industry through cost
efficient solutions thus converting traditional manufacturing into Additive Manufacturing. A requisite is to offer
highest quality powder for production at competitive
cost,” stated Magnus René, CEO of Arcam.
“This investment makes it possible to provide our
existing and future clients with superior quality powders
to meet the high manufacturing standards of the aerospace and orthopaedic industries,” added Alain Dupont,
President of AP&C. “With this new powder production
facility and advances in atomisation technology, AP&C
will significantly increase capacity.”

Conformal cooling for
casting tools in extremely
wear-resistant metals.

www.vbncomponents.com
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The ground-breaking ceremony for the company’s new
plant in Saint-Eustache, Québec
AP&C benefited from the support, advice and financial
assistance of Canada Economic Development, Montréal
International, Investissement Québec and the Québec
Ministry of Economy, Science and Innovation in moving its
expansion project forward. “Without the involvement from
both the federal and provincial governments, our project
would have been difficult to carry through at this speed,”
Dupont added. “Our points of contact were receptive to
our needs and showed keen knowledge of the issues and
challenges facing our industry.”
www.advancedpowders.com | www.arcam.com

LPW moves into metal
powder production with
£20 million expansion
LPW Technology Ltd, based in Runcorn, UK, has
announced plans to invest over £20 million in a new UK
based facility to manufacture metal powders for the
Additive Manufacturing industry. It was stated that the new
facility will create more than 120 new jobs by 2018.
“We have been first to market in this developing
industry. With our ambitious growth plans and the support
of our amazing staff we now aim to be a truly engineering
company,” stated LPW’s CEO Dr Phil Carroll. “Our new
facility will ensure the North West is at the forefront of
materials for this new and exciting industry by exporting
our products worldwide.”
LPW’s powders are used to manufacture a wide range
of products from aerospace turbine components and
engine parts for Formula 1 cars to medical implants such
as artificial hips. In addition to developing and supplying
metal powders for AM, LPW’s PowderLife products
include powder handling, testing equipment and quality
control software for industrial users of AM systems.
As well as a head office in Runcorn, LPW has a separate R&D facility at STFC Daresbury Labs in Warrington,
UK, a fast growing facility in Pittsburgh, USA, an office in
Germany and a network of resellers around the world.
www.lpwtechnology.com
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Our business is built on
a foundation of speed,
efficiency, and delivering
a superior quality of parts.
Concept Laser metal
powder-bed systems
provide us with the ability
to deliver on that promise
to our customers.
ROB CONNELLY
VP of Additive Manufacturing
Proto Labs

Improve Your Bottom Line By Building
Metal Parts With Rapid Speed
Concept Laser is the global leader in the design and

manufacture of powderbed-based laser metal additive
manufacturing systems. With over 15 years of design
production experience, Concept Laser has the right
solution for your laser metal manufacturing needs.
Concept Laser Inc (USA)
info@conceptlaserinc.com
T: + 1 (817) 328-6500
www.conceptlaserinc.com

Concept Laser GmbH
info@concept-laser.de
T. +49 (0) 9571 1679-0
www.concept-laser.de
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Norsk Titanium to build
world’s first industrial-scale
aerospace AM plant

Pushing your imagination
Höganäs’ proprietary technology Digital Metal® is making great strides into territories
previously ruled by conventional manufacturing technologies. High productivity
has brought our 3D metal printing services into large series production.
However, Digital Metal does not only provide a cost-effective way of manufacturing
small, complex metal parts not achiveable through any other technology. It is also an
ideal solution for the production of mass-customised components, or flexible serial
volumes. Every single part in a batch of components can be custom-made, no
matter the number.

What’s so good
about it?
n High productivity
n Excellent surface quality
n High resolution
n Serial production
n Mass-customisation
n Repeatability

So, yes, it is time so start thinking beyond imagination.

Inspire industry to make more with less. www.hoganas.com/3dprinting

Norsk Titanium AS has announced that the State of
New York, USA, in partnership with the State University
of New York (SUNY) Polytechnic Institute, has placed
an order for twenty of the company’s MERKE IV™ Rapid
Plasma Deposition™ machines in a deal that will create
what is claimed to be the world’s first industrial-scale
metal Additive Manufacturing plant.
The order is in accordance with an approved state
budget allocation that will enable Norsk Titanium’s US
subsidiary to build and operate the world’s first Rapid
Plasma Deposition™ factory in Plattsburgh, New York,
USA. The new facility is expected to be operational by
the end of 2017. A $125 million New York investment
in the Norsk Titanium US Plattsburgh factory was
approved in the 2016-2017 State budget. Under the
terms of the deal, Norsk Titanium US will provide
additional investment into the Plattsburgh operation that
is anticipated to bring the total program commitment to
the $1 billion dollar level over the initial 10-year period
of operations.
“We are proud to be a part of the unwavering vision
and leadership of Governor Cuomo and are moving
forward in support of his efforts to revitalise upstate
New York with jobs, technology and community pride,”
stated Norsk Titanium Chairman of the Board John
Andersen, Jr. “Our researchers have spent ten years
pioneering the Rapid Plasma Deposition™ process that
is now ready to cut millions of dollars in cost from the
world’s premier commercial and military aircraft, and
with the foresight displayed in other sectors, the State of
New York is the ideal place to launch this manufacturing
revolution.”
Norsk Titanium’s proprietary RPD™ process works
by feeding titanium wire into a set of plasma torches
protected by a cool argon environment that has made
it possible to replace legacy forged parts, which take
months and even years to develop and produce, with
precision, additive manufactured components. Norsk
Titanium RPD™ components have equivalent strength to
forgings, but are delivered inexpensively and efficiently,
with unprecedented part cost and design-to-market
speeds.
“Today marks the beginning of a new era in the way
aircraft, marine vessels, automobiles, spacecraft and
many industrial products are designed and built,” added
Norsk Titanium President & Chief Executive Officer
Warren M. Boley, Jr. “Not only are we creating jobs,
huge economic impact and great visibility for the wider
Plattsburgh community, we are also making history by
kicking off a new phase of on-demand, near-net-shape
manufacturing that sets a new benchmark of efficiency
and customer responsiveness.”
www.norsktitanium.com
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Manufacturing
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& Autosport
Nickel superalloys including:
CM247LC, Inconel 625,
I718, Titanium alloys,
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2016 CAPACITY
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2 × EOS 400×400mm

AS9100 Rev C
& Major Approvals

+44 (0)1905 732160
www.materialssolutions.co.uk
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Certified aerospace quality
for metal AM at Airbus
APWorks

Experts in
Additive Metal
Manufactruring
3D Metal Printing
•

Titanium T64

•

Inconel 718

•

Inconel 625

•

Cobalt Chrome

•

Aluminum AlSi10Mg

•

17-4 Stainless Steel

•

Maraging Steel MS1

Airbus APWorks GmbH, Munich, Germany, has
announced that it is now certified by TÜV Süd in order
to meet the highest security standards required by the
aerospace industry. The EN 9100 is a prerequisite for
becoming an aerospace supplier. The qualification is
also important for customers from the industry sectors
such as automotive, robotics, mechanical engineering
or medical technology to have documentations and
sample inspections as prerequisites for serial production, stated the company.
APWorks, being a certified company, confirms that
quality requirements of its own processes and products
are fulfilled and are continuously improving. A gapless,
traceable documentation of the entire supply chain
of a product is required with an integrated document
management system. Another essential prerequisite is
a risk management system as well as the implementation of standardised company processes.
Certified companies, such as APWorks, are making
initial sample inspections for quality assurance. These
initial sample inspections include destructive and
non-destructive testing on the effective loads of a part.
These tests include, but are not limited to, tensile tests,
CT Scans and X-rays. APWorks received the certificate
for engineering and production of metallic products and
sales of metallic powders for Additive Manufacturing.
www.apworks.de

Erasteel achieves EN9100
certification for aerospace
AM powders

810 Flightline Boulevard
DeLand, FL 32724 Phone: (386) 626.0001

www.3dmaterialtech.com
10
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Erasteel has announced that Metallied, the company’s
metal powder production facility for Additive Manufacturing powders, located in Irun, Spain, has recently
added EN9100 accreditation to its existing ISO 9001
quality standard.
The achievement confirms the company’s strong
commitment to quality in the aerospace industry
which has been a core business of Aubert & Duval,
a sister company of Erasteel, for many years. The
stringent requirements of this standard will also benefit
customers in other markets, the company added.
Erasteel develops and produces its Pearl® Micro
metal powders for use in Additive Manufacturing
systems. The metal powders offer high flowability in a
wide range of standard and customised compositions.
www.erasteel.com
www.aubertduval.com
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On the leading edge of
metal powder manufacture
With over 35 years’ experience in gas atomisation, Sandvik Osprey offers an
extensive range of high quality, spherical metal powders for use in Additive
Manufacturing. Our products are used in an increasingly diverse range of
applications including automotive, dental, medical, tooling and aerospace.
Our extensive product range includes stainless steels, nickel based
superalloys, maraging steel, tool steels, cobalt alloys, low alloy steels and
binary alloys.
Using gas atomised powders can enhance your productivity and profitability:
contact our technical sales team today for more information.

Sandvik Osprey Limited
Milland Road Neath SA11 1NJ UK Phone: +44 (0)1639 634121 Fax: +44 (0)1639 630100
www.smt.sandvik.com/metalpowder e-mail: powders.osprey@sandvik.com
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DESIGN THE DIFFERENCE
Sentrol launches new metal
Additive Manufacturing
machine to compete on
global stage

InssTek and Z3DLAB
to offer materials for
aerospace part repair and
medical implant markets

Sentrol Co., Ltd, Korea, has announced the launch
of the Sentrol 3D SM350 metal AM system aimed
at commercial part production. The company also
announced the launch of a new sand based system, the
Sentrol 3D SS400(G).
The SM350 is a metal AM machine based on Selective Laser Melting technology and can build metal
objects up to 350 mm in diameter and 330 mm in height,
at least 30 mm taller than the previous SM150 model.
Suitable metal powders include titanium, inconel, cobalt
chrome, stainless steel, maraging steel and more.
Seong Hwan Choi, CEO of Sentrol, stated that the
launch of these new models would serve as a stepping
stone for high-quality Korean AM machines to be
noticed internationally and to compete against global
players in the market. “With our metal 3D printers we
plan to aggressively expand into industry sectors such
as aviation, medical device, shipbuilding, construction
and electric vehicle,” he stated.
www.sentrol.net

South Korea’s InssTek and France’s Z3DLAB have
announced their intention to offer ZTi-Powder® and
ZTi-Med® materials on InssTek product lines aimed at
the repair of used parts in the aeronautic sector and
the medical orthopaedic implant markets.
InssTek is a specialist in Direct Metal Tooling (DMT)
technology which has been successfully used to repair
parts of the F-15K fighter jets belonging to the South
Korean Air Force. Z3DLAB develops and supplies
AM materials for advanced engineering applications.
The company’s flagship ZTi-Powder is an enhanced
TA6V powder, developed for additive powder bed
SLM and being up to 50% harder and more resistant.
It is claimed that Z3DLAB’s ZTi-Powder and DMT
technology from InssTek will provide a more advanced
repair compared to regular TA6V, increasing the life of
the repaired parts by up to 30%.
InssTek metal surface coatings applied to
orthopaedic implants allow a three-dimensional
interconnected array of pores throughout the coating
thickness, which in turn helps to promote bone
tissue ingrowth and provide long-term stability of the
implant.
www.z3dlab.com
www.insstek.com

HK technologies, inc.

Airbus APWorks Light Rider

AN AFFILIATE OF

Hoeganaes to form joint
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produce titanium powder
for Additive Manufacturing
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Perform Liquid/Solid Separation
Handle Screening Dry or Wet Materials from 5 Micron to #10 Mesh
Increase Sieving Rates and Utilize100% of the Screen Deck
Surface with HK Technologies Ultrasonics Deblinding System
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GKN Hoeganaes has agreed to enter into a joint
venture agreement with TLS Technik to manufacture
titanium powders in North America for Additive
Manufacturing applications. It was stated that the new
facility is planned to open in 2017.
TLS is located in Bitterfeld, Germany and has 20
years of experience manufacturing titanium powder.
The new joint venture complements GKN’s previously
announced powder R&D efforts in Cinnaminson,
New Jersey, and provides its customers with a North
American source for titanium powders especially for
the growing aerospace and medical markets.
GKN Hoeganaes, a subsidiary of GKN Powder
Metallurgy, is a producer of metal powders for structural components with metal powder manufacturing
facilities in the United States, Europe and Asia.
www.hoeganaes.com
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Designed for 3D Printing with Simulation-driven Innovation™
Airbus APWorks combined topology optimization and additive manufacturing to manufacture
a 3D printed product leveraging its weight and performance potential.
Design inspired by nature, simulation-driven design, and the freedom of direct modeling
paved the way for a winning product. Learn more at altair.com/design4am

Visit us at formnext! November 15 - 18 | Frankfurt/Germany | Hall 3.1 | Booth E50
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Metal AM website
re-designed

Renishaw opens dedicated healthcare
facility at its South Wales site

Metal AM magazine’s website has
been re-launched with a number
of significant visual and technical
upgrades. The updated website has
been designed around a user-friendly
interface, allowing it to fully adapt to
the different screen sizes found in
mobile and desktop devices.
As well as featuring the latest
industry news, an archive of back
issues of Metal AM offers anyone
with an interest in AM technology to
download past copies of the magazine
in PDF format, free of charge.
There is a section of the site
dedicated to providing an introduction
to AM technology, as well as an
industry events listing. The site also
features more flexible advertising
banner options, allowing companies
to reach their market with a much
clearer and more visual campaign.
www.metal-am.com

Renishaw plc has announced a new
Healthcare Centre of Excellence
at its Miskin site, located close to
Cardiff, South Wales, UK. The centre
provides a facility for the manufacture
of custom medical devices as well
as education and training for the life
sciences community. It highlights
the company’s continuing technology
advances for the healthcare sector,
including patient-specific implants,
dentistry and neurosurgery. There is
a mock non-sterile operating theatre
and facilities for education, training,
workshops and lectures, plus a
facility for the manufacture of class 3
custom medical devices produced on
Renishaw metal AM machines.
The manufacturing facility within
the Healthcare Centre produces
custom medical devices under an
ISO13485 quality management
system. The company’s extensive

manufacturing knowledge combines
with its latest metal AM machines
to enable the precision production
of dental frameworks, craniomaxillofacial patient specific implants, jigs
and guides.
Renishaw’s metal AM systems
are made at the Miskin site in a
production hall adjacent to the
Healthcare Centre. Manufacturing
of metal components, electronic
sub-assemblies and healthcare R&D
activities are also undertaken on-site.
A demonstration area within the
Centre also showcases Renishaw’s
full range of metrology and
healthcare technologies, including
Raman spectroscopy instruments,
neurological products and therapies,
dental scanners and frameworks,
molecular diagnostics and additively
manufactured implantable devices.
www.renishaw.com

Visit us at:
formnext 2016

Metal Additive
Manufacturing

Hall 3.1 Booth E.88

citim is a service provider specialized in
Additive Manufacturing for prototypes and
production parts.
Furthermore, all services are brought together in one place covering the whole production chain: part design, printing process,
CNC machining and post processing. citim
has its own development capacities for new
materials and parameter optimization.
The service bureau is a leading supplier for
metal AM components with production facilities in Europe and North America.
Now get the benefit from our experience
and our know-how, worldwide and over numerous business segments.

Materials
•
•
•
•
•
•
•
•

Aluminium (AlSi7Mg, AlSi10Mg, AlSi9Cu3)
Aluminium - Scalmalloy®
Cobalt Chrome (CoCr)
Copper Alloy (CuNi2SiCr)
Inconel (IN625, IN718)
Stainless Steel (316L, 17-4, 1.4859)
Titanium (TiAl6V4)
Tool Steel (1.2709)

For more information visit our website
www.citim.de/en and www.citim-am.com
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citim GmbH

citim AM, Inc.

Steinfeldstrasse 7
39179 Barleben | Germany
Phone: +49 (0) 39203-5106-0
E-mail: info@citim.de

1590 N Roberts Rd NW | Suite 113
Kennesaw | GA 30144 | USA
Phone: +1 770-575-2899
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| contents page | news | events | advertisers’ index | contact |

Industry News

COMPLEX
PARTS WANTED

Altair to reveal new design
processes and software tools
for Additive Manufacturing

Altair, headquartered in Troy, Michigan, USA, has
announced it will showcase the latest versions of its software at this year’s formnext powered by TCT, in Frankfurt,
Germany, November 15-18. The company will display its
Metal Laser Melting at toolcraft
simulation software suite HyperWorks® 14.0, concept
design and optimisation tools solidThinking Evolve® and
Inspire® 2016, highlighting new design processes for the
development and manufacturing of innovative products.
TOOLCRAFT – YOUR PARTNER
In addition, Altair and its customers will also present
FOR TOTAL SOLUTIONS
their projects developed with Altair’s software solutions.
IN METAL LASER MELTING
Highlights at the booth will be Altair’s Simulation-driven
++ Proven in high-end markets such as aerospace and
Innovation™ approach, the development process chain
motor sport. ++ For even the most complex geometries.
of the Airbus APWorks’ Light Rider, the world’s first
++ From super alloys of all kinds, including high-strength
prototype of an additive manufactured electric motorcycle,
Scalmalloy®. ++ No tooling, time saving and energy
the 3D printed antenna bracket by RUAG Space and the
efficient. ++ Now also with multi-laser equipment for
entire development and manufacturing processes of a
enhanced productivity.
cast aluminium component, developed jointly with Altair’s
partners HBM nCode and voxeljet.
More details and brochure:
The frame design of the Airbus APWorks’ Light Rider
www.toolcraft.de/en/metal-laser-melting
that will be displayed at the event is an example of the
symbiosis of topology optimisation and Additive Manufacturing. Its structure is based on optimisation results
generated with Altair’s OptiStruct® technology, supported
by HyperMesh® for pre-processing tasks such as meshing
and HyperView® for post-processing the analysis results.
The cast aluminium component also to be displayed
at the booth was designed and optimised with Inspire,
then nCode DesignLife was applied to conduct a fatigue
analysis and finally solidThinking’s Click2Cast® software
was used for a casting simulation. The created design
resulted in a casting mould, 3D-printed by voxeljet. This
process ensured that the component benefited from all of
and
Quality
VISIT US AT Process Control
Hall 3.1
| Stand
J45 Assurance Software for Additive Manufacturing
the positive characteristics that 3D printing and casting
An integrated, interactive system that
offer.
combines inspection, feedback, data
FEATURES
“We are very
much looking forward to presenting our
collectionProcess
and critical
analysis.
Control
and Quality Assurance Software
for Additive
Manufacturing
• Third
party
QA
solutions,
including
ourindependent
Simulation-driven
Innovation
Platform independent
FEATURES
approach at•formnext,”
stated Mirko Bromberger, Director
• Stand-alone
or embedded Strategies at Altair
• Third party independent QA
Marketing and
Additive Manufacturing
FEATURES
installations
• Platform independent
Engineering.• “Additive
manufacturing
is making headlines
Third party independent QA
• In-process
layer bydiscover
layer
• Stand-alone or embedded installations
across industry
as
companies
and take advan• Platform independent
• In-process layer by layer
tage of the inherent flexibility as well as the potential
• Stand-alone or embedded
BENEFITS
weight advantages
the method offers, when combined
installations
BENEFITS
Provides objective
with design ••optimisation
techniques.
In-process layer
by layer As we will present
• Provides objective evidence of compliance to
evidence
of Light
compliance
with
the
example
of
the
Rider, when topology
design intent
to design intent
optimisation
and
Additive
Manufacturing
are combined,
• One system plant-wide
•BENEFITS
One system plant-wide
it
is
possible
to
produce
a
structure
that
is
lighter and
• Production optimization
Provides objective
•• Production
optimization
stiffer
than
a
traditionally
manufactured
part.
The visitors
• Early defect detection
evidence of compliance
Early defect detection
• Scrap reduction and increased yield
to formnext •can
expect
a
very
broad
and
informative
to design intent
• Scrap reduction
and for the different producprogram, highlighting
solutions
• One system
plant-wide
increased yield
tion and engineering
disciplines.”
• Production optimization
 +1 TM
505 438 2576
Visit Altair
at formnext,
hall 3.1/booth E 50 and at the
• Early
defect detection
®
 The system pairs PrintRite3D SENSORPAK multi-sensors and
TCT
conference
programs
in
hall 4.2.
hardware with PrintRite3D® INSPECT TM, PrintRite3D® CONTOURTM
• Scrap reduction and
®
TM
www.altair.com
increased yield
and PrintRite3D ANALYTICS software modules for comprehensive

An integrated, interactive system that
combines inspection, feedback, data
collection and critical analysis.
An integrated, interactive system that
combines inspection, feedback, data
collection
and critical analysis.
management of AM processes.

 The system pairs PrintRite3D® SENSORPAK TM multi-sensors and
®
®
TM
INSPECT TM, PrintRite3D
CONTOUR
PrintRite3D
Metal with
Additive
Manufacturing
| Autumn/Fall
2016
16 hardware
TM
software
modules
for
comprehensive
and PrintRite3D® ANALYTICS
Sensors & Hardware
management of AM processes.

If it´s thinkable, we
make it buildable.
Leading gases and solutions for
Additive Manufacturing.

Industrial gases drive additive manufacturing. From powder production through
manufacturing to finishing and fine-tuning: Industrial gases, process gas mixtures and
application know-how play a key role in Additive Manufacturing.
Linde is shaping the future of AM with customised gas supply solutions and process
technologies developed in partnership with customers, OEMs and R&D institutes.
Linde – ideas become solutions.

www.lin

info-additivemanufacturing@linde.com
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Prodways developing a new
metal AM technology

Optomec launches metal AM
option for CNC platforms

Prodways, Les Mureaux, France, has announced it is
developing a new metal Additive Manufacturing process
using metal powder combined with organic binders. The
company’s R&D team has been collaborating on the
project for two years with France’s CEA-LITEN and the
first successful production of titanium parts using this
new process has now been announced.
Prodways claims that if it were to be ramped up to
series production scale this new technology would offer
substantial advantages compared to the highest performance methods currently in use. The technology is said to
offer a printing process that is up to five times faster than
direct metal Additive Manufacturing and has the ability to
work with all types of metals (including titanium, inconel,
cobalt-chrome, etc.). “We are still facing numerous
challenges in development, but this first successful
production, the result of a two year research study, is a
major step forward,” the company added.
Prodways obtained its first conclusive results in
refining the process by using MOVINGLight® technology, a
photopolymerization process for producing prototypes or
functional parts with very high resolution and at very high
speeds, by polymerising the photosensitive resins.
www.prodways.com

Optomec, based in Albuquerque, New Mexico, USA, has
launched a new machine tool series that integrates the
company’s LENS metal Additive Manufacturing technology into conventional CNC vertical milling platforms.
The system is said to offer the industry’s first Hybrid VMC
controlled-atmosphere system.
Optomec’s new LENS machine tool series combines
CNC platforms from Fryer Machine Systems with LENS
print engine technology. It includes three standard
configurations designed to reduce manufacturing
process times and costs while enabling improved end
product performance and rapid design changes. The first
configuration offers a LENS 3D Metal Additive System
with open atmosphere processing. The second version
is the LENS 3D Metal Hybrid VMC System, combining
additive and subtractive operations on the same machine.
Thirdly, the LENS 3D Metal Hybrid VMC Inert System
provides an atmosphere-controlled environment to extend
hybrid manufacturing capabilities for reactive metals
and aluminium. The system can maintain oxygen and
moisture levels at less than 40 ppm by replacing the
upper enclosure of the CNC machine with a proprietary
hermitically-sealed chamber and gas purification system.
www.optomec.com

Smit Röntgen offers 3D printed pure tungsten parts for industrial applications
Via Powder Bed Laser Melting we are able to seamlessly accommodate to

A few examples are:

individual customer needs for both existing and new products. With our

• Radiation shielding / collimation solutions

in-house technical know-how we support you in optimizing your product

• Beam shaping

design for additive manufacturing. Our 8 year exclusive focus on pure tungsten

• Thermal applications

3D printing ensures superb accuracy, reliability, product flexibility and quality.

• Balance weights
• Non-magnetic parts and many more...

We strive to create added value for the Metal Additive Manufacturing industry
by remaining highly focused on innovative product and process development.

Smit Röntgen is the first EOS GmbH service provider for pure tungsten parts.

Powder Bed Laser Melting offers great freedom of design and facilitates
geometric complexity and flexibility. Therefore part variations are endless.
You can contact us directly via email or telephone: smitroentgen@philips.com / + 31 40 27 62 707
For more information, please visit us at: www.smitroentgen.com
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Renishaw Solutions Centres...
lowering the barriers to Additive
Manufacturing
UK

Stuttgart
Shanghai

Chicago

Toronto
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Industry News

Osaka Titanium to focus on powder
for Additive Manufacturing
Osaka Titanium Technologies Co. Ltd.,
headquartered in Amagasaki, Japan,
is expanding its range of titanium
powders suited to metal Additive
Manufacturing processes. Following
external testing and evaluation,
the company’s TILOP grade of gas
atomised spherical titanium powder is
now available for AM systems. Osaka
Titanium stated that it is also focussing on its TILOP64 grade for AM, a
Ti-6Al-4V powder produced using a
unique premixed atomisation process.
Osaka Titanium is one of the
largest manufacturers of titanium
products in the world, having begun
commercially manufacturing titanium
in Japan in 1952. As well as titanium
sponge and titanium ingots, the
company has made its TILOP gas
atomised titanium powder for the
Metal Injection Moulding, Powder
Metallurgy and spray forming
industries for over 20 years.

Taking advantage of the company’s
experience and knowledge of titanium
sponge and powder manufacturing
technologies, Osaka Titanium stated
that it aims to proactively develop the
market for titanium powder for AM,
both at home and abroad, in response
to the varied needs of the industry.
AM systems capable of processing
titanium powder can vary widely,
employing different melting methods,
requiring different powder sizes
and having different powder supply
methods. As well as these differences, consideration has to be given
to the shape of the end component
and intended end-use sector. As the
technological development of Additive
Manufacturing systems is progressing
rapidly, Osaka Titanium states that it
is committed to continue developing
its powders to suit future AM requirements.
www.osaka-ti.co.jp

EPMA announces
project on quality
tests for SLM
metal powders
The European Powder Metallurgy
Association (EPMA), in partnership
with Fraunhofer IFAM, Bremen,
Germany, has announced a new
version of a Club Project proposal
entitled Quality Test for Selective
Laser Melting Powder (SLM-POWD).
This project proposes to address
three objectives. It will study the
applicability of a metal powder
for the Selective Laser Melting
process, set up a guideline on how
to characterise and specify metal
powders for SLM and set up a
guideline on how to find the right
laser parameters to process powder
with SLM.
A full description of the project
is available at www.epma.com/
projects
www.epma.com

Introducing New Materials for Binder Jet Printing

Here’s how Stainless Steel BLDRmetal™
J-10 compares to AISI 420 (DIN 1.4021)*

3X wear resistance
3X impact resistance

Renishaw Solutions Centres - your pathway to innovative AM products
Renishaw Solutions Centres provide a secure development environment in which you can build your knowledge and confidence
using metal AM technology.

OUTPERFORM

Equipped with the latest metal AM, machining and metrology systems staffed with knowledgeable engineers, a Solutions
Centre offers you a fast and accessible way to rapidly deploy this exciting technology in your business.
Renishaw will support you throughout your investigation and business case development process, helping you to optimise your
design, build your confidence in the process, and gain the evidence you need to make investment decisions.

*both metals infiltrated with bronze

For more information visit www.renishaw.com/solutionscentres
LEARN MORE ABOUT NANOSTEEL BINDER JET POWDER AT:
NANOSTEELCO.COM | 877.293.6266 (NANO)
Renishaw plc Brooms Road, Stone Business Park, Stone, Staffordshire, ST15 0SH, United Kingdom
T +44 (0)1785 285000 F +44 (0)1785 285001 E additive@renishaw.com

www.renishaw.com
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Automated sieving technology
streamlines metal powder handling for
Additive Manufacturing process
Farleygreene, based in Hampshire,
UK, is a designer and manufacturer
of state of the art sieving equipment
and technologies. The company has
announced a new metal powder
sieving system that it is targeting
specifically at the Additive Manufacturing industry. The company’s Sievgen
unit offers an ultrasonic screening
system with inert atmosphere for
classifying and recycling of metal
powders pre and post build.
Sieving as a process has been
around for many years, providing
traditional industries with their
screening needs. Taking the successes
and lessons learned from previous
projects, coupled with Farleygreene’s
40 years of expertise, Sievgen is said to
bring powder handling in-line with the
high end AM machines on the market
today. “The irony of this high-tech
industry is that it requires a great deal

of ‘hands-on-hours’ throughout the
process, especially in what’s seen as
the ‘dirty’ practice of powder handling.
Both production and powder costs
are decreasing whilst skilled labour
is of course expensive and, for many
companies, this is the limiting factor,”
stated David Buckley, Sievgen Product
Manager at Farleygreene. “The way to
combat this is to bring the mechanisation of this ‘dirty’ side of the process
up to the advanced level of equipment
that exists within AM machines
themselves.”
With the high costs involved in using
different media types this new system
gives the user a quality assured powder
for first time use, with the added
benefit of reclaiming used powders
where permitted. This unique product is
capable of high-throughputs at very low
operational cost due to its ease of use
and automation of the process.

Sievgen offers combined sieving
and conveying, the former under an
inert atmosphere in order to keep
the process safe. The working parts
of the machine are enclosed within a
mobile, stylish and streamlined shell.
A touchscreen houses the Siev-Metric
control software regulating the amount
of powder processed, strength of sieve
vibration, and controlling the ultrasonic
generator and powder loading pneumatic transfer system. Siev-Metric also
logs the amount of powder processed,
allowing for batch control by material.
When in normal use the system
provides for a completely sealed and
dust tight process. The feed hopper
is docked into place to feed the sieve
unit with a self-sealing interface and
the media is introduced through an
internal metering device to ensure
the optimum screen dwell time to
recover as much useable material as
possible. Oversize powder is continuously removed and ‘good’ product
falls through the ultrasonically excited
mesh.
www.farleygreene.com

Atomized Metal Powders and Alloys
H.C. Starck offers a wide variety of high-alloyed gas atomized metal powders, as well as customized solutions for
all Additive Manufacturing processes.
> Extensive product portfolio
> Constant quality
> Homogenous particle size distribution

> Identical morphology
> Optimized for all AM processes
> Flexible production quantities

Please contact us to learn more about our unique capabilities for customized
powder development both for R&D and large scale production.
Additive.Manufacturing@hcstarck.com
www.hcstarck.com
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Linde launches advanced oxygen
measuring technology for AM
Linde Gases, a division of The Linde
Group, has announced the launch
of its ADDvance™ O2 precision, a
measuring and analysis unit which
will enable metal additive manufacturers to analyse and control more
precisely the level of oxygen and
humidity in the build chamber.
The new technology, which
has been developed in response
to a need identified by aerospace
company Airbus Group Innovations,
can detect oxygen levels down to 10
parts per million (ppm) in the build
chamber and then modify the gas
atmosphere by adjusting the level of
argon or nitrogen.
The presence of too much
oxygen or humidity can pose a
challenge as it can negatively
impact the quality and performance
of the item being manufactured. In
addition to ADDvance™ O2 precision

allowing for more accurate levels
of oxygen and humidity, it does so
without cross-sensitivity effects and
ensures a constant level of oxygen
during the process.
The launch comes on the back
of Linde’s recent opening of a
dedicated industrial gases laboratory for Additive Manufacturing
in Unterschleissheim, Munich,
Germany. The focus of the laboratory is to research the effect of
different atmospheric gases and
gas mixtures on the different
metal powders used in Additive
Manufacturing in order to optimise
the various layering processes.
Reproducibility is one of the most
important parameters for industries
requiring strict consistency in end
product, such as the aerospace and
automotive industries. ADDvance™
O2 precision is an effective solution

to improve reproducibility and
through its new research facility
Linde states that it will continue
to lead research into how oxygen
and humidity impact the additive
manufacturing process.
“Linde has always played a
leading role in developing new technologies for our customers in order
to improve the efficiency of their
production processes and quality
of output,” stated Pierre Forêt,
responsible for Additive Manufacturing R&D at Linde. “That Airbus
Group Innovations selected Linde to
work with them to overcome such a
challenge in the pioneering area of
Additive Manufacturing is testament
to Linde’s technical competence
and innovative spirit.” ADDvance™
O2 precision was unveiled at Linde’s
exhibition stand at the World
PM2016 Congress and Exhibition,
Hamburg, Germany, earlier in
October.
www.linde.com

Specialized
in AM Metal Materials










LIN

Dedicated Metal AM Materials:
•
•
•
•
•
•
•
•
•
•

Aluminum AlSi10Mg
Cobalt Chrome MP1
lnconel 625
lnconel 718
Maraging Steel MS1
Nickel Alloy HX
Stainless Steel 316L
Stainless Steel 15-5
Stainless Steel 17-4
Titanium Ti64

Materials Under Development:
• Copper
• Aluminum
• Tooling Steel

Cobalt-Chrome Alloys Powders
Titanium & Titanium Alloys Powders
Stainless Steel Powders
Nickel based Alloys Powders
Customized Powders

AEROSPACE• DEFENSE • SPACE
ENERGY• OIL & GAS• MEDICAL
EMERGING MARKETS
IS09001 • AS9100
ISO/TS16949 • ISO 13485

Since MTI foundation, we devote our
enthusiasm to Metal Additive
Manufacturing community.
VISIT US AT
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RAMS

A Moog Company

Turnkey Component Solutions
Linear AMS has more than a decade of innovative Additive
Manufacturing (AM) design and manufacturing expertise.
With over 20 DMLM machines, our experienced engineers and
proven processes and controls ensure every project is
precision quality.

Value-Added In-House Manufacturing Services
Our facility includes an on-site R&D center, a metrology and
material analysis lab and stress relief/heat treat ovens.
In-house X-ray µ-CT inspection, along with machining and
finishing services are also available. Conformal Cooling
technology can be incorporated delivering superior
performance molds, and ultimately higher quality parts.
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Addtitive manufacturing
materials that are a cut
above the rest.

Simufact to launch process simulation
software solution for metal AM
Simufact Engineering GmbH, a MSC
Software company based in Hamburg,
Germany, has announced the launch
of Simufact Additive, a new software
solution for the simulation of metal
Additive Manufacturing processes.
Simufact Additive is said to be a
powerful and scalable process
simulation environment for ‘right first
time’ optimisation of laser powder bed
fusion processes. Features include
simulation of all the key AM process
steps starting with ‘printing’ of the part
followed by heat treatment, cutting the
part off the build plate and removal
of support structures, plus heat and
pressure combined processes.
The company stated that initial
release of Simufact Additive will
predict the final distortion and
residual stresses of the metal parts.
The modelling is carried out using
CAD data in an innovative graphical
user interface (GUI) environment

aligned with the real process work
flow. The software offers an intuitive
approach which starts with defining
the general process by determining
the part and support components.
It continues through to definition of
manufacturing parameters up to the
analysis settings and ultimate results.
The software helps to compensate the
distortion, minimise residual stresses
and optimise the process parameters.
“Today, companies employing AM
technology for printing metal parts
have to cope with failure in their
production processes and the high
knock on costs associated with this,”
stated Michael Wohlmuth, Simufact’s
CEO. “Simufact Additive is an
important tool which will help these
companies get it ‘right first time’, by
regularly running simulations prior to
production.”
The software lays the foundation
for a wide variability and scalability

Industry News

Simufact Additive will predict final
distortion and residual stresses
through different levels of details.
This includes both a fast mechanical
method for the prediction of
distortion and residual stresses
up to a fully thermo-mechanically
coupled transient analysis. This will
determine the temperature history
and derived properties such as the
microstructure. The properties of the
final part are available for subsequent
structural simulations.
The first results of this collaboration will be showcased at formnext
2016, November 15-18, Frankfurt,
Germany.
www.simufact.com/additive

additive manufacturing

Your Simple Choice for a Perfect Result
From the CAD and Additive Manufacturing parameters:

Benefit from the difference that our materials bring to your Additive Manufactured products:
■ Ability to tailor materials for your specific needs
■ In house printing facilities to optimize materials to additive manufacturing specifications
■ Ability to produce test articles and help you to optimize your parameters
■ 80 Years of materials development and manufacturing expertise for critical applications
■ Global footprint of services and support — we are where you are!

Calculate the deformation of your part
Improve its durability and manage failure
Predict the influence of supports
Check the impact of build-up orientation

From Additive Manufacturing to the product:
• Check the effect of heat treat and machining
• Predict failure and lifetime of your final part

Distortions after additive manufacturing
calculated by Virfac® AM

© GeonX 2016

•
•
•
•

WWW.GEONX.COM

Let’s discuss your AM requirements at Formnext!
Get your free voucher for Formnext 2016
Visit us at Booth 3.1-C65, Nov 15 – 18
Frankfurt, Germany
www.oerlikon.com/pages/formnext

26

Metal Additive Manufacturing | Autumn/Fall 2016

© 2016 Inovar Communications Ltd

Vol. 2 No. 3

SAFE AREA

Hybrid Additive Manufacturing

| contents page | news | events | advertisers’ index | contact |

Industry News

Industry News

Seamless Metal Laser Sintering & Milling Process

Fraunhofer IKTS develops complex
hardmetal tools via AM
hardmetal tools using a binder jetting
Additive Manufacturing method.
The starting powders or granules
are locally wetted with an organic
binder by a print head and bound.
The challenge with this process
was stated to be achieving 100%
dense components, which have a
perfect microstructure and thus good
mechanical properties.
Hardmetals consist of a ceramic
hard phase, such as tungsten carbide,
and a metallic binder matrix of cobalt,
nickel and/or iron. By varying the
metallic binder, bending strength,
fracture toughness and hardness
can be adjusted individually – the
lower the amount of binder in the
hardmetals, the harder the tool material. The prototypes manufactured
at Fraunhofer IKTS have a binder
content of 12% and 17% by weight
and show a structure comparable to
conventional routes. “Through the use

COMPLEX GEOMETRY
3D Cooling Channels
Internal Features
HOLLOW

Additive Manufacturing allows the
inclusion of integrated cooling channels in complex hardmetal tools
of 3D printed complex green bodies
which were subsequently sintered
under conventional sintering conditions, we achieved components with a
typical hardmetal structure and 100%
density. Moreover, it is possible to
get a homogeneous cobalt distribution, thus achieving a comparable
quality to conventionally produced
high-performance cemented carbidebased tools,” stated Johannes
Pötschke, Group Leader (Hardmetals
and Cermets) at Fraunhofer IKTS.
www.ikts.fraunhofer.de

VARIABLE DENSITY
Gas Venting
Gas Assist
POROUS

LAYER MACHINING
High Aspect Features
Reduce EDM Processing
NO EDM

PROFILE MACHINING
High Accuracy
Precision Finished Parts

TIME SAVING

BLEED

Researchers at the Fraunhofer
Institute for Ceramic Technologies
and Systems (IKTS), Dresden,
Germany, have announced the
development of complex hardmetal
tools via Additive Manufacturing in a
quality that is reported to be in no way
inferior to conventionally produced
high-performance tools.
High mechanical and chemical
performance as well as a high
temperature resistance and extreme
hardness are required for tools
that are used in mechanical and
automotive engineering or in the
construction and forming industry.
Reliable cutting, drilling, pressing and
stamping tools made of hardmetals
are manufactured by uniaxial or cold
isostatic dry pressing, extrusion and
injection moulding as well as by green
shaping at Fraunhofer IKTS.
IKTS scientists have now
succeeded in producing complex

One Process Manufacture
Reduced Lead Times
TIME

600 x 600 x 500mm build area
Introducing the LUMEX Avance-60, the world's largest hybrid powder bed fusion machine. The combination
of additive technology and Matsuura's 80 years of subtractive high speed milling technology into one
seamless process, enables the production of complex, high accuracy moulds and parts.

More information at www.lumex-matsuura.com

MATSUURA Europe GmbH
MATSUURA Machinery GmbH
Berta-Cramer-Ring 21 D-65205
Weisbaden-Delkenheim GERMANY
Tel: +49 (0) 6122 78 03 - 0
Fax: +49 (0) 6122 78 03 -33
Email: info@matsuura.de
Website: www.matsuura.de
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MATSUURA Machinery Ltd
Gee Road Whitwick Business Park
Coalville Leicestershire
LE67 4NH ENGLAND
Tel: +44 (0) 1530 511400
Fax: +44 (0) 1530 511440
Email: sales@matsuura.co.uk
Website: www.matsuura.co.uk
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Nickel, Titanium, Cobalt-Chrome-Molybdenum, Tungsten
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VACUUM & CONTROLLED ATMOSPHERE TREATMENTS
for MATERIALS PRODUCED BY 3D PRINTING
• Specifically tailored to alloys prone to oxidation,
• Perfect homogeneity thanks to our resistor’s patented
design,
• Clean treatment: molybdenum heating core and metal
insulation,
• Atmosphere control during treatment (optional),
• Productivity increased thanks to an accelerated
neutral gas cooling.
ta n d ar ds
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info@ecmtech.fr
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STRESS RELIEVING, SOLUTION TREATMENT &
AGEING of ALLOYS PRONE TO OXIDATION
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It has been reported that Electron Beam Additive Manufacturing (EBAM) technology from Sciaky, Inc., a subsidiary of
Phillips Service Industries, Inc. (PSI), in Chicago, Illinois,
USA, has helped a major automotive manufacturer cut
significant time and costs with the creation and repair of
several tooling and stamping dies.
The manufacturer has used EBAM to deposit complicated tooling features, as well as perform customised
repairs and cladding operations for several high-volume
parts. Following a successful proof of concept stage, the
additively manufactured tool has now been brought into
service.
“Sciaky’s EBAM technology is not limited to titanium
parts and aerospace applications,” stated Bob Phillips,
Vice President of Phillips Service Industries, Inc. “We have
provided 3D printed solutions to customers in a variety of
industries like automotive, agricultural, defence, nuclear,
oil & gas and sea exploration using a wide variety of
metals like stainless steel, tantalum, tungsten, Inconel and
niobium.”
Sciaky’s EBAM systems can produce parts ranging from
203 mm to 5.79 meters in length, but can also manufacture
smaller and larger parts, depending on the application.
EBAM is also the fastest deposition process in the metal
additive manufacturing market, with gross deposition rates
ranging from 3.18 to 9.07 kg of metal per hour.
www.sciaky.com

ADDITIVE MANUFACTURING

IV

Automotive manufacturer
uses EBAM to reduce tooling
and die costs

FOR HEAT TREATMENT POST

L

Alcoa has announced the opening of a new metal powder
production facility for manufacturing titanium, nickel
and aluminium powders optimised for the Additive
Manufacturing of aerospace parts. The new plant,
located at Alcoa’s Technology Center near Pittsburgh,
Pennsylvania, USA, is part of a $60 million investment in
advanced Additive Manufacturing materials and processes.
In addition to producing powders, Alcoa is focused
on advancing a range of additive techniques, including
its recently unveiled Ampliforge™ process. The process
involves additively manufacturing a near complete part,
then treating it using a traditional manufacturing process
such as forging to further enhance its properties. Alcoa is
piloting the technique in Pittsburgh and Cleveland.
The new facility will form part of Arconic following
separation from Alcoa’s traditional commodity business in
the second half of 2016
www.alcoa.com

VACUUM FURNACES DESIGNED

Ce

Alcoa opens new metal
powder production facility in
Pittsburgh

Industry News

WWW.ECM-FURNACES.COM
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EOS e-Manufacturing Solutions

Elcan Industries offers screening
systems for AM process
Elcan Industries, based in Tuckahoe,
New York, USA, has reported that its
new Hi-Sifter screening machines,
originally developed for the pharmaceutical and food industries, are
proving to be well suited to the metal
Additive Manufacturing industry.
Elcan has stated that numerous
companies have successfully tested
products at its facility and have begun
purchasing the screeners. Several
positive trials on titanium powders
and other metal alloys that are used
in the Additive Manufacturing process
have proven capable of removing 15
micron and below particles, enabling
better printing performance.
The entire body and all product
contact areas of the machine are
polished stainless steel and allow
for zero contamination. The high
volume of energy being transferred to
the screen allows for hard to screen
metal alloys to flow seamlessly

through the screen. The machine has
a strong vertical vibration that allows
for high rates of efficiencies and
throughputs without any blinding.
Elcan claims that the removal
of any potential for contamination
within the machine, its explosion
proof design and high energy make
the machine the precise fit for
companies looking to add screening
machinery to their Additive Manufacturing plants.
www.elcanindustries.com

Congress on
Welding, AM and
NDT heads to Metz
The first International Congress on
Welding, Additive Manufacturing and
associated Non-Destructive Testing
(ICWAM) is to be held in Metz, France,
May 17 - 19, 2017. The congress is
co-organised by Institut de Soudure
and Ecole Centrale Nantes.
The main objective of the conference is to bring together welding
technologists, metallurgists, NDT
specialists and Additive Manufacturing researchers and end-users.
Topics covered will include flexible
fabrication, processing, specimen
design, developing constitutive
relationships, developing feedback
loop, process monitoring and control.
A call for papers has been issued
and those interested in presenting
should submit an abstract no later
than November 15, 2016.
www.icwam.com

cartech.com/powderproducts

Plastic gripper for handling of chips packages, built with EOS System
for Plastic Additive Manufacturing. (Source: Formrise)
Metal weight optimized bracket, built with EOS System for Metal
Additive Manufacturing. (Source: Airbus, Sogeti)

Shatter Manufacturing Boundaries with
industrial 3D Printing
Adapt your production to the needs of a connected world.
Whether rapid prototyping or serial production, EOS systems
allow you to manufacture innovative and high-quality parts
made of metals or plastics. We offer solutions for all
industries.

• Clean, spherical, gas atomized powders
• Consistent chemistries and particle sizes
• Uniform products and production ow rates

Visit us at
formnext, Frankfurt / Germany
15. - 18. November 2016
Hall: 3.1 / Booth: G 70

Carpenter Powder Products is one of the largest global producers
of prealloyed, gas atomized, spherical metal powders and leads the
way as a supplier for Additive Manufacturing, Metal Injection
Molding, Surface Enhancement, and Near Net Shapes/Hot Isostatic
Pressing processes.

© 2016 CRS Holdings, Inc. All rights reserved.

www.eos.info
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17-20 Nov 2016, Frankfurt, Germany

Hall 3.1 - Booth H99

BLUE POWER Atomiser AU 500 - AU 12000

PRECISION
STRAIGHT TO THE POINT

Concept Laser’s new software offers
full control of parameter settings

Materialise adds
stainless steel

Concept Laser, Lichtenfels, Germany,
is now offering advanced users of
its AM machines the option to view
and freely modify all parameter
characteristics through its CL WRX
Parameter system. The software is
directed towards users from research
institutions and industry, in particular
from the aerospace and medical
technology sectors, where the ability
to view and adjust all parameters
can help in the qualification of new
materials or products.
The CL WRX Parameter software
provides the same tools that the
development department at Concept
Laser uses to develop parameters.
The software can be stored on a PC
and can thus be edited directly. For all
material acquired from Concept Laser
the customer optionally receives the
speed parameter or quality parameter
completely open and for individual

Materialise NV has announced
the introduction of stainless steel
to its range of materials available
for Additive Manufacturing. The
metal joins a list of over 30 other
materials, including titanium
and aluminium, now available for
processing at Materialise.
The announcement follows the
recent opening of Materialise’s
new metal AM facility in Bremen,
Germany. With a global capacity of
more than 130 metal and polymer
AM systems and wide variety of
available technologies, Materialise
has grown into one of the world’s
largest and most comprehensive
providers of AM services. Since its
establishment in 1990, the company
has been closely involved and
actively contributing to the evolution
of AM.
www.materialise.com

adjustment, as far as available. The
user can now also obtain further
parameters in each case.
“CL WRX Parameter gives us the
freedom to optimise our Additive
Manufacturing for specific customers
and applications and thus exploit the
technology to its full potential. This
allows us to manufacture products for
the medical technology and aviation
sectors to the highest quality standards
and with qualified processes,” stated
Eric Wycisk, Technical Director of
Bionic Production in Hamburg. Before
the user can utilise CL WRX Parameter
Concept Laser states that training
from the company is absolutely
essential. The complex relationships
between the parameter options must
be explained in order to avoid possible
damage caused by incorrect settings in
subsequent handling.
www.concept-laser.de

Every particle of your precious alloy counts.

That‘s why we developed our AU powder atomization
units with the focus on maximum precision in each detail.

• Efficient powder production from process start to finish
• For small batches of metal powder in requested size
• 4 versions with crucible volumes from 245 ccm - 12.000 ccm
• Easy-to-clean set-up to avoid metal loss or cross contamination

NEW fication
erti

100

EN 9

• Modular availability of different nozzles to obtain specific metal powder
characteristics

c

• Temp. max. 1,600°C, with ceramic crucibles 2,000°C
• For particle sizes from 10-200 µm and for a wide spectrum of
alloys, e.g. on base of Au, Ag, Cu, Sn, Ni, Fe, Co, Pd...
• Easy functionality and handling, easy-to-change atomisation nozzle
• Optional usage of hot gas atomization

•
•
•
•

Nickel & Cobalt base superalloys, steels, other specialty alloys
Selective laser melting, electron beam melting, laser metal deposition
Customized particle size
VIM gas atomization process

Contact
powder@eramet-erasteel.com
www.aubert-duval.com - www.erasteel.com

www.blue-power.de
75045 Walzbachtal · Germany · Phone +49 7203 9218-0 · E-mail: info@blue-power.de
Vacuum Pressure Casting Systems · Melting Units · Granulation Systems · Continuous Casting Systems
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西安欧中材料科技有限公司
Sino-Euro Materials Technologies of Xi’an Co.,Ltd.

SPECIALIZED
IN POWDER
Founded in 2013, SMT is a leading company
that can provide spherical powders used in
Additive Manufacturing (AM) and traditional
Powder Metallurgy (PM) industries.

SMT PREP Powder
•
•
•
•
•
•

CP-Titanium
Ti-6Al-4V grade 5
Ti-6Al-4V ELI grade 23
IN718, IN625, EP 741NP
Cobalt Chrome
Stainless Steel

Powder characterization
• Spherical
• Non-hollow

• Satellite-free
• High Flow Rate

www.c-semt.com
market@c-semt.com
market_smt@hotmail.com
Tel:+86 29 86261802

36

Metal Additive Manufacturing | Autumn/Fall 2016

Titanium Additive
Manufacturing used to build
spacecraft valve body
SLM Solutions, headquartered in Lübeck, Germany,
has announced the completion of a titanium aerospace
component that measures 221 x 310 x 219 mm, making
it the largest part to date built in an SLM280HL system.
The standard build plate size for machines of this
class is 250 mm x 250 mm. However the SLM 280, with
its increased build plate size at 280 mm x 280 mm,
makes larger-sized parts possible. Dual 400 W lasers
help make it possible to build a part of this size in a
relatively short time frame compared to conventional
manufacturing.
“Advancements in Additive Manufacturing using
titanium are particularly critical because it is a material
that is normally very hard and thus subject to cracking
due to high residual stresses, which was the real challenge,” explained Mike Hansen, Applications Engineer
for SLM Solutions North America. “While the geometry
wasn’t particularly complex the shear mass of building
something that large in titanium with the additive
process was challenging.” The dual, overlapping laser
technology developed and patented by SLM Solutions
contributed to the success of this large titanium part.
Two lasers working simultaneously on the part in the
overlap area enabled not only a faster build but a larger
part as well. SLM Solutions carried out tests on these
overlap areas showing that there is no difference in
quality between the area built exclusively by one laser
and the area in the overlap worked on by both lasers
interchangeably.
“This part is noteworthy because of its size and the
fact that it was built out of titanium in six and a half days
with no process interruptions,” added Hansen. “The
fact that our SLM machine can operate for that period
of time, without requiring cleaning or experiencing any
interruptions, is in itself extremely significant.”
While AM tends to get attention for its ability to build
unique geometries, the nature of this component was
not particularly complex. However, producing a part of
that size in titanium in such a short time was something
that could not have been achieved had the part been
machined out of a billet. “With Additive Manufacturing
you’re not restricted to traditional tools and machinery,
so you can design in more organic shapes and the
entire cycle of designing and engineering a critical part
for the aircraft industry is condensed considerably,”
Hansen comments.
Richard Grylls, head of the applications engineering
department/North America Technical Director and a
Ph.D metallurgist, stated, “The part’s size meant that it
would have taken several weeks to machine conventionally, given that it would have required four or five setups
it would have been a costly process. Casting the part
would have taken even longer given that the tooling
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would have to be built, which could take as long as six
months. And traditional tooling is expensive. We were
far faster even though the cost was more. Still, in terms
of the total time saved the cost is worth it for a critical
part of this size.”
Hansen commented that, “meeting the stringent
quality requirements and material specifications with
titanium in highly regulated industries like aerospace
and automotive involves much testing of the materials
and optimising the parameters in order to make sure
the customer got what they needed.”
In general, aerospace requirements for inspection
are quite extensive, usually involving a CT (computed
tomography) scan to check for porosity or voids in the
part, or the customer may perform destructive testing
by cutting up the part. “We used non-destructive
testing on this part, then performed a real-world test
by mounting it on an engine in its intended use and
running it until it failed,” Hansen explained.
A recent study funded by the U.S. Department of
Energy Advanced Manufacturing Office demonstrated
that aircraft weight can be reduced by 7% by replacing
conventional means of manufacturing with Additive
Manufacturing – an impressive number for an industry
where most weight efficiency improvements are one
or two percentage points. “Within 20 years, there
will be a seismic shift in how we manufacture for the
aerospace and defence industry,” said Brian Neff,
Managing Partner of Neff Capital Management who
recently established a new company to focus on the AM
of production parts for aerospace and defence OEMs
around the world. “However, producers who do not
understand or are incapable of producing parts with
repetitive quality will not play a role in the OEM supply
chain.”
Neff’s newly established company, Sintavia, LLC, is
headquartered in Davie, Florida, USA, and produces
parts based on the exacting quality control standards
required by the aerospace and defence industry. In addition to a serial production capability, the company maintains a state-of-the-art metallurgical and metrology
lab. “We are excited to be a part of the coming industrial
revolution within the aerospace and defence industry,”
said Neff. “Over the next few years, as more and more
production is shifted to Additive Manufacturing within
this industry, serial manufacturers with exceptional
quality control, like Sintavia, will be in high demand by
the OEMs.”
Neff Capital’s funding of Sintavia included a $10
million initial capital investment, rolled out as the
company grows and develops its capabilities. To support
the production of highly complex metal parts, Sintavia
added three Selective Laser Melting SLM 280HL
systems from SLM Solutions, one with a single 400 W
laser and two with twin lasers of the same power. With
a 280 x 280 x 350 mm build envelope, the SLM 280HL
system offers options to configure a single 400 W or
700 W laser as well as dual (400 + 1000 W), or twin
(400 W or 700 W) lasers. Likewise, the system’s open
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[A] Powder Bed: Upon completion of the build the part
emerges from the lowered bed of powder to reveal the
printed geometry, [B] Build Chamber: Completed part in the
280 x 280 x 365 mm build chamber of the SLM 280HL, [C]
Spacecraft Valve Body completed build

Aerospace blades for the aerospace and defence sector
from metal AM service provider Sintavia

software controls, bi-directional loader and closed-loop
metal powder handling achieve the speed, safety and
flexibility needed to optimise strict production parameters.
As the AM industry evolves, SLM Solutions is seeing
greater demand for more and more applications. However
the materials and the process of producing these parts are
advancing so fast that the standards are quickly becoming
outdated. “We’re being contacted by more companies used
to traditional manufacturing that now need to increase
speed and throughput while maintaining quality and
want to convert conventionally manufactured parts into
Additive Manufacturing,” added Hansen. “This industry is
changing on a day-to-day basis, evolving very quickly, but
there is a disconnect between the pace of the evolution in
Additive Manufacturing and the ability of some industries
to keep pace with approving new materials and processes,
particularly the aerospace and automotive industries.”
www.slm-solutions.com
www.sintavia.com
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Autodesk launches Netfabb 2017
software for Additive Manufacturing
professionals
Autodesk has announced the launch
of Netfabb 2017, the latest version
of its popular software solution for
industrial Additive Manufacturing
professionals. Netfabb 2017
integrates design enhancement,
manufacturing preparation and build
simulation tools in one software
system that shares a common
installer, common file formats and
process definitions.
It was stated that users can
access all the software they need
to help reduce costs, increase
efficiency and improve part
performance in industrial Additive
Manufacturing production environments.
“Additive manufacturing is having
a profound impact on how manufacturers of all sizes look at product

design, production, distribution and
economies of scale,” stated Samir
Hanna, Vice President and General
Manager of digital manufacturing
at Autodesk. “With Netfabb 2017,
Autodesk has created a single set of
industrial tools that help move from
design to finished part quickly and
easily.”
Since acquiring Netfabb in 2015,
Autodesk has added a number
of powerful new capabilities to
the software package including
enhanced simulation, optimisation
and advanced toolpath capabilities.
These provide engineers and
designers with a broad collection of
additive design and manufacturing
tools.
www.netfabb.com
www.autodesk.com

AMUG conference
registration open
The Additive Manufacturing Users
Group (AMUG) has announced that
online registration is now open for its
2017 Education & Training Conference, to be held in Chicago, Illinois,
USA, March 19 - 23, 2017.
The Users Group conference is now
in its 29th year and brings together
engineers, designers, supervisors,
plant managers and educators from
around the world to share expertise,
best practices, challenges and
application developments in Additive
Manufacturing.
The AMUG conference will include
a technical programme with over 200
presentations as well as hands-on
workshops designed to help users get
more from their systems. An exhibition will be open during the first two
evenings of the event.
www.am-ug.com

VDM ALLOYS B.V.

ATOMISED METAL POWDERS
for Additive Manufacturing / 3D Printing

Aluminium / Titanium / Stainless Steel / NiCoCr Alloys

VDM Alloys B.V.

D. van Voornelaan
3235 AC Rockanje
The Netherlands

Tel: +31.(0)181.375112
Email: info@vdm-alloys.com
Internet: www.vdm-alloys.com

VDM Alloys half page.indd 1
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Fully functional additively
manufactured automotive
cylinder block produced for
Volkswagen
Robert Hofmann GmbH, Lichtenfels, Germany, has additively manufactured a fully functional aluminium cylinder
block for a Volkswagen VR6 engine. Weighing around
25 kg, the AM cylinder block has undergone and passed
a number of tests at Volkswagen, offering significant
advantages compared with conventional prototypes.
The cylinder block is virtually the same as Volkswagen’s existing series VR6 cylinder block, except for being
made from aluminium instead of a cast iron GJL-250
material. CAD data of the existing cast iron cylinder
block was used for the prototype which took 300 hours
to produce on a Concept Laser X 1000 R system. It was
stated that Volkswagen wanted to investigate the potential
of Additive Manufacturing technology and convinced the
team at Hofmann to take on the project. “When Volkswagen approached us with the idea to build a complete
cylinder block in a 3D-printer, we were a bit sceptical in
the beginning,” stated Michael Dinkel who managed the
project at Hofmann.
Following the initial build a number of post-processing
operations were necessary, especially with the cleaning
and removal of the necessary support structures.

You …

The additively manufactured cylinder block was built in 300
hours on a Concept Laser X 1000 R system

The AM cylinder block is based on Volkswagen’s existing
cast cylinder block found in the VR6 engine

Aluminium powders loosely stuck to the cylinder block
after the build had to be removed with close attention
given to the difficult to access and narrow areas such
as undercuts. Support structures had to be cut out with
high precision, even in areas which were hard to reach.
Before the cylinder block could be fully tested at Volkswagen the cylinder liner was coated with an APS-lining.
Engineers at Volkswagen then carried out extensive
metallurgical and geometric tests. For example, the
tests included computer tomography to check internal
geometries, such as the cooling jacket around the
cylinder tubes, which showed that the AM cylinder block

has low porosity and significantly smaller distortions and
deviations from the desired geometry when compared
to cast components. With the successful running of the
motor, Robert Hofmann GmbH and Volkswagen proved
that it is possible to produced functional cylinder blocks
via Additive Manufacturing. This, they stated, could be an
important milestone for the future of the car industry.
The cylinder block will on display at formnext, taking
place in Frankfurt, Germany, November 15 – 18, hall 3.1,
stand E30.
www.hofmann-innovation.com

Seminar to explore the
design freedom of AM
through simulation

3D Printing Factory
Your 3D Printing Partner

industrial prototyping

Robert Hofmann GmbH
An der Zeil 6
96215 Lichtenfels
Deutschland

Source: Volkswagen AG
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Tel.: +49(0)9571 949 186
Fax: +49(0)9751 949 109
Mail: 3d-druck@hofmann-mod.de
www.hofmann-innovation.com
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A two day seminar, taking place November 22 – 23, 2016, in
Helsinki, Finland, has been organised by NAFEMS Nordic in
cooperation with VTT Technical Research Centre of Finland
to explore the design freedom of Additive Manufacturing
through simulation. In addition to a comprehensive seminar
programme, delegates will also have the opportunity to
visit the AM facilities at VTT Technical Research Centre of
Finland and Aalto University.
The aim of this seminar is to provide an overview of
the current state of AM, along with the challenges, risks
and opportunities both for simulation engineers and for
those within manufacturing. Speakers from industry,
research institutes and universities will present on a wide
range of topics including AM process simulation, topology
optimisation, new design and simulation approaches. There
will also be a workshop on the creation of design guidelines
for selective laser melting.
NAFEMS is the International Association for the Engineering Modelling, Analysis and Simulation Community. The
association provides the engineering analysis community
with as many as fifty seminars, courses, workshops and
open forums throughout the world each year.
www.nafems.org/am16
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want fine particles to be
removed – not only limited?



want your own powder –
not an ordinary composition?



NANOVAL – Specialist
for Specialty Powders

We …
offer outstanding flowability, no
fines due to air classification!
produce the composition
you want, you can include:
Ag, Al,
Au, B, Ba, Bi, C, Ce, Co,
Cr, Cu, Fe, Ga, Gd, Hf, In, Ir, La,
Li, Mg, Mn, Mo, Nb, Nd, Ni, P, Pb,
Pd, Pt, Re, Rh, Ru, Sb, Sc, Se, Si,
Sm, Sn, Ta, Te, Ti, V, W, Y,
Zn, Zr
Nanoval GmbH & Co. KG
Kienhorststrasse 61 – 65
D-13403 Berlin

Phone: +49 30 3 22 90 22-0
info@nanoval.de
www.nanoval.de
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Metal Additive Manufacturing helps
French cycle team win Olympic medal
Metal Additive Manufacturing technology has been used to help develop
custom handlebars for France’s cycle
team at this year’s Olympic Games
in Brazil. Erpro & Sprint partnered
with the French Cycling Federation
and GIE S2A in the development of
custom handlebars for seven athletes
who competed at the games. The
handlebars were produced on a SLM
280HL metal AM machine from SLM
Solutions and contributed to the
French men’s team sprint Bronze
medal.
The handlebar designs created by
GIE S2A took advantage of the design
possibilities Additive Manufacturing
offers by incorporating an interior
lattice structure, providing strength
yet minimising the weight. Additional
weight savings were realised through
the lightweight material choice,
as the handlebars were printed

in aluminium on the SLM 280HL
system.
In the debut race with the new
equipment in Italy earlier this year,
French cyclist Thomas Boudat
took first place. Leading up to the
Olympics, athletes were optimistic
about the competitive advantage the
additively manufactured handlebars
could bring as the UK’s Olympic
gold medallist Sir Bradley Wiggins
had broken records riding with
AM handle bars just a few months
earlier.
With the largest build chamber in
its segment at 280 x 280 x 350 mm,
the SLM 280HL offers high
throughput technology with multiple
laser configurations and a patented
bi-directional recoating. Integrated
SLM Build Processor and open software architecture offers the freedom
of controlling system parameters

The handlebar designs created by
GIE S2A incorporate an interior
lattice structure, providing strength
yet minimising the weight
to optimise for unique requirements,
such as Olympic handlebars. Erpro &
Sprint became the first French facility
to purchase the quad laser SLM
500HL metal Additive Manufacturing
system earlier this year to increase
their manufacturing capabilities.
www.slm-solutions.com
www.erpro.fr
www.soufflerie2a.com

ALUMINUM POWDERS FOR

ADDITIVE
MANUFACTURING

Metal Additive Manufacturing
perspectives
Conference Industrial
in Additive Technologies

United States Metal Powders, Inc. has been a global leader in

Global Manufacturing Facilities

the production of alumimum powders since 1967. Standard

AMPAL, INC., Palmerton, PA, USA
www.ampal-inc.com

grades tailored for AM include AlSi10Mg, AlSi10, AlSi12, AlSi14,

POUDRES HERMILLON, Hermillon, France
www.poudres-hermillon.com

F357/A357, 2024, 4047, 6061 and 7075

November 24-25, 2016
Linz, Austria
voestalpine Stahlwelt

Register
now!

www.mamc2016.org

•
•
•
•
•
•

Narrow particle size distribution optimized for AM
Excellent flowability and surface finish
Certified chemical consistency and low oxygen content
All powders meet RoHS specifications
Flexibility to produce custom atomized alloys and classifications
ISO 9001:2008

UNITED STATES METAL POWDERS INC
408 US Highway 202, Flemington,
New Jersey 08822, USA
Tel: +1 908 782 5454
Email: rhonda.kasler@usmetalpowders.com

© Fraunhofer ILT

Sales & Headquarters
CONTACT: CONFERENCE SECRETARIAT
ASMET-Austrian Society for Metallurgy and Materials
Franz-Josef- Str. 18, 8700 Leoben, Austria
Phone: +43 3842 402 2290
Email: asmet@asmet.at
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voestalpine opens research centre for
metal Additive Manufacturing
The voestalpine Group has opened a
new research and development centre
for the Additive Manufacturing of
metal parts at its site in Düsseldorf,
Germany. The voestalpine Additive
Manufacturing Centre will house the
group’s research activities in AM,
harnessing the process for particularly
complex and lightweight metal
components.
“The new development and test
centre will continue to research and
develop both metal powders and
the design and production of metal
components using 3D printing. It
therefore represents a significant
expansion to our existing material
production and processing value chain
for the most sophisticated industries,”
stated Franz Rotter, Member of the
Management Board of voestalpine AG
and Head of the Special Steel Division.
voestalpine also announced it

is investing in new metal powder
atomisation facilities at the group’s
subsidiaries Böhler Edelstahl GmbH
& Co KG, Austria and Uddeholms AB,
Sweden, to supply the Düsseldorf
site. The next step is said to be
more cooperative partnerships and
locations in North America and China.
“As a result of the intensive
research and development work
undertaken in the past 15 years,
voestalpine has developed from a
traditional steel manufacturer to
become a global leading technology
and capital goods group. We want to
consistently strengthen this position and continue to remain at the
forefront of developments in new pro
duction processes such as Additive
Manufacturing,” stated Wolfgang
Eder, Chairman of the Management
Board of voestalpine AG.
www.voestalpine.com

Atomisation for
Metal Powders
short course
Atomising Systems Ltd and Perdac
Ltd (now part of CPFResearch Ltd)
have announced that the Atomisation
for Metal Powders intensive short
course will take place in Manchester,
UK, February 23-24, 2017. The course
will consist of presentations from
John Dunkley (Atomising Systems
Ltd), Dirk Aderhold (Atomising
Systems Ltd), Doug Millington Smith
(Freeman Technology) and Andrew
Yule (Manchester University).
Sessions will cover the main
methods of atomising metals, the
specific requirements for different
classes of metal, the design,
operation and economics of plant,
Additive Manufacturing, measurement
methods and modelling techniques.
www.atomising.co.uk
www.perdac.com
www.cpfresearch.com
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High quality
Spherical Powder

Ti64
Our spherical Ti-6Al-4V titanium alloy powder’s properties
make it the material of choice for Additive Manufacturing
Powder Characteristics
Spherical Shape
High flowability
High density
Extra low oxygen level
Controlled chemistry
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Powder size cuts available
-25/5µm
-45/15µm
-53/20µm
-105/45µm
-250/90µm

Contact us for more information
+1 819 820 2204 • www.Tekna.com

Meet with us at
Formnext 2016
Booth E08

| contents page | news | events | advertisers’ index | contact |

Industry News

EOS introduces its largest and fastest
system for direct metal laser sintering

TEI reports on use of EOS’s
EOSTATE MeltPool monitoring

EOS, based in Krailling, Germany,
introduced its latest EOS M 400-4
metal Additive Manufacturing
system at the recent IMTS show in
Chicago, USA. Designed for industrial
applications, the quad-laser system
expands the company’s Direct Metal
Laser Sintering (DMLS) range and
offers increased productivity, part
quality and scalability to meet various
manufacturing requirements.
“Following our strategy to
establish the Additive Manufacturing
technology for production in all
industries we have developed this
pioneering DMLS system. The EOS
M 400-4 is a perfect addition to
our industrial systems portfolio.
It shatters the boundaries of
manufacturing as it meets the
most demanding requirements of
our industry partners in terms of
efficiency, scalability, usability and

EOS introduced its EOSTATE MeltPool solution as an add-on
to the EOS M 290 DMLS system towards the end of 2015.
The system was developed to allow complete part traceability as well as an automated surveillance and analysis of
the melt pool during the build process. An evaluation of the
monitoring system has recently been completed at Tusas
Engine Industries Inc. (TEI), the leading aviation engine
manufacturer in Turkey.
“We consider the EOSTATE Meltpool monitoring
system as an initial step for online control and part quality
inspection. As such, it was part of our initial technical
specifications for the DMLS process and we felt privileged to
be one of the first pilot customers to test it,” stated Semih
Pilatin, Technology Programs Manager at TEI. During the
DMLS build process the monitoring system observes the
light emitted by the melt pool. Extensive hardware helps
to separate the process light from the reflected laser light.
The software then offers automatic error correction of the
data that is created, as well as process visualisation and
evaluation in real time. For the purpose of data analysis, the
EOSTATE MeltPool Analysis Toolbox illustrates data in 2D or
3D form, including the ability to analyse discrepancies.
“We are planning to use this tool for aerospace engine
parts manufacturing where tight tolerances and high
performance are expected. With this tool, we can capture
potential part defects online at an early stage and with
minimal effort to assess the part quality,” added Pilatin.
EOS offers EOSTATE MeltPool as an extension to the
EOS M 290 DMLS system for monitoring the manufacturing
process. “The decisive factor for customers on the road
towards series manufacturing based on AM is reproducible
top-quality parts at the lowest costs per part possible. The
EOSTATE MeltPool Monitoring allows the movement of part
quality assurance from post- to in-process, as such not only
supporting a better risk management, but as well reducing
time and costs for quality assurance and as a consequence
overall costs per part,” stated Lukas Fuchs, Application
Development Consultant MeltPool for Monitoring Solutions
at EOS.
www.tei.com.tr | www.eos.info

process monitoring,” stated Dr Adrian
Keppler, Chief Marketing Officer at
EOS.
The EOS M 400-4 expands the
company’s range of DMLS systems.
It offers a large build volume of 400
x 400 x 400 mm and is equipped
with four 400 Watt lasers operating
independently in 250 x 250 mm
squares each including an overlap
of 50 mm. The system builds on
the well-established and validated
process of the EOS M 290 technology.
“As the system offers a modular
platform designed for industrial 3D
Printing, it can easily be integrated
into existing production environments
and the customer set of future
innovations,” added Keppler.
As part of the EOS M 400-4
system, the patented EOS ClearFlow
process gas management technology
ensures optimal and consistent

The EOS M400-4 has build volume of
400 x 400 x 400 mm
processing conditions. It distributes
the process gas in an intelligent way
to avoid interference of the lasers
with by-products of the melting
process. In addition, the integrated
industrial-grade, recirculating filter
system with its long filter lifetime
significantly reduces operating times
and expenses.
Initially, EOS NickelAlloy HX and
EOS MaragingSteel MS1 will be
available for the EOS M 400-4 with
other materials to follow. Parameters
can be modified to meet individual
application requirements using the
EOS ParameterEditor.
www.eos.info

210mm x 149mm

SEMINAR SERIES
Gain expert insight on
Advanced Manufacturing Technologies
Explore key advanced manufacturing technologies that are driving increased
efficiency, capacity and opportunity throughout the entire manufacturing
enterprise. Hear from the experts how implementing these innovative
technologies and processes can improve your company’s competitive
advantage and bottom line.

AUG 10

OCT 19

NOV 9

Additive Manufacturing
& 3D Printing: New
Materials: Building
the Future for
Additive Manufacturing

Additive
Manufacturing
New Processes

Smart
Manufacturing:
The Digital
Transformation

Youngstown, OH

Detroit, MI

Chicago, IL

Register today at

sme.org/smartmfgseries

46

| contents page | news | events | advertisers’ index | contact |

aluminum
cobalt
nickel
stainless steel
titanium
tool steel

Optimized Meta l Powder for
Additive Manufacturing

Advance your
manufacturing
expertise!

Use promo code SMSAD for a chance to win a $100 Amazon gift card!

Metal Additive Manufacturing | Autumn/Fall 2016

Industry News

© 2016 Inovar Communications Ltd

Vol. 2 No. 3
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EOS systems
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The Most Productive Metal
Additive Manufacturing Systems
More Laser Power, Larger Build Envelope, Faster Build Speeds
All systems in the SLM Solutions product line feature a common
development and laser platform with transferable parameters for high
quality metal parts from the lab to production.
Offering build volumes
up to 22% larger and
build time efficiencies
up to 70% faster than
the competition, SLM
Solutions can enhance
your capabilities with
selective laser melting!

Visit SLM Solutions at booth H-50

New Case Study: Conformal
Cooling for Tooling Inserts
Download at
https://goo.gl/2xQj6K
SLM Solutions is a leading provider of metal-based additive manufacturing systems and technology
that support fast and flexible metal part production for the aerospace, automotive, energy, research and
medical industries. SLM systems define the gold standard for best-in-class operator safety and top speeds
through multiple laser configurations and a patented, bi-directional recoater.

SLM Solutions NA, Inc.

www.slm-solutions.us I info@slm-solutions.us
28350 Cabot Drive, Suite 100 I Novi, MI 48377, USA I 248-243-5400

Company visit: FIT AG

FIT AG: Laying the foundations
for high-volume metal
Additive Manufacturing
There is no doubt that the Additive Manufacturing of series components is quickly
becoming a reality. From high-profile applications in the aerospace industry to
performance components for the automotive sector, there are now numerous
examples of the successful implementation of metal AM. However, the route that a
company chooses in order to adopt AM technology could have a significant impact
on a component’s development time and cost. As Nick Williams reports, Germany’s
FIT AG sees opportunities in leveraging its expertise to supporting companies with
the outsourcing of component development and production. To achieve this, the
company has created a model AM factory that it plans to replicate worldwide.

FIT Group, based in Lupburg,
Germany, has ambitious plans for
metal Additive Manufacturing. The
company is one of the world’s most
experienced in the development
and production of AM components
thanks in large part to its early
involvement in rapid prototyping. It
is, however, approaching the goal of
creating a state-of-the-art factory
for higher volume series metal
Additive Manufacturing with an
energy and ambition that would put
even the most motivated of start-ups
to shame.
The force behind the company
is its founder and CEO, Carl Fruth.
His no-nonsense approach to
the industry and his vision for the
metal AM factory concept is based
on more than twenty years of
experience in additive technologies.
This experience is balanced with
the recognition that metal Additive
Manufacturing has to develop into
a far more stable, automated and
cost-effective process if it is to
succeed in series production. Whilst
this may sound like an obvious

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

approach, the reality of developing
a viable state-of-the-art factory for
series metal AM component production is far from straightforward.

The story to-date
In the summer of 2015 FIT AG
announced that it was investing
€20 million in a new purpose built

factory specifically designed for
the Additive Manufacturing of high
volume components. A year later,
when Metal Additive Manufacturing
magazine visited the company,
construction of the first of the new
futuristic looking production buildings had been completed and the
manufacture of metal and plastic
parts was underway (Figs. 1-3).

Fig. 1 The first of FIT’s AM factories in Lupburg, Germany
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of the most used AM design and
manufacturing tools and its success
resulted in the acquisition of Netfabb
by Autodesk in 2015. FIT’s unrivalled
reputation in the field of AM software
development is further reflected in
the company’s status as a founding
member of the 3MF Consortium
alongside international corporations
such as GE, HP and Microsoft. The
consortium is committed to defining
and evolving a 3D printing file format
that allows designers to send fullfidelity 3D models between multiple
platforms and manufacturing
equipment.
At the same time as the acquisition of Netfabb, Autodesk made
a strategic investment in FIT AG,
acquiring 10% of the company. This
development was a natural fit for
two businesses that share a vested
interest in the increased adoption of
AM technology for industrial-scale
manufacturing. The investment also
provided capital to support Fruth’s
ambition of creating a state-of-theart Additive Manufacturing factory.

Metal Additive Manufacturing | Autumn/Fall 2016
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Fig. 3 Arcam EBM machines used for the series production of AM titanium components

Fig. 2 Interior view of FIT’s new AM facility in Lupburg

Reaching this point has in itself
been a long journey for the company.
Founded in 1995, FIT was a pioneer
in the world of commercial rapid
prototyping using both metals and
plastics. The company started
researching paper lamination
technology in 1997, followed a year
later with trials of Selective Laser
Sintering (SLS) technology. By 2003
the company was producing laser
sintered rapid tooling for customers
and in 2005 the first Electron
Beam Melting (EBM) system was
in operation for the production of
titanium components. Production
capacity continued to expand and
in 2013 the world’s first four-laser
machines, SLM Solutions’ SLM 500s,
were installed. Within a year this
had been expanded to seven SLM
Solutions machines, including three
large frame SLM 500s.
As the business grew so did FIT’s
expertise in developing the necessary
software for AM, culminating in the
formation of Netfabb GmbH in 2009.
Netfabb’s software became one
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Today FIT has more than 220
employees, with most of them located
at the company’s headquarters in
Lupburg. The company operates two
distinct businesses, FIT Prototyping
GmbH and FIT Production GmbH. The
group has two further subsidiaries,
FIT Nord GmbH near Hamburg, and
FIT West Corporation in Boston,
Massachusetts, USA. Turnover in
2015 was €17 million, representing an
increase of 30% on the previous year.
The business is centred around
three main segments; Prototyping,
Additive Design and Manufacturing
(ADM) and Research and Development. The AM factory concept
fits most closely within the ADM
segment that specialises in additive
engineering as well as high and low
volume AM component manufacturing. The Prototyping segment has
specific expertise in concept models
and functional prototypes, however
pre-production runs are also accommodated. The R&D segment specifically addresses system, process and
materials development.

© 2016 Inovar Communications Ltd
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Creating a metal AM factory
template
FIT’s primary mission with its facility
in Lupburg is the optimisation of a
high production volume AM factory
template that can be rolled out
at other sites around the world.
“This factory will serve as a master
concept for commissioning industrial
Additive Manufacturing close to our
customers. By copying the entire
production process of an efficiently
operating Additive Design and
Manufacturing plant, manufacturing
costs will be reduced and quality of
the parts improved,” Fruth told Metal
AM magazine.
This concept is based on the belief
that whilst ever more end-users will
recognise AM as a technology that
can revolutionise their business,
they will chose to collaborate on
component development and then
outsource production rather than
creating their own in-house metal
AM facility. Outsourcing could, at
the simplest level, involve placing

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

orders for parts to be optimised
and manufactured in Lupburg or a
future FIT manufacturing site. On a
larger scale, a manufacturer could
enter an agreement to establish a
dedicated metal AM facility near a
customer’s site using FIT’s factory
template.
One of the attractions of this
route for a company looking to
take advantage of metal AM is that

Fruth explained that, in terms of
part design alone, the knowledge
that an engineer has to possess in
order to successfully produce parts
by Additive Manufacturing differs
fundamentally from conventional
manufacturing methods. When the
unique challenges of AM production
are added, for example system and
process stability, materials expertise,
materials recycling, post-processing,

“On a larger scale, a manufacturer could
enter an agreement to establish a dedicated
metal AM facility near a customer’s site
using FIT’s factory template”
it significantly decreases process
and component development time.
Given that AM requires a completely
different approach to conventional
manufacturing methods, this can be
a significant advantage.

quality assurance and traceability,
the task can appear overwhelming.
“People think that metal AM is easy
to implement. You have the design
freedom, you have a machine that can
build complex parts and you believe

Metal Additive Manufacturing | Autumn/Fall 2016
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Fig. 4 The open-source nature of machines from SLM Solutions and Arcam has been an important factor in enabling
FIT’s engineers to develop its AM workflows. The company’s overhead powder supply systems can be seen in this photo.
that the product comes straight out of
this system at the end. This just isn’t
the case. At FIT our goal is to support
you in harnessing the power of
Additive Design and Manufacturing.”
Fruth added, “There is a belief
that to benefit from metal AM you
have to set up your own metal AM
facility and at the heart of this people
see AM machines. But machines are
simply machines: they are not the
be all and end all. AM machines are

the technology is looking to replace
processes that in some cases have
been refined over many hundreds
of years. Put it this way, if you need
investment cast parts you probably
won’t go straight out and buy an
investment casting plant. So why buy
an AM machine when you can work
with us to design, develop and then
manufacture your products?”
There is clearly a demand for the
company’s expertise and to keep

“Machines are simply machines:
they are not the be all and end all.
AM machines are just part of a wider
process that has to be developed and
evolved”
just part of a wider process that has
to be developed and evolved. Digital
manufacturing is disruptive but it is
also highly complex. On top of this,
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up with orders FIT has doubled its
production capacity in the last twelve
months. Installed equipment within
the new facility in Lupburg now

Metal Additive Manufacturing | Autumn/Fall 2016

includes eighteen Selective Laser
Melting machines for aluminium and
superalloy parts production. These
consist of fifteen SLM Solutions
machines plus three EOS machines.
This brings the number of lasers,
a clearer indicator of production
capacity, to sixty. In addition, the
facility has four Arcam EBM machines
for titanium production. A number
of additional machines are on order
to be installed within the next twelve
months.
Fruth explained that as the factory
concept evolved it became clear that
the flexibility of the open source
nature of the machines from SLM
Solutions and Arcam was essential
for the company. “Developing a metal
AM factory demands the customisation and specialist configuration of AM
machines, both in terms of hardware
and software. Open source machines
win here for us” (Fig. 4).
He cautioned, however, about
underestimating the wider requirements of a metal AM factory.
Machines are an important aspect

© 2016 Inovar Communications Ltd
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of the process but they have to
be fully integrated into a purpose
built, modular and automated AM
factory. Customisation and the
development of in-house solutions
does not therefore stop with the
production machines. In addition
to sophisticated data networks to
monitor and record all operations
in the factory, the network concept
has been taken a step further when
it comes to the handling of metal
powders. Metal powder delivery is
continuous and fully automated using
a network of overhead pipes that feed
powder from a central source to each
production machine. All materials
run in separated pipe feeds under
over-pressure to avoid contamination. Manual feeds are only used on a
laboratory and prototyping level. The
company has also developed its own
powder sieving systems to maintain
the consistent powder properties
that are essential to successful high
volume production.
A number of heat treatment
operations such as T6 are carried
out in-house, however Hot Isostatic
Pressing (HIP) operations are
outsourced. Fruth stated, “HIP is
still done externally as it is unclear
for today if this technology will still
be needed in 2020. As soon we know
about this we are going to decide if
this is a useful investment.”

Company visit: FIT AG

Fig. 5 EOS machines are used for both metal and plastic AM at FIT

Workflow planning

Fig. 6 Pre-processing work includes data conversion, orientation, data modification, support structures, build space management and slicing

The secret to high volume AM
production, stated Fruth, lies in
detailed and sophisticated workflow
planning, but he cautioned that it
is only with experience of volume
production that workflows can be
fully understood and refined.
Whilst we were standing outside
FIT’s new AM factory building,
Fruth pointed to a McDonalds
restaurant sign on the horizon and
pressed home the point that just as
a fast-food chain can only succeed
when process and supply chain
are fully optimised, an industrial
scale AM operation also has to have
every aspect of its workflow and
supply chain in place. “The beauty

Fig. 7 Finishing operations on a titanium medical implant at FIT
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Getting into the mind-set for
the metal AM revolution

Fig. 8 Post-processing of a prototype automotive cylinder at FIT

of McDonalds, of course, is that the
business has unlimited scalability.
You can also go into any restaurant in
the world and because the workflows
and supply chain are so sophisticated, you will always get exactly

next five years. The cost of metal AM
products will be reduced through
a combination of scrap reduction,
increased output per machine thanks
to faster processing, a reduction in
raw material costs and a reduction

“We talk to engineers a great deal
about metal AM, but the reality is that
they cannot facilitate change. We also
have to be talking at management and
board level”
what you expect. This is our mission
for metal AM, process and supply
chain in harmony, with unlimited
scalability.”

Reducing costs
With scale and workflow optimisation
comes the opportunity to reduce
costs and Fruth states that prices
will come down significantly in the
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in the number of operators required
per machine. There are, of course,
numerous other factors that will also
play a role in increasing the efficiency
of an industrial-scale process.
Fruth anticipates that with part
design, workflow and machine
improvements the cost of metal AM
parts will drop from a current price
of around €3.00 per g for aluminium,
titanium and stainless steel alloys to
€2.00 in 2017 and €1.00 by 2020.

Metal Additive Manufacturing | Autumn/Fall 2016

Fruth believes that the majority of
potential end-users simply are not
prepared for digital manufacturing
because they have not understood
the broadest concepts of how the
technology will change manufacturing. “Manufacturing is today based
on the traditional linear optimised
assembly lines with clearly defined
zones, but digital manufacturing and
the Industry 4.0 concept turns this on
its head.”
The challenge is, therefore, far
more fundamental than trying to
educate designers about the requirements and possibilities of AM. Fruth
stated that it is essential that the
integration of digital manufacturing
into a business happens on multiple
levels, with the boardroom being the
driving force. “Such a fundamental
shift in attitudes needs to be driven
at a board level. We talk to engineers
a great deal about metal AM, but the
reality is that they cannot facilitate
change. We also have to be talking at
management and board level.”
Managing change is a challenge
in any organisation, but the aversion
to change increases significantly
the larger a company is. “There is a
natural resistance to change at all
levels. The fear of re-qualifying parts,
the fear of change that may result in
the elimination of your job and the
fear of moving from processes that
you understand to processes that you
do not are just some examples of the
effects that such a shift can have in
an organisation. It will of course be a
bigger challenge for larger companies
to make the move to using AM than
for operators with less baggage.”
Designing for AM is understood
by those with knowledge of the
technology as being of fundamental
importance. It is, however, a message
that is still failing to reach many
in industry. “Coming to us with an
existing part that you just want to
make by AM will never work. In order
for AM to succeed a part has to be
designed for the process and this
takes experience and knowledge.
There also has to be a reason to use

© 2016 Inovar Communications Ltd
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Fig. 9 An exhaust manifold manufactured by Selective Laser Melting at FIT

AM, be it advanced functionality, the
need for customisation or certain
production volumes. We can help with
this, but anything else will simply
make no financial sense.”
Unrealistic expectations are,
however, not limited to design
considerations. “Companies have
to learn to understand the nature of
the process. When we are making
a single component for a customer
they have to appreciate, for example,
that a build plate is shared with other
components from other companies
and they have to understand that in
AM powder has to be recycled. This is
a part of the process and needs to be
more widely understood.”

ADM solutions tailored to
specific requirements
During the evaluation of a component
for AM at FIT a number of criteria
are considered to establish which
of the company’s ADM programmes
the part most closely relates to. For
single or limited part production the
ADM-Quality (ADM-Q) programme

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

focuses on the development of a
component to a level where it can
be manufactured to specification
and within a fixed budget. Quality
certificates accompany the part
in line with the respective part’s
requirements.
Whilst the quality of single parts
and small batch series is assured
by the ADM-Q programme, ADM
Volume Manufacturing (ADM-V)
focuses on establishing a thorough
and consistent process control for
larger series production. A full audit
trail of every job, part variations and
the tracking of material batches is,
states the company, the foundation
for ADM-V to meet the necessary
level of quality control. In addition,
parts for higher volume production
are subjected to a far more intensive
process of design optimisation
with the evaluation and testing of
a number of design variants where
necessary.
Whilst ADM-V development takes
longer than for an ADM-Q component,
the results typically include reduced
final component weight and, of
course, significantly reduced unit

costs. As an extension of ADM-V,
customised volume manufacturing
enables the efficient production of
a large number of individualised
single parts in one production cycle to
achieve genuine mass customisation.

Quality management at FIT
The quality requirements of metal
AM parts are application and market
specific and as such FIT is ISO 9001
and EN 9100 certified (the European
equivalent of AS 9100 for aerospace)
and the company’s medical devices
and implants are FDA compliant and
fulfil the requirements of the EN ISO
13485. The company is also certified
to the automotive industry supply
chain standard ISO/TS16949.
Traceability is offered at all stages
of AM part production, from the
starting powder to testing of the
final product. The company has also
recently confirmed the purchase
of a CT scanner that will provide
customers with certification that their
critical components do not contain
defects such as cracks or voids.

Metal Additive Manufacturing | Autumn/Fall 2016
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technology. AM can also generate
a rough and deliberately porous
surface that allows for improved bone
ingrowth, or osseointegration, helping
to avoid common problems such as
loose and unstable implants and to
shorten rehabilitation time. With AM,
of course, implants are produced to a
size and shape specifically to meet a
patient’s requirements.
In terms of the wider markets for
metal AM, design innovations at OEMs
will, believes FIT, lead to a much
wider adoption of the technology,
particularly when combined with a
fundamental shift in the approach
to manufacturing. In order to
facilitate this the company offers
“Additive Design and Manufacturing”
workshops that cover all aspects
of the component development and
production process.

Fig. 10 This concept F1 Cylinder Head is manufactured on a SLM 500 machine using AlMg10Si powder by FIT. By applying
Additive Design and Manufacturing, FIT used AM technology to significantly increase the surface cooling area while
achieving reduced vibration and great weight reduction of the part

Fruth stated that a realistic
approach to metal AM needed to
be taken from a quality assurance
perspective. “The aerospace industry
was an early adopter of AM technology and new applications in this
sector attract considerable attention.
This is the sector, however, that
demands the highest levels of quality
assurance because of the critical
nature of the components used. This
puts a lot of pressure on a young
technology. It has to be remembered

Growth for the industry will therefore
come from more mainstream applications where the quality assurance and
qualification requirements are less
cost-prohibitive.”

Markets
FIT’s most important markets for its
Additive Design and Manufacturing
business are motorsport, medical,
defence, aerospace and advanced

“Growth for the industry will come from
more mainstream applications where
the quality assurance and qualification
requirements are less cost-prohibitive”
that all parts fail at the highest level
and such extreme levels of quality
assurance come at a very high price.
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engineering. Motorsport has long
been an adopter of AM technologies
as the process can achieve the
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highest requirements in terms
of component performance and
flexibility. The technology can also
offer very short development times.
By applying Additive Design and
Manufacturing to a prototype F1
cylinder head, FIT used Selective
Laser Melting to significantly
increase surface cooling area while
achieving reduced vibration and part
weight (Fig. 10).
The metal AM industry has
also enjoyed considerable success
with the production of medical
implants and FIT specialises in the
manufacture of implants made from
Grade 2 and Grade 5 titanium alloys
by Electron Beam Melting (Figs.
11 and 12). These bone replacing
implants are used when a section of
bone is missing and the gap needs
to be filled, for example following an
accident or after the removal of a
tumour. AM’s main advantages lie in
the extremely short lead times that
average one to two weeks instead of
six to eight weeks by conventional

© 2016 Inovar Communications Ltd
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Innovation: People: training
and education

Fig. 11 Spinal implant cages manufactured by EBM at FIT

Those studying for engineering
related degrees at university generally
recognise Additive Manufacturing as
a high profile and attractive industry
from a career perspective. There
are, however, widespread concerns
in the industry about the number of
people with the necessary skillsets
to sustain growth. FIT’s workforce is
continually expanding as the company
grows and, to help meet the challenge
of securing a skilled workforce, the
company runs a number of highly
sought-after apprenticeships.
In September this year eighteen
apprentices started their training at
FIT, a record number for the company.
These apprenticeships cover all
aspects of AM including process
mechanics, mechatronics, modelling,
product design and IT.
“Access to capable young talent
is very important to us. Our trainees
learn in a very high-tech industry and
contribute from the outset to growth
of the company. Again and again
they are also among the best of their
peers. We are very proud of what we
achieve with these apprenticeships,”
stated Lorenz Barth, Personnel
Manager at the FIT AG. The company

Fig. 12 A HIP replacement manufactured by EBM at FIT
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part production whilst working with
an experienced industrial partner to
facilitate this.
FIT’s commitment to the development of a model production facility
dedicated to higher volume AM part
production has without doubt put
it in a leading position to be able to
capitalise on the rapidly increasing
demand for metal AM parts. “We
believe this is what qualifies us as
the industrial partner to implement
new manufacturing concepts with
customers worldwide,” stated Fruth.
He cautioned, however, that the
technology still has a long way to
go in terms of industrialisation. “We
only know 5% of what there is to
know about commercial AM production. The industry has only touched
on the surface of the challenge and
potential of metal AM.”

Contact

Fig. 13 Quality inspections at FIT

employs a high proportion of women,
at around 40%, and it has made
efforts to successfully integrate
disabled workers into the business.

Outlook
Given the rapid pace of metal AM’s
growth it is impossible to predict
with any certainty how trends in part

manufacture will play out. For the
major aerospace manufacturers there
will always be the funds and skills
available to develop systems and
workflows in-house whilst additionally
retaining a level of technology
independence and security in terms
of production capacity. There will,
however, also be companies that
have the desire to take advantage of
all that metal AM can offer for series

Elisabeth Bauer
FIT AG
Eichenbühl 10
92331 Lupburg
Germany
Phone: +49 (0) 9492 9429 0
Fax: +49 (0) 9492 9429 11
Email: elisabeth.bauer@pro-fit.de
www.pro-fit.de
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With the announcement of GE’s planned acquisitions of metal AM machine
producers Arcam and SLM Solutions, the company is making a bold move
to not only enhance its already significant AM expertise but also to position
itself as a leading supplier of AM technology to the wider industry. This
ties in closely with GE’s ambitions to evolve into the world’s leading ‘digital
industrial company.’ Metal AM magazine’s Nick Williams reports on the
recent developments at GE and the milestones that led to this point.

On September 6, 2016, GE announced
plans to acquire two leading suppliers
of Additive Manufacturing equipment,
Sweden’s Arcam AB and Germany’s
SLM Solutions Group AG, for $1.4
billion. This news came as a surprise
to the majority of those in the AM
industry and served to boldy reinforce
GE’s previously stated ambitions in
the Additive Manufacturing sector.
The planned acquisition of Arcam and
SLM Solutions would significantly
bolster GE’s already impressive material science and Additive Manufacturing capabilities. The company had
invested approximately $1.5 billion in
manufacturing and additive technologies since 2010, enabling it to develop
additive applications across six of its
business areas, create new services
applications across the company and
earn more than 300 patents in the
area of powder metals alone.
Jeff Immelt, Chairman and CEO
of GE, stated when announcing the
proposed Arcam/SLM acquisition,
“Additive Manufacturing is a key
part of GE’s evolution into a digital
industrial company. We are creating
a more productive world with our
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innovative world-class machines,
materials and software. We are poised
to not only benefit from this movement as a customer, but spearhead
it as a leading supplier. Additive
Manufacturing will drive new levels
of productivity for GE, our customers,
including a wide array of Additive
Manufacturing customers, and for the
industrial world.” Should the deals go

through, GE expects to grow the new
additive business to $1 billion by 2020
at attractive returns and also expects
$3 to $5 billion of product cost-out
across the company over the next ten
years [1]. At the time of publishing,
the acceptance deadlines for the SLM
Solutions and Arcam acquisitions
were October 24 and November 1
respectively.

Fig. 1 AM components with an SLM Solutions machine at GE Power’s Advanced
Manufacturing Works in Greenville, South Carolina (Image: GE Power) [2]
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GE’s initial targets

Fig. 2 An Arcam Q20 Additive Manufacturing machine (Courtesy Arcam AB)

Should the deals go ahead, both
Arcam and SLM Solutions would
report to David Joyce, President
and CEO of GE Aviation, who would
lead the growth of these businesses
in the AM equipment and services
industry, as well as leading the
integration effort and the GE Store
initiative to drive Additive Manufacturing applications across GE.
In addition to supporting the
growing use of AM components
within GE’s businesses and
positioning GE as a major supplier
of AM production technologies, the
planned acquisitions would also
allow GE to leverage its Predix
platform for the industrial internet.
Any AM equipment portfolio that
can be acquired would form part
of GE’s Brilliant Factory initiative,
which aims to help manufacturers
increase production efficiency,
execution and optimisation through
advanced real-time analytics. This
technology, it was stated, will enable
all manufacturers to realise GE’s
Brilliant Factory vision.
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“We chose these two companies
for a reason,” explained Joyce. “We
love the technologies and leadership
of Arcam AB and SLM Solutions.
They each bring two different,
complementary additive technology
modalities as individual anchors for a
new GE additive equipment business
to be plugged into GE’s resources and
experience as leading practitioners
of Additive Manufacturing. Over time,
we plan to extend the line of Additive
Manufacturing equipment and
products.”
The additive effort will utilise
GE’s global ecosystem but will be
centred in Europe. GE will maintain
the headquarters locations and key
operating locations of Arcam and
SLM Solutions, as well as retain their
management teams and employees.
These locations, it was stated, will
collaborate with the broader GE additive ecosystem including the manufacturing and materials research
centre in Niskayuna, New York, and
the additive design and production lab
in Pittsburgh, Pennsylvania.
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Arcam AB
Arcam AB, based in Mölndal, Sweden,
invented the Electron Beam Melting
(EBM) machine for metal Additive
Manufacturing. Its customers are
predominantly in the aerospace and
healthcare industries and in 2015
the company generated $68 million
in revenues with approximately
285 employees. The company’s
most widely used machines are the
Q10 and the Q20 (Fig. 2), with the
current generations of both of these
machines marketed with the ‘plus’
designation. The systems are targeted
at the orthopaedic and aerospace
sectors respectively, with the Q20plus
offering a larger build area that is
better suited to turbine blades and
structural airframe components, for
example.
Arcam stated that its Board
of Directors had unanimously
recommended that the company’s
shareholders accept the offer made
by GE. The initial offer valued Arcam’s
ordinary shares at SEK 285 per share,
corresponding to a total offer value of
SEK 5,855,776,725 (US $686,322,797).
In terms of Arcam’s long-term
prospects, the company believes that
the demand for its technology for the
AM of aerospace and orthopaedic
implants will increase dramatically.
However, in assessing the merits
of GE’s offer, the board stated that
the company had limited resources
and that it operated in a demanding
and highly regulated environment
with long lead times. Furthermore,
Arcam’s board commented that
the market for AM was still ‘rather
immature’ and could be subject to
technological leaps that would require
substantial investments in order to
deliver on its business plan [3].
GE stated that Arcam’s strategy
and products aligned closely to its
vision of building its own expertise
and capabilities in AM to serve
customers in the global industrial
community. GE added that it had the
resources needed in order to implement and take advantage of Arcam’s
growth and business opportunities
and that it would provide the know-
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Fig. 3 SLM Solutions’ flagship SLM®500HL can be fitted with up to 4 x 400 W lasers (Courtesy SLM Solutions Group)

how and expertise to further leverage
the company’s technology ‘to
forcefully go to market with Arcam’s
products and services’ [3].
Advanced Powders and Coatings,
Inc. (AP&C)
In addition to EBM machine production, Arcam also operates Advanced
Powders and Coatings, Inc., a
specialist metal powder producer
based in Montreal, Canada, as well
as DiSanto Technology, a medical
Additive Manufacturing firm in
Connecticut, USA.
AP&C is of particular interest as
it would give GE specific expertise in
metal powder production for AM and
related powder-based part production technologies such as Metal
Injection Moulding. AP&C, which
was acquired by Arcam in February
2014 [4], uses proprietary plasma
atomisation technology to produce
highly spherical powders of reactive
and high melting point materials
such as titanium, nickel, zirconium,
molybdenum, niobium, tantalum,
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tungsten and their alloys. Since
the announcement of the proposed
acquisition of Arcam by GE, AP&C has
revealed that it is planning to invest
up to CAD $31 million in a second
metal powder production facility that
will see the creation of more than
100 new jobs, more than doubling the
firm’s workforce over the next three
years.
Alain Dupont, President of AP&C,
stated at the time of the new plant’s
ground-breaking ceremony, “This
investment makes it possible to
provide our existing and future clients
with superior quality powders to meet
the high manufacturing standards
of the aerospace and orthopaedic
industries. With this new powder
production facility and advances in
atomisation technology, AP&C will
significantly increase capacity” [5].
SLM Solutions Group AG
SLM Solutions Group, based in
Lübeck, Germany, produces laserbased machines for metal Additive
Manufacturing with customers in the

aerospace, energy, healthcare and
automotive industries. The company
generated $74 million in revenues in
2015 with 260 employees. In addition
to its operations in Germany, SLM has
sales and application sites worldwide.
Should the proposed acquisition
go ahead, GE stated that it would
maintain the headquarters and key
operating locations of SLM Solutions,
as well as retaining the management
team and employees.
Hans-Joachim Ihde, founder and
Chairman of the Supervisory Board of
SLM Solutions Group AG at the time
of the announcement of the proposed
acquisition, stated, “General Electric
has already accompanied us as a user
and customer since our inception.
They assumed a pioneering role in
aerospace technology and were early
to identify the benefits of Selective
Laser Melting, for example in terms of
savings in the weight of components.
They are entirely familiar with SLM
Solutions’ multi-laser technology and
its advantages vis-a-vis our competitors” [6].
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of gas atomised metal powders in
Bitterfeld, Germany [7].
The venture, in which SLM
Solutions is reported to have a 51%
stake, focuses on the development,
production and distribution of
aluminium alloys for AM systems.
At the time of the announcement it
was estimated that more than 100
tonnes of aluminium powder would
be produced annually for Additive
Manufacturing purposes. It was
also stated that the production of
further materials may commence at
a later point. The expansion of SLM
Solutions’ metal powder business
was seen as helping to overcome the
‘strong seasonality’ of the company’s
machine system business whilst also
recognising that extremely attractive
margins can be achieved through
developing and marketing metal
powders.

Fig. 4 AM allows engineers to manufacture objects with complex internal
geometries that would be otherwise very difficult or expensive to achieve, such
as this fuel nozzle (Images: GE Reports/Chris New)

SLM Solutions’ flagship system
is the SLM®500HL (Fig. 3), which
provides a large build envelope of
500 x 280 x 365 mm and features
the company’s patented multi-beam
technology. In the high-performance
SLM®500HL machine, four fibre
lasers (4 x 400 W) operate simultaneously, increasing the build-up rate

time-consuming manual filling of the
system. Tasks such as the cleaning
of the cylinder and the removal of
components are performed in a
separate unpacking unit, enabling the
next build job to be started in parallel
using a second construction cylinder.
As with Arcam, SLM Solutions
Group also has interests in metal

“As with Arcam, SLM Solutions
Group also has interests in metal
powder production for Additive
Manufacturing”
by up to 90% compared with a twin
laser configuration (2 x 400 W). The
system has fully automated powder
management located between
the SLM system and the sieving
station in which the metal powder
is continually sieved and fed to the
building process. This eliminates the
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powder production for Additive
Manufacturing. In February 2016 the
company entered into a cooperation
venture with PKM Future Holding
GmbH to manufacture AM-grade
metal powders. PKM is the main
shareholder of TLS Technik GmbH &
Co Spezialpulver KG, a manufacturer
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GE’s key previous AM
related acquisitions
Morris Technologies
In November 2012 GE Aviation
acquired the assets of Morris
Technologies and its sister company
Rapid Quality Manufacturing (RQM),
both based in Cincinnati, Ohio, USA.
With these acquisitions, GE sent
the international community a clear
signal of intent with regards to its
ambitions for AM technology [8].
Founded by Greg Morris, Wendell
Morris and Bill Noack in 1994,
Morris Technologies and RQM had
supplied parts to GE Aviation for a
number of years, as well as to GE
Power Systems and GE’s Global
Research Center. Early commercial
applications included lightweight
parts for unmanned aerial vehicles
(UAVs) for the US military as well as
medical applications. The companies
were also contracted by GE Aviation
to produce components for the
best-selling LEAP jet engine.
Whilst the acquisition of Morris
Technologies was regarded
as an effective route to secure
AM capacity and expertise, the
planned acquisitions of Arcam
and SLM Solutions can been seen
as more strategic in nature, not

© 2016 Inovar Communications Ltd
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Fig. 5 The AM housing for the T25 sensor. Located in the inlet to the high-pressure compressor, the sensor provides
pressure and temperature measurements for the GE90 engine’s control system (Image GE Aviation) [11]

only bolstering GE’s capability for
the in-house development of AM
applications, but also placing the
company at the forefront of the
development and supply of AM
equipment, expertise and materials
to industrial markets worldwide.
Avio Aero
In August 2013 GE completed the
acquisition of the aviation business
of Avio S.p.A., a leading Italian
provider of civil and military aviation
components and systems. The
purchase price of $4.3 billion did
not include Avio’s space unit. Avio’s
aviation business was renamed Avio
Aero, a GE Aviation business [9].
This acquisition furthered GE’s
participation and expertise in the
areas of mechanical transmission
systems, low-pressure turbines,
combustion technology and
automation systems. Avio Aero was
also a leading manufacturer of AM
aerospace components using both
EBM and laser-based powder bed
technologies and it has specific
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expertise in applications such as
turbine blades. The company also
developed metal powders specifically
for its AM processes. Today Avio
Aero has more than 4,600 employees
worldwide, around 4,000 of whom are
based in Italy.
In December 2015 Avio Aero
ordered ten Arcam EBM systems
for the production of state of
the art turbine blades, doubling
the company’s EBM machine
capacity [10]. At the time of the
purchase, Giacomo Vessia, Plant
Leader at Avio Aero, stated, “These
machines will be vital to move to
series production of turbine blades.
Arcam is the leading supplier of
titanium alloy Additive Manufacturing
systems and we again turned to them
with confidence, having used their
products for years.” This was the
largest single order for Arcam EBM
systems to-date, confirming the value
to GE of Arcam’s EBM technology as
a volume production system for the
aerospace industry.

GE’s AM application
milestones in the aviation
industry
It is widely recognised that applications for AM in the aviation sector
offer huge potential in terms of
weight saving, enhanced component
functionality through previously
unimaginable design complexity, as
well as the ability to simplify production by merging what would have been
an assembly of multiple components
into a single item. Furthermore,
the use of AM in this sector, where
the technology is applied to critical
high performance components, has
caught the public’s imagination and
GE has been extremely successful
in maximising its much deserved
exposure in the media - exposure
from which the industry as a whole
has benefitted.
T25 sensor housing
In February 2015 GE received FAA
Certification for its T25 sensor
housing, GE Aviation’s first AM part
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Fig, 6 An AM fuel nozzle manufactured by GE for the LEAP engine (Image: GE Reports/Adam Senatori) [13]

and one that is used in the GE90
engine (Fig. 5). The part was first
used in flight in April 2015. The
upgraded T25 sensor, located in the
inlet to the high pressure compressor,
was retrofitted into more than 400
GE90-94B engines in service. The
T25 sensor provides pressure and

capabilities, ”stated Bill Millhaem,
General Manager of the GE90/GE9X
engine program at GE Aviation at
the time of the announcement.
It would normally take GE
several years to design and
prototype such a part, but the GE
team was able to shave as much as

“Additive Manufacturing has allowed
GE engineers to quickly change the
geometry through rapid prototyping
and producing production parts, saving
months of traditional cycle time”
temperature measurements for the
engine’s control system [11].
“Additive Manufacturing has
allowed GE engineers to quickly
change the geometry through rapid
prototyping and producing production
parts, saving months of traditional
cycle time for the T25 sensor housing
without impacting the sensor’s

66

a year from the process. “The 3D
printer allowed us to rapidly prototype the part, find the best design
and move it quickly to production,”
added Millhaem. “We could never
do this using the traditional casting
process, which is how the housing
is typically made.”
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Fuel nozzles for the LEAP engine
In July this year GE Aviation
introduced into airline service its
first additively manufactured jet
engine component, a fuel nozzle with
extremely complex interior features,
for the LEAP engine (Fig. 6). The LEAP
engine is the new, best-selling engine
from CFM International, a 50/50 joint
company of GE and Safran Aircraft
Engines of France.
Turkey’s Pegasus Airlines was
the first airline to take delivery of
the Airbus A320neo powered by CFM
International’s LEAP-1A engines.
Airbus had selected the LEAP-1A as
an option for the A320neo in 2010
and the engine flew for the first time
on the A320neo on May 19, 2015. The
LEAP-powered A320neo received its
Type Certification from the European
Aviation Safety Agency (EASA) and the
US Federal Aviation Administration
(FAA) on May 31, 2016 [12, 13].
In addition to featuring a
combustor that uses the new AM fuel
nozzles, the LEAP-1A, which powers
the Airbus A319neo, A320neo and
the A321neo aircraft, features some

© 2016 Inovar Communications Ltd
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of the industry’s most advanced
technologies. These include 3D
woven carbon fibre composite fan
blades and fan case, a unique debris
rejection system, 4th generation three
dimensional aerodynamic designs,
ceramic matrix composite shrouds
in the high-pressure turbine and
titanium aluminide (Ti-Al) blades
in the low-pressure turbine. The
engine will provide operators with
double-digit improvements in fuel
consumption and CO2 emissions.
More than 11,000 LEAP engines
are on order with up to 20 fuel
nozzles in each engine. This, states
GE, sets the stage for sustainably
high and long-term additive
production at GE Aviation’s Auburn,
Alabama, manufacturing plant.
Production will ramp up to more than
40,000 fuel nozzles using Additive
Manufacturing by 2020.
Commenting on the LEAP project
in July 2014, Greg Morris, General
Manager, Additive Technologies at
GE stated, “We spent years proving
out this technology for a critical
component in the heart of the engine,
the combustion chamber. Now we
are well positioned to apply this
technology to other components in
the same harsh environment which
could prove to be game changing
for future engine programs and
designs” [14].

AM at GE

Fig. 7 An AM machine at CATA is vacuumed to salvage unused metal powder
and prevent cross-contamination (Image: GE Reports/Chris New) [15]

CATA: GE’s new $39 million
AM centre
In April 2016 GE opened its new
Center for Additive Technology
Advancement (CATA) near Pittsburgh,
Pennsylvania, USA, with the aim to
drive innovation and the implementation of Additive Manufacturing across
the company (Figs. 7-9) [15]. The
centre will focus on developing and
implementing industrial Additive
Manufacturing applications from
which all GE businesses and
customers will benefit.
The new facility represents a $39
million investment over three years
and will initially result in the creation
of fifty engineering jobs in disciplines
ranging from mechanical and
electrical to systems and software
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Fig. 8 An Ipsen heat treatment furnace at GE’s CATA facility for the thermal
processing of additively manufactured parts (Image: GE Reports/Chris New) [15]
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turbomachinery components and
special alloys. Collaborations with
GE Aviation and GE Global Research
Centre have significantly accelerated
the development of the technology
within GE.
“The opportunities for the application of Additive Manufacturing and
3D printing in the oil and gas industry
are only just starting to be explored
and it will require an ongoing rethink
of component design and production
approach,” stated Massimiliano
Cecconi, GE Oil & Gas Materials &
Manufacturing Technologies Executive
at the time of the plant’s inauguration. “GE Oil & Gas is fostering the
development of this technology to
produce complex components for
gas turbines, while cutting costs,
boosting performance and reducing
emissions.”

Outlook
Fig. 9 A CATA worker using an electric discharge machine to separate AM parts from the support plate (Image: GE
Reports/Chris New) [15]
engineering. The site is designed as
an innovation hub, offering training
and development in both design and
applications.
Commenting at the time of the
centre’s opening, Philippe Cochet,
GE’s Chief Productivity Officer,
stated, “Today’s opening is strong
evidence that GE is leading the digital
transformation of industry, starting
with a hub for the advancement of
Additive Manufacturing techniques.
The application of insights from
digital connectivity in collaboration
with intelligent devices will elevate
the skills of our workforce, streamline
productivity and enhance product
development overall. This represents
a new era of manufacturing.”
The new facility reflects GE’s belief
that the intersection of technology
and manufacturing – marrying
hardware with software – will change
the way industry creates, iterates
and services products. In line with
GE’s Brilliant Factory concept, CATA
will combine lean manufacturing and
optimal productivity with advanced
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software analytics to improve
capabilities and usage of Additive
Manufacturing across GE while
advancing materials sciences and
inspection technologies.
GE stated that CATA will contribute
to the global exchange of knowledge,
technology and tools across the
company and, as a multimodal facility,
will contribute advances to a number
of our industrial businesses including
aviation, transportation, power and oil
and gas.

AM beyond aerospace:
GE’s oil and gas plant in
Talamona
Whilst the aerospace industry has to
some extent become a flag bearer for
the capabilities of Additive Manufacturing, the technology is succeeding
in finding commercial applications
in a wide range of other industries,
including many in which GE has
business activities. The oil and gas
sector is one notable example and in
May 2016 GE inaugurated a new AM
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component production line at the GE
Oil & Gas plant in Talamona, Italy [16].
The line uses laser-based systems to
additively manufacture end burners
for gas turbine combustion chambers.
GE Oil & Gas states that it is
pioneering the industry’s foray into
Additive Manufacturing, which offers
increased speed and accuracy in
component production. The company
commented that AM technology
‘represents the next frontier’ for
energy manufacturing. After extensive
validation of AM during prototyping
of the NovaLT16 gas turbine, GE
decided to move the technology into
full production, leveraging the design
enhancement capabilities, cycle
time reduction and improved product
quality.
GE Oil & Gas opened an Additive
Manufacturing laboratory in Florence,
Italy, in 2013 with the installation
of a laser-based powder bed AM
machine. Since then, the laboratory has increased its capabilities
thanks to the addition of two further
machines for the development of

© 2016 Inovar Communications Ltd
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Whilst this overview presents some
of GE’s activities in metal AM, it by
no means presents the complete
picture of how deeply the technology
is being integrated into the company’s
businesses. GE has of course been
investing and growing its work in
Additive Manufacturing for many
years at R&D sites across Asia,
North America and Europe. What is
clear, however, is that GE sees AM
as far more than a technology with
which to simply produce cutting edge
components for its own business
groups. The planned acquisitions of
leading AM machine manufacturers,
be it SLM Solutions and Arcam as
initially planned or alternative firms,
would position GE to become a
leading supplier of AM production
technologies and ties in closely with
its ambitions to evolve into a ‘digital
industrial company.’
As Immelt stated at the time
of the Arcam and SLM Solutions
announcement, “GE’s aspirations in
additive fits our long-term business
model. We have world-class industrial
businesses that leverage systems
integration, material sciences,
services and Predix. We want all of
our businesses to leverage the GE
Store, promote digital differentiation

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

AM at GE

and drive productivity for GE and our
customers. We are excited about the
opportunity” [1].
From Arcam, SLM Solutions and
AP&C there has also been a clear
message since the proposed acquisition that chimes with the message
from GE - it will be business as usual
in terms of the supply of production
machines and materials for AM
should the deals go ahead. It remains
to be seen if last minute obstacles
can be overcome, but as GE’s CFO
Jeff Bornstein stated recently, the
company does have options and
alternatives.
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Aluminium alloy powders

2017 Additive Manufacturing Users Group
29th Annual Education & Training Conference
March 19-23, 2017

Selecting atomised
aluminium alloy powders
for the metal Additive
Manufacturing process
As the metal Additive Manufacturing industry continues to grow at a rapid
pace, aluminium and aluminium alloy powders are gaining ever more
attention. Component and equipment manufacturers are deploying immense
efforts in exploring advanced aluminium alloys in order to target more
complex applications that demand higher mechanical performance. As
they move forward, the selection and optimisation of powders is becoming
increasingly important. In this article, Jessu Joys and colleagues from United
States Metal Powders, Inc. (USMP), identify the most popular aluminium alloy
grades for AM technology and discuss the unique properties of each powder.

AMUG For Users, By Users
Additive Manufacturing Users Group (AMUG) Education and Training Conference
brings together engineers, designers, managers, and educators from around the world
to share expertise, best practices, challenges, and application developments in additive
manufacturing. The users group is dedicated to the owners and operators of commercial
additive manufacturing equipment and those with professional applications of desktop
3D-printing technologies. Join us in 2017!

LEARN

EXPLORE

In-depth education and training sessions
by AM industry experts and OEM
representatives.

AMUG provides access to a variety of metal
and plastic technologies:
> 3D Printing (3DP)
> Direct Metal Deposition (DMD)
> Direct Metal Laser Sintering (DMLS)
> Direct Metal Laser Melting (DMLM)
> Electron Beam Melting (EBM)
> Fused Deposition Modeling (FDM)
> Laser Sintering (LS)
> MultiJet Modeling (MJM)
> Multi Jet Printing (MJP)
> PolyJet
> Selective Laser Melting (SLM)
> Selective Laser Sintering (SLS)
> Stereolithography (SL)
and many others

NETWORK
AMUG network provides attendees access
to users with 25+ years expereience in the
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Today a wide range of aluminium
alloy powders are commercially
available. However, only a small
number of these are proving popular
in industry, with the majority being
based on cast alloys. As there are no
established standards, these powder
grades have been sub-categorised
into several customised grades,
predominantly based on particle
size distribution with slight variations in chemistry. This article will
review the particle size distribution,
morphology, flow properties, oxide
content and specific surface area of
the most popular aluminium alloy
grades for AM technology. It will
also look at optimising particle size
characteristics, a challenging task in
AM due to the various processes that
are used in the industry. Aluminium
powder characteristics and properties of existing metal powder part
manufacturing technologies, namely
Powder Metallurgy (PM) and Metal
Injection Moulding (MIM), will also be
compared to AM technology.

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

Metal powders used in the
AM process
In metal AM parts are typically
produced from a feedstock in the
form of powder or wire using a layer
by layer process. Metal Additive
Manufacturing is further classified
into sub-categories such as Powder

Bed Fusion (SLM/SLS/DMLS, EBM
etc), Direct Energy Deposition, Binder
Jetting and Sheet Lamination. Both
Powder Bed Fusion and the Direct
Energy Deposition methods use metal
powder grades with a particle size
distribution ranging anywhere from
10 µm to around 150 µm. Laser-based
Powder Bed Fusion processes are

Fig. 1 USMP’s Poudres Hermillon SARL aluminum powder plant in
Hermillon, France
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Fig. 2 Spherical AlSi10Mg powder

Fig. 3 Spheroidal AlSi10Mg powder

amongst the most widely known
and typically use powders in the size
range from 10 µm to around 75 µm.
Most of the powders that are being
used in these technologies are cobalt,
iron, nickel or titanium based alloys.
More recently, aluminium alloy
powders have surged in popularity
within the light metals category.

Aluminium alloy powder
production and properties
The majority of the aluminium
and aluminium alloy powders
that are available in the market
are produced by air or inert gas
atomisation [1]. The inert gas
atomised aluminium alloy powders

Aluminium &
Trace elements

Si

Mg

F357

Rem.

6.5 – 7.5

0.4 – 0.7

AlSi10

Rem.

9 – 11

AlSi10Mg

Rem.

9 – 11

AlSi12

Rem.

11 – 13

AlSi14

Rem.

13 – 15

6061

Rem.

0.4 – 0.8

7075

Rem.

Zn

can be produced with a particle
morphology that is spherical,
spheroidal or nodular by varying the
atomising conditions and modifying
the atomisation techniques. The
gases that are primarily used in
inert gas atomisation are argon,
helium and nitrogen. The properties
of aluminium alloy powders change
with variations in the atomisation
process, however metal AM is more
suited to powders with a spherical
morphology. Spheroidal and
occasionally nodular powders will
also work, depending on the machine
technology used, the powder flow
properties and other characteristics
of the powder.
One of the most popular
aluminium alloy powders in the
industry is AlSi10Mg. Two grades
of AlSi10Mg alloy powders with
different particle morphologies are
produced by USMP using proprietary
inert gas atomisation technology
for application in metal AM. The
SEM pictures of these powders
are shown in Figs. 2 and 3. Both
of these powder grades are being
successfully used in two types of
Selective Laser Melting machines.
However, the spherical powder is
much easier to process because
of the improved flow. The powder
flow characteristics of both of
these grades were measured using
Hall and Carney flow methods,
two established standards that
are used in the metal powder
industry [2]. While studying the
two types of AlSi10Mg powder
grades, the spherical powder that
had been optimised for metal AM

Cu

Others

Ti: 0.04 – 0.2

0.2 – 0.5

0.8 – 1.2
2.1 – 2.9

0.15 – 0.4
5.1 – 6.1

1.2 – 2.0

Cr: 0.2 – 0.3

Table 1 Basic chemistry of popular aluminium alloy powder grades in AM
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flowed through the Hall flow cup,
but the spheroidal powder did not.
However, the customer was able
to successfully produce parts from
both types of powder. This study
demonstrated the importance of
understanding the capability of
the AM machine and optimising
the powder properties. One of the
key issues in standardising metal
powder grades for the AM industry
is the wide variety of technologies
that are used in the industry and the
proprietary nature of developing AM
production methods.

Popular aluminium alloy
powders used in Additive
Manufacturing
Over the past few years, the AM
industry has been using several
types of aluminium alloy powders
and a list of the most popular alloy
grades and their standard chemical
compositions is given in Table 1. Most
of these are silicon-based casting
alloys which makes processing
easier mainly because of their lower
melting points.
A wide range of aluminium AM
parts have been developed for a
variety of applications using AlSi10Mg
and today it is the most popular
aluminium alloy powder grade in the
metal AM industry.
The majority of the research work
on aluminium Additive Manufacturing
has used the low melting point
casting alloys. However, several
other studies have also been
conducted, using wrought alloys
such as 6061 and 7075. The 6000
series alloy powders have a number
of outstanding properties including
ductility, machinability, thermal
conductivity, electrical conductivity
and corrosion resistance. These
properties make it one of the most
popular alloys for manufacturing
parts for the electrical, electronic
and other industries. The 7000 series
alloy powders, with a high zinc
content, are known for their excellent
mechanical properties and are heat
treatable to achieve even higher
strength.

Vol. 2 No. 3 © 2016 Inovar Communications Ltd
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Carney Flow
(Sec/50 g)

Hall Flow
(Sec/50 g)

PSD: µm

15 – 70

15 – 70

AlSi10Mg – Type A

9 – 12

60 – 70

AlSi10Mg – Type B

20 – 25

No Flow

F357 – Type A

10 – 14

70 – 80

F357 – Type B

No Flow

No Flow

Table 2 Comparing the powder flow properties of aluminium alloy powders
used in AM

Powder flow and particle
size distribution
The shape of inert gas atomised
powders can be spherical or spheroidal. The capability for processing
powder grades with different flow
characteristics varies for each type of
AM machine, but most metal powder
AM part makers prefer a free flowing
powder. When it comes to measuring
flow there are several standards
that have been used in the Powder
Metallurgy industry.
Particle size distribution is one of
the most important properties and
powder bed processes benefit from a
uniform, selected narrow distribution
of particles, without the fines (<10 µm)

In a study for this report, two types of
AlSi10Mg alloy powder grades, with
the same chemistry, were produced
by USMP via inert gas atomisation.
The particle size distribution and flow
characteristics of these AlSi10Mg
alloy powder samples are shown in
Table 2. The major difference between
the Type A and Type B grades are in
relation to particle morphology, where
Type A alloy powder grades have
more spherical particles compared to
Type B. Type A grades were atomised
to have the most spherical shape
and were classified very closely
to have the optimum powder flow
characteristics. Even with poor
flow, the Type B grade of AlSi10Mg
has been successfully used in the

“The majority of the research work
on aluminium AM has used the low
melting point casting alloys. However,
several other studies have also been
conducted, using wrought alloys such
as 6061 and 7075”
and coarse particles (>80 µm) from
the distribution curve. The laser
diffraction technique is one of the
best known methods for analysing
particle size distribution and this was
discussed in a case study carried out
by Kippax and Deffley [6]. In the metal
AM industry, particle size distribution
ranges vary anywhere from 10-80 µm
to 20-40 µm for the laser-based
technologies, whereas Electron Beam
Melting (EBM) can use much larger
particles in the range 40-150 µm.

AM industry and this makes it very
difficult to determine the minimum
required flow properties of powder for
AM. The American Society for Testing
and Materials (ASTM) is working on
a new test method (ASTM WK55610)
for characterisation of powder
flow properties for AM applications
and this will hopefully address the
concerns surrounding powder flow
test methods designed for metal AM
powders. Some standards have been
published for use in the AM industry,

Metal Additive Manufacturing | Autumn/Fall 2016
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Fig. 4 The specific surface area of aluminium powders is determined by the
size distribution and the morphology

Aluminium

PM

MIM

AM

Typical particle size
distribution

70 – 110 µm

10 – 40 µm

10 – 150 µm

Particle Morphology

Irregular,
Nodular

Spheroidal,
Spherical

Spherical,
Spheroidal

Surface area, m2/g

0.4 – 0.6

0.3 – 0.5

0.3 – 0.4

Oxygen content, %

<0.5 %

<0.4 %

<0.3 %

Table 3 Comparison of aluminium PM, MIM and AM powders

but there is still a dearth of known
standards for aluminium.
Recycling of the powder from AM
processes is extremely important.
This is because of the difficulty in
handling the aluminium alloy powder

Specific surface area and
surface roughness
As metal AM shifts its focus from
prototyping to manufacturing, powder
properties will play an ever more

“Creating aluminium alloy powder
grades for the AM industry with
standard chemistries may be easier to
achieve, but the particle size distribution
needs to be tailored to the component
manufacturing method”
and ensuring that the recycled
powder is not segregated. A uniformly
blended alloy powder with a narrow
distribution of particles will always be
helpful in minimising the segregation.
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important role. Creating aluminium
alloy powder grades for the AM
industry with standard chemistries
may be easier to achieve, but the
particle size distribution of the powder

Metal Additive Manufacturing | Autumn/Fall 2016

needs to be tailored to the component
manufacturing method.
Specific surface area will also
become an important parameter,
since it is related to the shape of the
particles. The specific surface area
of aluminium powders is determined
by the size distribution and the
morphology and is measured by a
gas adsorption method based on
Brunauer-Emmett-Teller theory (BET)
(Fig. 4).
Most parts produced by powder
bed processes lack good surface
finish and, in some cases, a
secondary process is required to
obtain an improved result. AM
machine manufacturers and part
producers are continuing to improve
the surface finish and a uniform and
narrow distribution of powder will be
one of the factors in addressing this.

Other metal powder
based part manufacturing
processes: PM and MIM
It is beneficial to compare other
existing technologies which use
similar metal powder to AM. Powder
Metallurgy and Metal Injection
Moulding are two examples of other
processes used to make near net
shape parts. PM is primarily the
process of making parts via the press
and sinter route and many millions
of aluminium automotive parts have
been produced via this method. The
MIM process starts with a feedstock
made by mixing metal powders with a
thermoplastic binder and then injection moulding the parts, removing
the binder and sintering the parts
in a controlled atmosphere to make
the final parts. MIM is defined as a
relatively fast process to make large
numbers of complex shaped parts
and aluminium MIM is a relatively
new process within this category. A
table showing the three processing
routes and the typical properties of
the aluminium alloy powders used is
shown in Table 3.
One of the major challenges in
the processing aluminium powder
is the surface oxide coating on the
powder. The surface oxide coating

© 2016 Inovar Communications Ltd
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PM

MIM

Aluminium alloy powders

AM

Fig. 5 Sample parts using aluminium manufactured by PM, MIM and AM
PM

MIM

AM

Fig. 6 Powders manufactured by USMP and used in the sample parts shown in Fig. 5

of aluminium powder is typically
around 4 nm or higher in thickness
and is a major obstruction in liquid
phase sintering [4]. In PM and
MIM technologies, the presence of
magnesium in small percentages
helps to break up the oxide layer
and aids the achievement of a better
sintering process. The growth in
automotive parts produced via
aluminium PM technology is primarily
attributed to the demand for lighter
vehicles in order to improve fuel
efficiency. Aluminium PM powder
grades are prepared by blending
elemental powders or via the masteralloy route. However, the segregation
of powder is one of the challenges,

which has always been present from
the powder blending process through
to discharge into the compacting
press. In the PM process, high purity
nitrogen is the most commonly
preferred atmosphere in the sintering
process. Sample parts produced by
PM, MIM and AM are shown in Fig. 5.
The PM part is an as-sintered part
produced using the high strength
PM grade powder AMB 2712. The
MIM part was prepared by Ryer Inc.,
using its proprietary aluminium
feedstock prepared from MIM 6061
alloy powder [5] and the AM part
was produced from an AM AlSi10Mg
alloy powder. SEM photographs of
the powders used in each technology

are shown in Fig. 6. While PM uses
irregular powder particles, MIM and
AM technologies prefer a spheroidal
or spherical particle morphology. All
powder grades were manufactured by
United States Metal Powders, Inc.
Examples of the microstructures of
the aluminium-based materials using
PM, MIM and AM technologies are
shown in Fig. 7. The microstructure
of the as-sintered aluminium PM
part shows some porosity while the
MIM and AM show a much better
microstructures. Whilst comparing
the three processes, a nitrogen
atmosphere is essential for all
three technologies. The importance
of nitrogen has been explained by

Fig. 7 Microstructures of PM (AMB 2712), MIM (MIM 6061) and AM (AlSi10Mg) parts

Vol. 2 No. 3 © 2016 Inovar Communications Ltd
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Schaffer [7]. Both aluminium PM
and MIM processes uses high purity
nitrogen with a dew point around
-600°C and this improves the sintered
properties of the parts.
Aluminium PM has the advantage
of making relatively large parts in
the range 50 to 500 g, while MIM
can produce complex-shaped parts
ranging from micro-MIM parts to
100 g in size or larger. As metal AM
production speeds improve it could
surpass both of these technologies,
thus creating a solution for making
any type of part regardless of size and
shape.

Conclusion
Metal Additive Manufacturing
certainly brings numerous advantages
that are revolutionising industrial
component design. The widely
discussed AM fuel nozzle produced
by GE, for example, demonstrated the
capability of AM technology to make
a complex part that was previously
produced by combining as many
as twenty different components.
However, secondary processing such
as Hot Isostatic Pressing (HIP) is
often required to achieve improved
mechanical properties.
In the lightweight category,
aluminium carries an advantage
over titanium when it comes to both
availability and lower handling risks.
It is also much more economical
where lower strength properties are
applicable. The necessity for spherical
particles is unavoidable and inert
gas atomisation is the cost-effective
option compared to the alternative
spheroidisation technologies.
Whilst the capability of metal AM
production equipment continues to
evolve, the optimisation of powder

properties will also make a significant
contribution to the development of
the technology. Exploring blended
or bonded powder options may, for
example, be interesting in order
to offer the greatest flexibility for
materials with unique chemical
compositions.
As metal AM expands as an
industry, the flexibility of being able
to select the powder that best fits
the manufacturing technology is also
evolving. To meet these needs the
powder producer will have to ensure
delivery of high quality powder with
consistent properties. Producers will
also have to increase their ability to
deliver a narrow particle size distribution, with spherical shape, smooth
surface, improved flowability and
lower oxygen/oxide content.
As an increased number of
custom alloy powder grades evolve
for the aerospace industry the quality
requirements, as well as the required
powder characteristics, will increase.
Powder optimisation will become
increasingly important and a closer
relationship between the equipment
manufacturer, the powder producer
and the customer will be vital. The
speed of metal AM is increasing
and, as this leads to a high volume
production option, the aluminium
metal powder industry will continue
to grow.
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highlighted at Boston
conference
For the third consecutive year, the Metal Powder Industries
Federation’s Additive Manufacturing with Powder Metallurgy (AMPM)
conference was held in parallel with its long established POWDERMET
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jetting process.
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The binder jetting process uses a
glue-like binder selectively deposited
from a print-head to form 3D shapes,
layer by layer, with debinding and
sintering of the built component being
included in the post-build operations.
The build process itself is a low
energy and low thermal input process
that has the capability to work with
any material that can be processed
into powder and bonded together. One
of the major questions with binder
jetting is what process parameters,
for both the materials and machine,
are optimum for printing parts.
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Bulger and Paul Gangopadhya
(Netshape Technologies, USA),
described a process optimisation
study for the binder jet building
of a Type 420 stainless steel and
introduced a numerical model for
thermal debinding accompanying its
application to binder jetting.
The 420 stainless steel powder
used had a median particle size of
12 µm and the chemical composition

is shown in Table 1. The binder
used for the process was Lab
Binder 04, a solvent based binder
supplied by ExOne. This binder uses
polyvinylpyrrolidine (PVP), a water
soluble polymer, as its main bonding
agent. The parts built in these trials
were 7.5 mm cubes. An ExOne M-Lab
machine was used to create parts.
This binder-jetting machine features a
50 x 70 x 34.5 mm build bed.

Binder jetting of metals and
ceramics
A presentation made by Dongguo
Lin (Pohang University of Science
and Technology, South Korea) and
co-authored by Sundar Atre, Jason
Porter, Tim Batchelor and Kunal Kate
(University of Louisville, USA), Seong
Jin Park (also Pohang University of
Science and Technology) and Matthew

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

Fig. 1 The binder jetting process can be used to print complex designs from a
number of materials [1]
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Fe

Cr

Mn

Si

C

S

O

N

85.2998

13.6

0.1

0.5

0.42

0.0002

0.05

0.03

Table 1 Chemical composition of 420 stainless steel powder (wt%) [1]

Speed
(mm/s)

Saturation
(%)

Thickness
(mm)

1

3

120

0.1

2

3

95

0.085

3

3

70

0.115

4

2

120

0.115

5

2

95

0.1

6

2

70

0.085

7

4

120

0.085

8

4

95

0.115

9

4

70

0.1

Trial

Table 2 Taguchi matrix varying spread speed, binder saturation and layer
thickness [1]

Fig. 2 Cube specimens from Trials 1-9 [1]
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For the reported experiments,
heater power, heater time and
print speed were all kept constant.
The layer thickness, spread speed
and binder saturation were varied
to determine their impact on part
quality. Saturation is a computed
value within the ExOne program
defining how much binder is applied
to a given area. This is represented by
Saturation Level = Vbinder/Vair
where Vbinder is the volume of the
binder droplets and
Vair = 1-(PR/100)* Xspacing *Yspacing
*Layer thickness

where PR is the packing rate of the
powder, a ratio of the tap density and
nominal density. The layer thickness
controls how much the Z axis of the
part changes per layer. The spread
speed indicates how fast the roller
traverses when spreading the powder
over the build chamber.
To determine the influences of
these variables, a 3 x 3 Taguchi
matrix was created (Table 2). Using
the Taguchi method, nine different
processing combinations were
applied. For each combination, four
parts were built and tested, i.e. a
total of 36 parts to give an average
value and standard deviation for
each particular combination. After
the parts were built, they were cured
in an oven at 200°C for two hours to
activate the binder and densify the
part. All parts were then evaluated
in the green state, before debinding
and sintering. Each of the green parts
from the trials is pictured in Fig. 2 and
is labelled with the particular trial
number.
Trial 1 showed large errors in the
X and Y directions due to the high
saturation value of 120. The binder
pooled on the build plate causing
extra powder to be bonded to the
lower layers of the part. Trial 1 had
the highest overall dimensional and
weight error.
Trial 2 parts were the second
best in terms of dimensional error.
The parts showed very good edge
definition, although surface pores
and deformation could be seen along
some of the part sides.

© 2016 Inovar Communications Ltd
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Trial 3 parts showed very good
edge definition as in Trial 2, but
featured more pores and deformation
on the sides of the parts.
Trial 4 parts experienced the
second largest error in the X and Y
directions because of the high saturation value. The large amount of binder
once again caused excess powder to
be bonded to the parts, specifically
near the bottom of the parts. Edge
definition was poor and many cracks
and obvious locations where sections
had broken off were observed.
Trial 5 parts showed pores and
surface roughness along the sides
of parts starting from the bottom
of the part. The first layers of the
part featured both pores and excess
powder, creating a very rough surface.
Trial 6 parts featured very good
edge definition and low dimensional
accuracy error. The surface finish of
the parts was smooth with no obvious
pores or defects visible.
Trial 7 parts showed very good
edge definition, similar to the parts in
Trial 6. One Trial 7 part did show part
separation along a crack.
Trial 8 parts showed poor edge
definition as excess powder was
bonded to the faces of the cubes. The
parts featured good edge definition,
but the excess powder led to a high
dimensional accuracy error.
Trial 9 parts showed very good
surface finish and edge definition, but
broke into sections. Only one of the
four cubes remained intact, with the
other three breaking into a total of
seven parts.
The average dimensional error and
average mass values were calculated
for each trial (Table 3). Trials 1 and 4
had the highest mass values because
they both used a saturation value of
120. Trial 7 also had a saturation of
120, but had a lower mass because
of the smallest layer thickness of
0.085 mm. Using ANOVA and the L9
Taguchi results, the parameters that
caused the least dimensional error
were determined. This is illustrated
by a mean of means graph for each
parameter, Fig. 3, which shows that
a spread speed of 4 mm/s, a saturation percentage of 70 and a layer
thickness of 0.085 mm will create the

Vol. 2 No. 3 © 2016 Inovar Communications Ltd
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Average Dimensional Error (%)

Average Mass (g)

1

26.4 ± 8.9

2.43 ± 0.09

2

2.8 ± 0.4

1.91 ± 0.02

3

3.5 ± 0.5

1.84 ± 0.03

4

14.2 ± 3.6

2.29 ± 0.04

5

5.9 ± 0.5

2.00 ± 0.01

6

3.1 ± 0.4

2.05 ± 0.02

7

2.7 ± 0.8

2.02 ± 0.02

8

9.1 ± 2.0

2.13 ± 0.02

9

2.4 ± 1.4

1.85 ± 0.02

Table 3 Average dimensional error and mass values for 4 cubes during each
trial [1]

Fig. 3 Mean of Means for spread speed, saturation and layer thickness [1]

Fig. 4 Schematic diagram of binder removal mechanisms [1]
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Fig. 5 Relationships among viscosity, shear rate and temperature of liquid
binder [1]
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Fig. 6 Relationship between flow rate and differential pressure for the prepared
sample [1]

weight loss

1.2

2 K/min

1

5 K/min

0.8

10 K/min

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝑙𝑙𝑙𝑙
𝐴𝐴𝐴𝐴31 𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆 + 𝐵𝐵𝐵𝐵31 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 + 𝐶𝐶𝐶𝐶31𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 =𝜕𝜕𝜕𝜕 ∆𝑚𝑚𝑚𝑚
�𝐴𝐴𝐴𝐴𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆
�𝜕𝜕𝜕𝜕+
�𝐵𝐵𝐵𝐵
�𝐶𝐶𝐶𝐶32 � + 𝐶𝐶𝐶𝐶3
𝑙𝑙𝑙𝑙
32
32 𝜕𝜕𝜕𝜕� + 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝑐𝑐𝑐𝑐
=
=
𝜌𝜌𝜌𝜌
∙
𝑆𝑆𝑆𝑆
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕
𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝑙𝑙𝑙𝑙
𝑙𝑙𝑙𝑙
𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑆𝑆𝑆𝑆
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝐴𝐴𝐴𝐴31
+𝑙𝑙𝑙𝑙 𝐵𝐵𝐵𝐵31
𝐶𝐶𝐶𝐶31
== �𝐴𝐴𝐴𝐴�𝐴𝐴𝐴𝐴
�𝑙𝑙𝑙𝑙 +
�𝐵𝐵𝐵𝐵
��++ �𝐶𝐶𝐶𝐶
∆𝑉𝑉𝑉𝑉
𝐴𝐴𝐴𝐴𝑙𝑙𝑙𝑙 �
𝐵𝐵𝐵𝐵11𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 ++
�𝐶𝐶𝐶𝐶32 ��++𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶31
11
11
𝐴𝐴𝐴𝐴31
+ 𝐵𝐵𝐵𝐵31
+ 𝐶𝐶𝐶𝐶31
=
�𝐴𝐴𝐴𝐴
+ +�𝐵𝐵𝐵𝐵
�𝐶𝐶𝐶𝐶+
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
+ 𝐶𝐶𝐶𝐶� +𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 �𝐵𝐵𝐵𝐵3212𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 �𝐶𝐶𝐶𝐶
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 3212
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 12𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 32 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 32𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 32
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 3 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
∆𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣
𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 =
= 𝜌𝜌𝜌𝜌𝑣𝑣𝑣𝑣 ∙ 𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔 ∙ 𝛿𝛿𝛿𝛿
∆𝑉𝑉𝑉𝑉

0.0045

2 K/min

0.004

5 K/min

0.0035

10 K/min

0.003
0.0025

0.6

0.002

0.4

0.0015
0.001

0.2
0

best parts dimensionally, with sharp
(i.e. polymer liquid, polymer vapour and atmospheric air)
corners, a smooth surface finish and
were employed, as shown in following equations:
few if any surface defects.
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙
The second part of the reported
+
= −𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
work involved the development of
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
a numerical model for thermal
+
= 𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
debinding and its application to binder
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙
= −𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 +
𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
jetting. Thermal debinding is an
𝑣𝑣𝑣𝑣
+
=0
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
important methodology for removing
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
+
= −𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
+
= 𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
the binders in powder-binder
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙
+where
= −𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙 is the rate of mass
mixtures and is widely used in the
of polymer
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 transformation
𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
+
= 𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
post-processing of binder jetted parts.
liquid to
polymer
concentration and
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕is the
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 mass
+
= 0vapour, c
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
+
= −𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
∆𝑚𝑚𝑚𝑚
Failure in this process can cause
J is flux.
+
= 𝑚𝑚𝑚𝑚
̇ 𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙 = 𝑙𝑙𝑙𝑙 = 𝜌𝜌𝜌𝜌𝑙𝑙𝑙𝑙 ∙ 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝑣𝑣𝑣𝑣 𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
𝑙𝑙𝑙𝑙 𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽
∆𝑉𝑉𝑉𝑉
+
=
−𝑚𝑚𝑚𝑚
̇ 𝑙𝑙𝑙𝑙 also
+
0
defects, including residual binder,
The mass concentration
can
be=
represented using
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
+
= 𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
∆𝑚𝑚𝑚𝑚
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐
𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽
𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣
cracks and contamination, in the final
the
equations:
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
+𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 =
= 0 = 𝜌𝜌𝜌𝜌𝑣𝑣𝑣𝑣 ∙ 𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔 ∙ 𝛿𝛿𝛿𝛿
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 ∆𝑉𝑉𝑉𝑉
+
= 𝑚𝑚𝑚𝑚̇
sintered parts.
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣 𝑙𝑙𝑙𝑙
∆𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣
+
=0
∆𝑚𝑚𝑚𝑚
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
Thermal debinding is a compli𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 =
= 𝜌𝜌𝜌𝜌𝑙𝑙𝑙𝑙𝑣𝑣𝑣𝑣 ∙ 𝑔𝑔𝑔𝑔 ∙ 𝛿𝛿𝛿𝛿
𝜕𝜕𝜕𝜕𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝜕𝜕𝜕𝜕𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣
𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙∆𝑉𝑉𝑉𝑉
=
= 𝜌𝜌𝜌𝜌𝑙𝑙𝑙𝑙 ∙ 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙
+
=0
∆𝑉𝑉𝑉𝑉
cated process combining binder
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
∆𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙
∆𝑚𝑚𝑚𝑚
𝑣𝑣𝑣𝑣
evaporation, liquid transport, gas
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Fig. 7 Polymer pyrolysis behaviour: (a) weight loss vs. temperature, (b) weight loss rate vs. temperature [1]
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AMPM2016: Binder jetting technology

The permeability of porous powder media was
measured using a capillary flow porometer. The sample
was prepared by mixing 316L stainless steel powder with
a polyethylene binder using a twin-screw extruder and
was moulded and debound before measuring its permeability. Fig. 6 shows the permeability testing results.
The polymer pyrolysis behaviour was studied using
thermal gravimetric analysis (TGA) experiments. Fig. 7
shows the polymer pyrolysis behaviour of polyethylene,
which was expressed using the polymer decomposition
equation.
The experimentally derived material coefficients can
be introduced into the proposed numerical model for
the analysis of the thermal debinding process in binder
jetting.

A clear path to large AM parts
A presentation from Eric Bono and Fred Yolton (Puris
LLC, USA) discussed their company’s focus on the 3D
printing of large parts and the reasons why binder jetting
AM technology has been adopted as an enabler for this
objective. The presentation began with the outlining of the
driving forces for the adoption of near net shape forming
in general and of powder-based forming technology in
particular, with particular reference to large aerospace
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Slattery, K. (Boeing), Titanium Alloy Development Needs f or Commercial Airf rames, 2nd SIAIAS Symposium, 2008, South Af rica.

Fig. 8 Contribution of machining costs to total component
costs (titanium alloy aerospace applications) [1]

The coefficients in the final form are the functions
∆𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣
𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 =
= 𝜌𝜌𝜌𝜌including
𝑣𝑣𝑣𝑣 ∙ 𝑔𝑔𝑔𝑔 ∙ 𝛿𝛿𝛿𝛿
of several material properties,
polymer liquid
∆𝑉𝑉𝑉𝑉
viscosity, permeability of porous media, polymer pyrolysis,
polymer mobility, polymer diffusivity, capillary pressure,
polymer vapour pressure, etc. These parameters should
be determined by specific experimental routes or
empirical
models.
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
(𝜌𝜌𝜌𝜌𝐶𝐶𝐶𝐶)𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 temperatures
�𝑘𝑘𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
� − (𝐶𝐶𝐶𝐶liquid
= 𝑄𝑄𝑄𝑄 = ∆𝐻𝐻𝐻𝐻𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑚𝑚𝑚𝑚̇ 𝑙𝑙𝑙𝑙
𝑙𝑙𝑙𝑙 𝐽𝐽𝐽𝐽𝑙𝑙𝑙𝑙 + 𝐶𝐶𝐶𝐶𝑣𝑣𝑣𝑣 𝐽𝐽𝐽𝐽viscosity
𝑣𝑣𝑣𝑣 + 𝐶𝐶𝐶𝐶𝑣𝑣𝑣𝑣 𝐽𝐽𝐽𝐽𝑣𝑣𝑣𝑣 ) at−different
The
polymer
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
was measured using a plate-plate type rheometer and
the results were expressed using the Cross model.
Fig. 5 shows the relationship between the shear rate and
viscosity of polyethylene (the selected polymeric binder).
The viscosity decreased with increasing temperature and
shear rate.

Fig. 9 Economics of powder particle size distribution
choice [2]
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Fig. 10 Near Net Shape Numerical Modelling [2]
components. Near net shaping is
driven by the desire to eliminate
machining operations as a recognised
major contributor to total component
costs (see Fig. 8). In addition, powderbased routes offer superior control
over fine microstructures, isotropic
properties and reduced scatter in
achievable properties.
The challenges in Additive
Manufacturing of large parts were
defined as:
• Residual stress control
• Avoidance of microstructural
degradation
• The impact of powder costs
• Processing speed (or lack of it)
• Scalability of equipment
The benefits of binder jetting
over AM technologies involving
powder melting in addressing these

challenges were discussed. It was
stated that uneven heating during
build up with powder melting makes
residual stress control in large parts
and at corners challenging. The
expedient of removing a part-built
component from the system and
stress relieving before continuing
with printing is often employed. On
the other hand, as binder jetting is
carried at near-ambient temperatures, residual stress generation is
not an issue. Whereas any powder
melting technology alters the powder
microstructure significantly, binder
jetting retains the starting powder
microstructure and results in a
microstructure akin to direct HIPping.
Powder costs, of great significance
in large part AM, can be controlled in
binder jetting through the ability to
use a somewhat wider and coarser
particle size distribution (Fig. 9).

Fig. 11 Near Net Shape product example [2]
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The limitations in the capability for
multiple re-use of powder in Electron
Beam Melting, without detriment to
resultant component properties, were
also highlighted in this context.
Although Puris is not an equipment
manufacturer, its view is that it would
seem easier to scale-up binder jetting
in comparison to air-tight systems.
Puris’ near net shaping approach was
described as a holistic one, which was
dependent on part shape, size and
production quantities. Their ‘tool box’
was defined as including the largest
3D ExOne printers in the world and
patent-pending powder densification technologies. In all cases, the
processing technologies start from
powder feedstock.
The AM printing approach involves
printing of the component, followed by
debinding, pre-sintering, canning and
HIPping. Use is made of numerical
modelling to quantify deformation
during the HIP process (Fig. 10).
Examples of current near net shape
and complex shape applications are
shown in Figs. 11 and 12.
In summarising the current
capabilities and limitations it was
stated that there is a near limitless
choice of materials available. The
focus is on large components in the
5 -5,000 lb range and, in terms of the
level of detail, the current minimum
section thickness is 0.1 inch. Ultimately, investment cast tolerances
will be targeted.

Fig. 12 Complex shape example (compressor housing
section [2]

© 2016 Inovar Communications Ltd
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Fig. 13 TTP’s nozzle-free inkjet system employing electrostatic
ejection [3]

Inkjet printing without
nozzles
A presentation from Chris Hole (The
Technology Partnership, UK) was
not directly concerned with binder
jetting, but rather discussed a novel
3D inkjet printing technology. In its
technology portfolio, The Technology
Partnership (TTP) has been a major
2D printing technology supplier for
more than 25 years. The presentation first highlighted the potential
advantages of using electrostatic
inkjet printing (as opposed to
conventional mechanical ejection
inkjet printing) in a 3D scenario for
Additive Manufacturing. Principal
among these advantages was the
potential for very high build rates,
as the use of highly parallel nozzle
arrays is routine and the technology
avoids the use of powder beds as the
powder is carried within the ink.
Mechanical ejection inkjet
printing does have some limitations (for example in the required
use of low viscosity carrier fluids
and in the occurrence of particle
sedimentation). TTP has nozzle
based (i.e. mechanical ejection)
printing technology, which extends
the viscosity and sedimentation
envelopes significantly and is also
capable of handling non-conducting
materials (e.g. polymers). However,
the key to enabling a step change in
build rate was identified as the need

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

Fig. 14 Direct to packaging printing as shown in
this example on a beverage can [3]

to avoid the use of nozzles entirely
and the main message of the
presentation was therefore ‘inkjet
printing without nozzles’.
TTP’s development of electrostatic ejection as a means of
avoiding the use of nozzles was then
highlighted. The principles of this
technology are shown schematically
in Fig. 13. 3D printing with this
technology was demonstrated
around 15 years ago. However, at
that time, the AM market was still
small and, therefore, the company
chose to exploit the technology in
the 2D application area of direct to
package printing (Fig. 14). With the
surge in interest, the company has
recently re-visited the AM market.
Existing solids deposition rate in
package printing is 120cm3/hour (i.e.
ten times faster than powder bed
SLM) and higher build rates still are
expected with the larger particles
used in AM. The technology operates
with four standard heads and with
5 µm layers, five times thinner than
SLM. There is full multi-material
capability and the technology could
even work with SLM for multimaterial powder beds (working as a
digitally addressable re-coater bar).
Drop size variation is also possible.
Systems can be integrated with
conventional inkjet heads.
TTP stated that it is now seeking
to partner with an established
AM equipment supplier in taking

this technology forward and also
to interact with leading users to
develop specifications.
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AMPM2016: New material
developments in metal
Additive Manufacturing
technology
In the second of our reports from the Metal Powder Industries
Federation’s Additive Manufacturing with Powder Metallurgy (AMPM)
conference, Dr David Whittaker reports on three presentations that
highlighted developments in the processing of novel AM materials.
These include tungsten for nuclear fusion applications and copper
alloys for applications which require high electrical conductivity.

Additive Manufacturing of
tungsten
Extending the reach of metal Additive Manufacturing into new material
types was the focus of a number
of contributions to the AMPM2016
programme. A presentation from
Jonathan Wright (University of Sheffield, UK), co-authored by Iain Todd
(also University of Sheffield), focused
on the Additive Manufacturing of
tungsten, with particular reference
to components for nuclear fusion
reactors.
Nuclear fusion mimics the
process of energy generation in the
sun and involves the collision of
nuclei of the isotopes of hydrogen
(deuterium and tritium), causing
them to fuse together to form
helium nuclei and release energy
in the form of neutrons. There is
significant interest in the potential
development of nuclear fusion
because, unlike nuclear fission, the
process generates no long-lived
radioactive waste.

Vol. 2 No. 3 © 2016 Inovar Communications Ltd

The temperatures involved in
nuclear fusion are very high (100
million °C). The most promising
means of achieving these conditions
is ‘magnetic confinement’ of the hot
gas, as a plasma, in a ring-shaped
magnetic chamber known as a

tokamak (Fig. 1). A tokamak, developed at the Joint European Torus
(JET) at Culham, UK, has produced
16 megawatts of fusion power
and proved its technical feasibility
using deuterium and tritium. The
challenge now is to prove that

Fig. 1 Nuclear fusion is a promising option for generating large amounts of
low carbon energy [1]
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Fig. 2 The divertor is used to remove waste products and extract heat via
active cooling [1]

Fig. 3 Contour map of achievable porosity level versus layer thickness and
exposure time [1]
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fusion can work on a power plant
scale. International fusion research
is following a roadmap to achieve
power generation within 30 years.
The next stage in this programme
is ITER (the International Tokamak
Experimental Reactor), a multinational project at Cadarache in the
south of France. ITER will be a 500
megawatt tokamak, equivalent to a
small power plant.
Tungsten has emerged as one
of the prime candidate materials
for the plasma facing components
in a tokamak in the next generation fusion plant (ITER), because
of its high level of melting point
(3683°C), thermal conductivity
(174 W/mK) and thermal diffusivity
(6.9 x 10-5). However, because of its
high hardness (900 Hv), tungsten
is problematic to machine and,
therefore, net- and near-net -shape
manufacturing technologies are of
significant interest. In this context,
therefore, Additive Manufacturing is
of potential interest and the reported
study related to the assessment of
the viability of the Additive Manufacturing technologies, Selective Laser
Melting (SLM) and Electron Beam
Melting (EBM), in this context.
The target application was
referred to as a divertor, a component used to remove waste products
from the system and extract heat via
active cooling (Fig. 2). The SLM study
used a Renishaw SLM 125 machine,
operating with a pulsed 200 W laser
and an argon atmosphere. A full
factorial design of experiment study
was carried out, with the variables
being layer thickness, beam speed
and hatch spacing. The results were
presented in the form of contour
plots of % porosity versus layer
thickness and exposure time (Fig. 3).
The conclusions drawn were that
95% density was achievable, but that
this was limited by layer thickness
and power density. The results
suggested that, to reduce porosity,
higher energy density is needed via
either thinner layers or higher beam
power. This part of the presentation
led to the conclusion that, for SLM,
further process optimisation was
required.

© 2016 Inovar Communications Ltd
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EBM was studied using the
ARCAM Electron Beam Melting
process, which involves pre-heating
the build plate and powder bed (to
1000°C) and operation in vacuum.
Fig. 4 shows a schematic of the
process. The advantage of EBM
over SLM is that much higher beam
power is available (3000 W cf. 200 W).
The disadvantage is that the standard
ARCAM machine has a large build
tank and, therefore, a large powder
volume is required.
The first stage of this work was
the development of the process
to operate with a small build tank
(Fig. 5). Initially, the small build
tank was evaluated with Ti-6Al-4V
powder. The issues identified were
heat loss, leading to the creation of
smoke or hard sintering, and, as the
time for the beam to cover the plate
is faster, again smoke generation is
a problem. The developed solutions
were to maintain the energy density
and beam return time in preheating
and to introduce additional heating
steps during the melt stage to
counteract heat loss without raising
the maximum layer temperature.
Following this optimisation work,
the EBM of tungsten was studied,
with a build temperature of around
1000°C, a manual preheat, a hatch
melt sequence and a build layout
with wafer supports. It was found
that, with EBM, a density of 99.9%
was achievable. It was concluded
that EBM could provide a method
for simplifying the manufacture of
complex geometries in tungsten
for the fusion environment. Further
work would involve mechanical and
thermal testing of built material and
the production of test components.

AMPM2016 : New material developments

Fig. 4 Schematic of the EBM process [1]

Fig. 5 Small build tank for EBM [1]
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A presentation from Jack Edgerton
(Loewy Institute, Lehigh University,
USA) reported on the metallographic
characterisation of copper alloys
fabricated by Selective Laser Melting.
The principal author of the reported
study was Anthony Ventura (a PhD
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208
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267
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21.00%
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Table 1 As-printed and heat treated mechanical properties and conductivities
for Cu-4.3%Sn alloy [2]
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As-Printed

600°C for 1 hour

900°C for 1 hour

Build Direction 

Fig. 6 Base microstructural characterisation [2]

IPF
[001]

Fig. 7 Grain morphologies with IPF mapping [2]

• A “standard” anneal at 600 °C
for 1 hour (Argon atmosphere)
• A high temperature anneal
at 900 °C for 1 hour (Argon
atmosphere)

1 µm

Fig. 8 TEM analysis of a weld line in an as-built sample [2]
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The material used was an air
atomised Cu-4.3%Sn alloy powder.
This material was defined as being
similar to a C-510 bronze, but
without a phosphorus addition. AM
samples were built at TE Connectivity, using an EOS M280 200W
DMLS machine.
The achievable mechanical
properties and conductivity in the
as-printed and heat-treated conditions are shown in Table 1. In terms
of conductivity, the %IACS is based
on the resistivity of commercially
pure annealed Cu. The measured
properties were within the range of
currently used conductive alloys. It
was concluded that successful and
repeatable production of Cu-4.3Sn
components via SLM, with reasonable conductivity and a moderate
range of mechanical properties, has
been demonstrated.

© 2016 Inovar Communications Ltd
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Base microstructural
characterisation showed that, in
the as-printed condition, grains
appear to grow epitaxially from
previously un-melted layers (Fig. 6).
The IPF results (Fig. 7) showed that
annealing at 600 °C had no effect
on grain morphology, whereas
there was a significant change on
annealing at 900 °C. Assessment
of dislocation densities in the three
conditions tended to mirror the
same observations. Annular bright
field STEM showed oxide particles
to be present in the as-printed
condition and the authors believed
that these particles arise from
oxidation on the surface of the
source powder. The oxide particles
appear to be similar for the
as-printed and the 600 °C annealed
conditions, but their size had grown
after the 900 °C anneal. It was felt
that these particles may be acting
as grain boundary pinners. TEM
analysis across weld lines in the
as-built condition showed a change
in the cellular sub-structure
(Fig. 8). STEM and corresponding
EDS mapping of the cellular
substructure showed tin segregation remaining after solidification.
Significant influences of the
thickness of printed samples
(Fig. 9) and of various surface
finishing treatments (Fig. 10) on
as-printed mechanical properties
were observed. The as printed
surface texture was irregular and
showed the presence of a porosity
band. The grit blasted sample
showed an improved surface finish,
some cracking at the surface and
a possible beneficial compressive
stress at the surface. Hand
grinding gave the best surface
quality, with a very even finish
and no cracking. Electropolishing
created greater irregularity than
in the as printed condition with a
visible porosity band. While ASTM
recommended specifications had
been used in electropolishing, it
was considered that some further
process parameter optimisation
might be possible. However, this
was not within the scope of this
project.

Vol. 2 No. 3 © 2016 Inovar Communications Ltd
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400.00
350.00

Engineering Stress (MPa)

student in the Loewy Institute) and
the study arose from a collaboration
involving other colleagues at the
Institute and Greg Pawlikowski and
Martin Bayes of TE Connectivity,
USA.
The project was motivated by the
fact that there are limited existing
alloy systems in AM technologies to
address applications which require
high electrical conductivity. The
objectives were to understand the
role of alloying element segregation
in resulting SLM microstructures
and to determine the effect of
post-fabrication heat treatment
on mechanical properties for a
copper alloy. The approach chosen
was to optimise the density of the
as-printed component by varying the
process parameters and to characterise the as-built microstructure
and properties and the effect of
post-processing heat treatments on
the microstructure and mechanical
properties to determine and
understand a window of attainable
properties. The post-processing
heat treatments applied were:
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Fig. 9 Effect of as-built sample thickness on the stress-strain properties of
SLM Cu4.3Sn [2]
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Fig. 10 Effect of surface finish on the stress-strain properties of SLM
Cu4.3Sn [2]

Selective laser melting of
nickel-base superalloys for
turbocharger applications
Finally, the selective laser melting
of nickel-base superalloys for
turbocharger applications was the
subject of a presentation, made
by Charlotte Boig (University of
Sheffield, UK) and co-authored
by Iain Todd (also University of
Sheffield), Michael Burkinshaw
(Cummins Turbo Technologies, UK)
and Andrew London and Michael
Moody (University of Oxford, UK).
The aim of the reported study was
to define the required process and
compositional control for the robust
manufacture of defect-free IN713C
SLM turbine wheel components
(Fig. 11).

The identified problem was that
SLM is prone to introducing certain
defects and the target component is
fatigue life limited and therefore very
sensitive to the presence of defects.
The types of defects that could occur
were identified as gas porosity, lack
of fusion and micro-cracking (Fig. 12).
In order to conduct a systematic study
of SLM process effects, the concept of
energy density, Eo, was introduced.

where q is laser power, v is laser
velocity, l is laser thickness and h is
hatch spacing.
In order to include a range of
dissimilar materials in an analysis,
energy density could be further
normalised, through the inclusion of
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200 μm

IN713C

Fig. 11 IN713C SLM turbine wheel (Image from ref. 3 and courtesy of Cummins
Turbo Technologies) [3]
material-specific values for material
density, heat capacity, melting
temperature and bed temperature.

Process effects can then be
considered on the basis of normalised
process maps (Fig. 13). Normalised
process maps were used to specify
a Design of Experiment (DOE) study.
Cube samples of varying size were
built using a Renishaw 125 SLM

system. Layer thickness was held
constant at 20 µm and the variables
studied were hatch spacing, laser
velocity and cube size. Sections in the
x-y and x-z planes were examined.
Gas porosity and lack of fusion melt
splashing defects were observed in
both planes. Melt splashing defects
were more prevalent when normalised energy density was high and were
more prevalent in the x-y plane than
in the x-z plane. Regression analysis
showed that gas porosity increased
as laser velocity decreased and hatch
spacing increased. The effect of cube

size was found to be insignificant.
From this analysis, it was concluded
that gas porosity and melt splashing
can be minimised through judicious
selection of processing parameters.
However, for the robust SLM manufacture of IN713C components, the
mechanism of crack formation still
needed to be understood in order to
mitigate against it.
In order to assess the potential
contribution of chemical compositional segregation in the as-fabricated
microstructure, studies were carried
out using Atom Probe Tomography
(ATP). The use of this characterisation
technology was the University of
Oxford’s contribution to the collaboration. Needle-shaped ATP specimens
were removed from the built microstructure, using a Focussed Ion Beam
(FIB) procedure. The atom maps
created by the ATP studies showed
the clustering of carbon, boron and,
to some extent, zirconium at dendrite
boundaries (Fig. 14).
These observations could be
evidence of segregation of C, B or
Zr and B and Zr are known to be
deleterious for welding operations,
which SLM could be deemed to
be on a micro-scale. Alternatively,
carbide or boride precipitates could
have formed, with such precipitates
potentially contributing to crack
susceptibility through a high dislocation density created by their incoherence with the matrix.

20 μm

200 μm
Fig. 12 Defects in SLM IN713C [3]

In future work, line scans in ATP
will be carried out over individual
clusters to determine whether
carbides or borides are present.
At this stage, it has been concluded
that ATP is providing valuable insights
into nano-scale compositional effects,
but that further assessments are
needed in the investigation of the
crack susceptibility of IN713C. The
question to be pursued is to whether
minor elemental compositional
adjustments could reduce crack
susceptibility and make such difficult
alloys processable by SLM.

Gas porosity

Micro-cracking
20 μm
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