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A young technology with a lot of potential

4

Prof. Dr Andreas Pinkwart
Minister of Economic Affairs,
Innovation, Digitalisation
and Energy of

North Rhine-Westphalia

INNOVATIONS MADE IN NRW

Dear readers,

North Rhine-Westphalia is a leading industrial location that is strong on
innovation and has a global impact. Its industry creates value and indus-
trial growth, with a unique mix of specialised SMEs and larger busi-
nesses. It provides environmental, economic and social stimuli, assures
many good jobs and enjoys a good standard of living.

The mechanical engineering and plant construction industry has a par-
ticular role to play. Not only is it the state’s largest industrial employer,
but it also sets the pace for many other sectors through its role as an
equipment supplier. Additive Manufacturing plays a significant part in
this regard, since it can be used to develop and manufacture new prod-
ucts so much more quickly. It is thus an important complement to tra-
ditional manufacturing processes. This new manufacturing technology
has strong roots in North Rhine-Westphalia. Pioneers and prominent
corporations in the Rhine-Ruhr-Lippe region have adopted Additive
Manufacturing and are thus investing in the future viability of the state.

The state government supports them in this undertaking. We are driv-
ing forward research in the area of Additive Manufacturing and ensur-
ing the best preconditions are in place for our enterprises to respond
to changing market demands and develop new areas of business. Our
objective is to explore the huge potential offered by this technology
even further and turn it into a driver of growth in North Rhine-West-
phalia.

The series “Innovations made in NRW" published by the state cluster
ProduktionNRW highlights the many positive developments in the
state, with a particular focus in this issue on the strengths of Additive
Manufacturing.

e,
Vpilore v

Yours,
Prof. Dr Andreas Pinkwart




ProduktionNRW

Cluster Maschinenbau/Produktionstechnik

Trailblazing products
with Additive Manufacturing

Wolf D. Meier-Scheuven
Cluster Spokesman
ProduktionNRW

Dear readers,

One of the reasons the mechanical engineering industry in North
Rhine-Westphalia is so strong is its good networking. SMEs and large
companies, research institutes and universities work closely together
to develop advanced products in line with their customers’ needs and
find solutions for the challenges of our times. Besides providing an
important foundation for the power of innovation of the industry,
sharing knowledge and information also leads to trailblazing results in
Additive Manufacturing.

This method of tool-free manufacture is taking on an increasingly
important role in production in North Rhine-Westphalia. Its benefits are
best seenin areas where conventional manufacturing reaches its limits.
So, for example, in prototyping, individual spare part manufacture, and
components with a complicated geometry, Additive Manufacturing
makes efficient and commercially viable production a possibility. It also
paves the way for many new business models. As a result, customers
can receive the prototypes, tools or components they want, with the
same functions, reliability and long service life as those made by con-
ventional means, within a very short timeframe.

The many different examples of application in our innovation magazine
“Innovations made in NRW" illustrate the commitment shown by the
mechanical engineering industry in NRW. They highlight the huge
opportunities offered by Additive Manufacturing, while also showing
where the challenges lie. This magazine will provide businesses in the
sector with valuable assistance in deciding how to implement their own
innovative manufacturing processes.

| hope you enjoy this issue and find it a source of inspiration!

Yours,
Wolf D. Meier-Scheuven

INNOVATIONS MADE INNRW 5
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Well networked for Additive Manufacturing

JESSICA GORES

Resource-efficient manufacture of complex parts with no need for tools? What is commonly known
as 3D printing has long been a topic at the heart of mechanical engineering. More than 140 compa-
nies, universities and research institutes have recognised the fact, and have joined VDMA's Additive
Manufacturing working community. There is strong representation from players in NRW.

Lightweight design engineers go into
raptures when it comes to analysing
bird skeletons, mushrooms or trees.
After all, nature creates the perfect
compromises between stability and
weight optimisation. But efforts to
translate nature’s models into bionic
structures have long failed because
of the complexity involved. Machining
and casting processes reached their
limits, especially where low-volume
production was involved. It was rarely
cost-effective to run to the expense of
the forming process.

But Additive Manufacturing (AM) is
now turning everything on its head.
Because components are built up layer
by layer using powder, wire or polymer
filaments, the result is almost total
freedom of design. Wall thicknesses

can be varied to suit the intended
loads, and hollow areas with stabilising
honeycomb and lattice structures can
also be included in the components, for
example cooling, pneumatic or hydrau-
lic channels. And there are many exam-
ples of functional integration, whether
cable holders with a clamping function
or pneumatic grip systems whose struc-
ture is used to direct the air.

Varying wall thicknesses, hollow spa-
ces, honeycomb structures — these are
the principles of bionics. And additive
process chains put them into practice.
It all starts with the interplay between
digital design and simulation to deter-
mine the ideal component structure.
The digital datasets can be printed
directly, which involves arranging as
many virtual components as possible

in the system’s build space in the inter-
ests of efficiency. At the end of the
printing process, they are heat-treated
as appropriate, the material residues
are removed, the components are sep-
arated out and post-processed.

Objective: industrial implementation
of additive process chains

There is room for improvement in all
stages of this broadly outlined process
chain. After all, AM is a young field of
technology: it is established in the area
of prototyping, but in series manufac-
turing processes the various additive
metal and polymer processes still need
to be proven. The good news is that
more and more companies and re-
search institutes have decided to give
AM processes that opportunity.

Beam melting / 3D printing / Fused layer Polyjet Stereo- Laminated layer DMD, EBW,
sintering (LBM, binder jetting modelling / lithography modelling MPA, hybrid
EBM, LS, HSS) freeformer systems
Metal, Plaster, ceramic, Thermoplastics Photopolymers Photopolymers Paper, Metals
polymer quartz, metal, (+ fillers, including (+ fillers), wax (+ fillers, polymer, CFRP (powder, wire)
polymer metallic) e. g. ceramic)
Prototypes, Prototypes, Models, Models, Models, Patterns, Individual
small series, models, prototypes, prototypes, prototypes models components,
tools, functional casting moulds ~ consumer articles ~ casting moulds small series,
components tools, repairs

And some more: extrusion, screen printing, gel-dispensing...

The many different processes in Additive manufacturing.

6 INNOVATIONS MADE IN NRW



An important meeting place for the
growing community is VDMA's Addi-
tive Manufacturing working commu-
nity. Its more than 140 member com-
panies and institutes have come to-
gether since it was founded in mid-
2014 to drive forward the industrial
implementation of additive process
chains. These include a number of
leading research institutes from NRW,
such as the Direct Manufacturing Re-
search Center (DMRC) of the Univer-
sity of Paderborn, the Rapid Techno-
logy Center (RTC) of the University of
Duisburg-Essen, and RWTH Aachen
University, with its Institutes for Laser
Technology (ILT) and the School of
Production Engineering of E-Mobility
Components (PEM). In addition, two
dozen suppliers, manufacturing service
companies and industrial users from
North Rhine-Westphalia also partici-
pate in the working community.

“The strength of our open working com-
munity lies in the way players from all
parts of the value chain work together,”
says Rainer Gebhardt, who as project
manager is responsible for the growing
network within VDMA. New members
join every month and contribute their
own specific expertise. The result is a
point of culmination where fresh ideas

and new players have the opportunity
to meet and share with established
industry heavyweights.

Many of the members are applying
long years of experience in other indus-
tries to additive processes. Because
viewpoints of AM plant manufacturers
and their suppliers are being brought
together with the experience accrued
by software and automation special-
ists, providers of materials, process
gases, vacuum and air purification
technology, and industrial users and
manufacturing service providers, the
working groups within the working
community gain a quite sophisticated
view of the situation.

Driving forward automation

and standardisation

The members are aware of the strengths
offered by additive processes. They know
about freedom of design, resource effi-
ciency compared to machining pro-
cesses, the opportunities for individu-
alisation and repair by adding new
layers, and the short waiting times that
a totally new and decentralised spare
parts logistics system using print-on-
demand processes makes possible.
But they also know that there are still
a few hurdles to overcome along the

ProduktionNRW
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way toward efficient additive mass
production.

Most recently, they have developed an
“automation roadmap”, illustrating the
ways forward to Additive Smart Facto-
ries. And as part of a “printing devices
working group”, they elaborate stand-
ards to make the freedom of design
offered by additively manufactured fit-
tings, valves and pipe manifolds usable
in line with the European Pressure
Equipment Directive in the future. “We
are combining our accumulated exper-
tise and experience to make additive
methods fully ready for use in indus-
trial processes as quickly as possible,”
says Gebhardt. And ultimately, it will
involve anchoring Additive Manufac-
turing, free of all hype, as a long-term
theme in the German mechanical engi-
neering and plant construction indus-
try, in policy-making and among the
broader public.

®

Jessica Gores

Public Affairs

VDMA Additive Manufacturing Working
Group

Frankfurt am Main
https://am.vdma.org

Material, logistics, EHS, maintenance

Preparation
for manufacture

Preparation
for manufacture
(hybrid)

Post-
processing

Process
monitoring

Removal,
cleaning

preparation

Preparation
for digital
manufacture

Plant operation Component information

Digital component document, uniform format

Automation roadmap to the Smart Factory.
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LightHinge+, the ultra-light bonnet hinge

ERIC KLEMP AND JENS CHRISTOFFEL

Additive Manufacturing processes offer
a wealth of opportunities, and when the
right knowledge for the application in
questionis available and properly used,
significant potentials are the result. In
addition to putting lightweight design
into practice, this also includes inte-
grating functions that were previously
considered impossible. One example of
this combination of experience, knowl-
edge and motivationis the LightHinge+
bonnet hinge, which is the result of this
kind of interdisciplinary collaboration.

Efficient engineering enabled the weight
of the hinge to be reduced by 52 per-
cent, while incorporating a pedestrian
protection function. The production and
post-production processes were also
shortened, resulting in distortion-op-

timised, tool-free manufacturing with
minimal post-processing.

Bonnet hinges are fitted to all vehicles
and the standard product made of
sheet metal, die-cast or forged, will
weigh 1.5 kg. They are subject to very
stringent safety requirements. In the
event of a collision, state-of-the-art,
active bonnet hinge systems provide
additional protection for pedestrians
by actively raising the bonnet: in a
crash, a pyrotechnic actuator that trig-
gers in a fraction of a second will lift
the bonnet by a few centimetres.

Complex kinematics are required for
this function to work. It consists of up

In addition to the
technical benefits,
the LightHinge+
also offers a design
with visual appeal.

Photos: EDAG Engineering

to 40 individual components, with high
tooling and assembly costs. Because
this is highly labour-intensive, a mass-
production solution is not economi-
cally possible. Reasons of design and
inadequate space at the vehicle's front
end also stand in the way of implemen-
tation. This was the context in which
the project partners began working
together to implement a reasonably
priced, functional and lightweight solu-
tion.

Using creative methods, an interdisci-
plinary team applied new conceptual
and achievable solutions to create a
new component. Input came, firstly,
from the automotive expertise of the
lightweight design, safety and coach-
work experts at EDAG, and the ex-
pertise with Additive Manufacturing
materials and manufacturing oppor-
tunities, and simulation skills, offered
by Simufact.

The first step was to select a material
that would fulfil the stringent demands
in terms of strength and stiffness,
while being suitable for use with Addi-
tive Manufacturing processes. This
was followed by topology optimisation,
to produce a strong yet light bionic
design. To minimise the requirement
for supporting structures imposed
by the process, the project partners
worked closely on design, development,
calculation and testing, with input from



the Additive Manufacturing skills from
voestalpine, to determine the ideal form
the component should take to substan-
tially reduce its weight, construction
time and the subsequent processing
stages.

The efforts paid off: extensive design
changes and the use of the bionic
approach achieved a weight reduction
of 52 percent compared to the refer-
ence construction method using sheet
metal. In addition to the technical as-
pects, a visually appealing result in-
cluding bionic filigree structures was
also achieved, making the LightHinge+
a design object radiating sportiness
and exclusivity.

A key benefit of Additive Manufactur-
ing is the new geometric freedoms that
it offers. For the project, this meant it
was possible to achieve a complex set
break point structure. The application
of a defined force from a pyrotechnic
actuator will cause this point to break,
offering an additional level of freedom
to move. As a result, the bonnet will
rise about 5 cm in the event of a colli-
sion with a pedestrian.

The free space thus created acts as a
crumple zone and cushions the impact
on the pedestrian, providing protection
from the solid vehicle components.
Thanks to Additive Manufacturing, inte-
grating this crucial function involved
no extra costs. The connection point
for the pneumatic spring, the brackets

Additively manu-
factured bonnet
hinge (left) and
sheet metal version
(right).

for the windscreen washer hose and
the collar screw guide in the hinge were
also integrated into the component.
This reduced the number of parts by
68 percent compared to the reference
item in sheet metal.

This highly integrated hinge function
is also much more compact and can
therefore be used in the limited space
available in high-performance vehicles.
Putting the new technology into prac-
tice and the simulation-based predic-
tion using a component test provided
confirmation: in the trial, the set break
point triggered as planned, providing
the necessary level of freedom.

Minimising distortion and residual
stresses

The Additive Manufacturing process
generates a very concentrated local
heat build-up during manufacture of
the hinge, with high heating and cool-
ing speeds that can potentially lead to
distortion and residual stresses in the
component. A software solution devel-
oped especially for Additive Manufac-
turing by Simufact resolved this prob-
lem. By simulating the component dis-
tortion, the geometry was negatively
pre-distorted to minimise final shape

ProduktionNRW
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deviations. As a result, distortion in
the LightHinge+ was reduced to within
the required tolerance. This approach
avoided the need for costly and time-in-
tensive manufacturing trials. The com-
ponents can now achieve the required
tolerance right from the first manufac-
tured batch.

Design and simulation were performed
at the voestalpine Additive Manufac-
turing Center using the available mate-
rials and machine parameters in real
time as part of the construction pro-
cess. Optimising these stages enabled
four complete bonnet hinges to be pro-
duced in a single manufacturing batch.
The next stage of removing the support-
ing structures under prototype condi-
tions is still performed manually, but an
automated process is in preparation.

[
Jens Christoffel
Teamleader Product Development
& Manufacturing

Dr-Ing. Eric Klemp

Managing Director

voestalpine Additive Manufacturing GmbH
Dusseldorf

www.voestalpine.com
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From a commercial viewpoint ...

TOBIAS STITTGEN

Laser powder bed fusion (L-PBF).

A robust and well founded calculation
of manufacturing costs is essential
if decision-makers in production, pur-
chasing and product development are
to consider Additive Manufacturing op-
tions from a commercial perspective,
especially in direct comparison with
conventional manufacturing processes
(e. g. die-casting, milling or forging).

Established cost models drawn from
conventional manufacturing can only
partly meet these criteria, since the

10 INNOVATIONS MADE IN NRW

manufacturing process fundamentally
differs from other methods, in the way
the parts are built up layer by layer,
for example. To be able to compare
conventional methods against additive
processes and base a decision on the
result, the calculation must cover all
aspects of the Additive Manufacturing
process chain.

The literature includes a number of
approaches for calculating the manu-
facturing costs of 3D-printed compo-
nents, each with a different focus and

treating the relevant influencing fac-
tors along the process chain differ-
ently. Because the average rates of
construction for all the 3D printing
processes are still low, manufacturing
time has a heavy impact on costs.
Conversely, the steps preceding and
following the actual manufacturing pro-
cess, such as designing the compo-
nents and the subsequent heat treat-
ment, are less important, although they
still need to be considered as part of
any overall approach. A highly accu-
rate prediction of manufacturing time



Additive
manufacturing

S

Thermal
processing

Post-
processing

Quality
management

Additive Manufacturing process chain.

is therefore essential if a precise cal-
culation of manufacturing costs is to
be obtained.

The approaches described above are
similar in that, based on the character-
istics of the components, such as the
volume to be produced, the necessary
manufacturing time can only be esti-
mated using mathematical models or
heuristics. Because this does not con-
sider the specific geometry, which may
involve a filigree lattice structure, for
example, the forecast accuracy may
vary by more than 50 percent.

Establishing calculation routines
Current studies by ACAM Aachen Cen-
ter for Additive Manufacturing GmbH in
the fields of various research partners
are therefore aimed at developing
and trialling new approaches to accu-
rately calculate manufacturing time.
In the area of laser powder bed fusion
(L-PBF), a joint project by the Fraun-
hofer Institute for Laser Technology
(ILT) and the School of Digital Additive
Production (DAP) at RWTH Aachen
University uses an approach of deter-
mining processing time based on a cal-
culation routine upstream of the actual
data preparation, which simulates the
subsequent path plan depending on
the materials and systems used. The
individual component layers resulting
from this simulation (including the
vectors to control the scan system)
are then used to calculate processing
time.

Initial validations of the simulation
predictions using various commer-

cially available systems have produced
deviations in the low single-digit per-
centage range. Because all Additive
Manufacturing processes build up the
product layer by layer, the above
approach can also be applied to tech-
nologies such as laser metal deposition
(LMD), which provides an uncompli-
cated way of comparing a range of
potentially relevant Additive Manufac-
turing processes.

Finally, to determine the actual manu-
facturing costs, the calculated manu-
facturing time is multiplied by the
hourly rate for each machine. Costs
of raw materials, power and shielding
gases needed for the manufacturing
process must also be added. Empirical
values for these are available.

Because stages such as heat-treat-
ment, machining and comprehensive
quality assurance typically follow the
manufacturing process, for metal-
based 3D printing processes in parti-

ProduktionNRW
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cular, the calculation model must be
expanded accordingly. Thanks to the
unique engineering portfolio and ex-
pertise available at the RWTH Aachen
University campus, these extra stages
can be added in close cooperation with
the experts from various specialist
areas.

The result is a robust, end-to-end
calculation model that stands up to
the demands of multiple industries
and procedures and can be used as
a basis for decision-making by pur-
chasers, production planners and de-
sign engineers.

Tobias Stittgen

Senior Advisor Sales and Technology
ACAM Aachen Center for Additive
Manufacturing GmbH

Aachen

acam.rwth-campus.com

management
11%

Postprocessing —
20 %

Thermal —_
processing

13 %

Quality \ _ Construction

8%

Generic cost break-
down for Additive
Manufacturing of

a component from
the aluminium alloy
AISilOMg.

™~ Additive
manufacturing
48 %
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In the land of unlimited (design) opportunities

ANKE THEISSEN

There are no limits — or hardly any,
at least — to design when it comes to
Additive Manufacturing. In fact, it's more
the case that the familiar approaches
adopted by designers in conventional
manufacturing impose limits on com-
ponent design. This is where design
engineers need to greatly change the
way they think: in future, components
must be conceived and developed in
terms of their function, and no longer
from the perspective of cost.

That means a high level of freedom of
design — but also a huge amount of
responsibility, since responsibility for
production now passes to the design

12 INNOVATIONS MADE IN NRW

engineer. Objects are now manufac-
tured as developed in the CAD pro-
gram. Reverse engineering can be a
good help with some requirements,
as the following example of application
will show.

Comtec GmbH, a telecommunications
company based in Dortmund, receives
an order to fit out a passenger vehicle
as an emergency doctor’'s car with
wireless and communications technol-
ogy. The necessary technology cannot
be incorporated using the existing on-
board system, as this approach would
not guarantee the system’s security
and ability to function. The limited avail-

Trial installation of the
new bracket to retrofit an
emergency doctor’s car
with wireless and commu-
nications technology.

able space in the car and the absence
of design data for attaching the re-
quired components (touch screen mo-
nitor, control panel for the emergency
light system, and a wireless on/off
switch) pose a particular challenge.

Comtec selected Dortmund-based
polymer manufacturer and processor
Murtfeldt Kunststoffe to work with it on
the project, since Murtfeldt was able to
reverse-engineer a structure based on
a 3D scan in the absence of design
data. This made it possible to attach
the monitor and control panel in the



emergency vehicle easily, quickly and
securely, in line with the objective of
achieving a secure fitting combined
with very good ease of operation, which
must be guaranteed even under hectic
conditions.

A further major advantage in Murtfeldt's
favour is that it expanded its engineer-
ing facilities to include 3D printing
some years ago. It can offer everything
from a single source - not just the re-
verse engineering but also the design,
selection of materials, manufacture, etc.

Comtec’s customer therefore supplies
the monitor and functional control
panel. Murtfeldt uses Eva, a 3D hand
scanner from Artec, to scan the moni-
tor, the control panel and the vehicle
cockpit in sequence. Reverse engineer-
ing in this way generates the key data
needed for the manufacturing process
from the scan of the intended location.

3D framework delivers geometries
for reverse engineering

The scanning process delivers a 3D
framework that can be used to reverse
engineer the geometries of the indi-
vidual objects in the CAD system. All
with a level of precision that means
there is no longer any need to take or
check measurements manually. Using
this data, the next step is to design
the individual elements: the monitor
bracket, control panel frame and mount-
ing flange for fitting to the vehicle cock-

pit.

The high-resolution data and precise
measurements make it possible to pre-
cisely determine or set the tolerances
for the elements that have to be fitted
— for example, those of the monitor for
the bracket that will hold it — to ensure
that the control elements are securely
fitted and held in place even when the
vehicle is exposed to rough handling.

Reverse engineering
approach: 3D scans
record the geometry
of the monitor, control
panel and vehicle
cockpit for use in

the bracket design
process.

ProduktionNRW
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Lightweight design structures

and integrated mechanical
functions reduce cost and effort
The design engineer develops the final
product based on the knowledge, data
and values obtained in the above pro-
cess, while keeping a focus on the
benefit and functionality of the compo-
nent at all times. The CAD file forms
the basis for manufacturing using
3D printing. Lightweight design struc-
tures, such as honeycomb structures
in the interior of the component, can
reduce the weight of the bracket and
panel by up to 75 percent. Internal
channels, e. g. for integrated fluid lines,
can be incorporated at no extra cost.
Additional mechanical functions like
joints and snap hooks make additional
components within the bracket super-
fluous, making the work of fitting it to
the car easier.

The component is ready for use in just
a few days — which would have been
impossible for a “single unit batch” us-
ing conventional manufacturing meth-
ods. Comtec receives a finished solu-
tion from Murtfeldt and can fit the
component with the intended technol-
ogy, and then incorporate it into the
car with no further assistance, thanks
to the high level of accuracy achieved
in the manufacturing process.

®

Anke Theissen

Head of Public Affairs

Murtfeldt Kunststoffe GmbH & Co. KG
Dortmund

www.murtfeldt.de
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Maintenance-free wearing parts
from the 3D printer

GERHARD BAUS

Motion plastics supplier igus provides lubricant-free, maintenance-free wearing parts made of

high-performance polymers for its customers. Individual parts can be made of 3D-printed plastics
in just a short time.

The focus is on wearing parts such as
cog wheels or sliding bearings that
must stand up to significant demands
in moving applications. Customers can
order the appropriate lubricant-free
material as a filament from igus in
Cologne, and then make the parts
they need themselves using their own
3D printer. Those who don’t have a
3D printer can also commission the
manufacturing stage from the com-
pany online. The 3D printing service
usually makes a start on production
the same day.

Photos: igus

There is a strong emphasis on the qual-
ity of components that move and are
therefore exposed to friction and wear:
“Regardless of whether the printing
is done here or by the customer, our
Tribo-Filaments or SLS powders make
these additively manufactured prod-
ucts much more wear-resistant than
those made of standard materials like
the synthetic polymer acrylonitrile-bu-
tadiene-styrene (ABS), for example,”
says Tom Krause, head of Additive
Manufacturing at igus GmbH. “That's
why customers who need a fast,
straightforward and long-lasting re-
placement and want to make proto-
types or small series runs of moving
parts are happy to talk to us.”

Parts with a long service life
Cost-effective manufacture of individual wearing parts is now possible thanks to Additive All printed parts are made at igus using
Manufacturing. either the FDM or SLS process. For
FDM, igus uses seven different fila-
ments that stand out on account of
their specific properties. “For example,

14 INNOVATIONS MADE IN NRW
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Tom Krause and his team use the Freeformer from Arburg for the FDM process. In parallel, the team is investing heavily in expanding its SLS printing capacities.

we have one material in our portfolio
that's particularly suitable for high-tem-
perature applications,” says Krause.
“And another is approved for use in
contact with foodstuffs.”

The company develops its own high-
performance polymers. In addition, the
SLS process can be used to make
extremely complex special parts quick-
ly in larger volumes. igus uses two dif-
ferent materials for this: the laser sin-
tering material iglidur 13 is a powder
that ensures a very low friction value
and high wear-resistance in the printed
component. The laser sintering mate-
rial 16, on the other hand, was specially
developed for printing cog wheels.

“We demonstrated its high wear resist-
ance and long service life in a series of
trials in our 2,750 square-metre in-
house test laboratory,” says Krause.
“That's where we put iglidur 16 up
against other standard materials.” For
a comparison against the previously
standard materials for SLS printing, a
worm gear was tested with a torque
of 5 Nm at 12 rpm. The cog wheel
made of the standard laser sintering
material PA12 came to a stop after just
521 cycles, as the friction coefficient

had risen so high. The wheel made of
the new laser sintering material, on the
other hand, displayed only very slight
wear after a million cycles, and was
still fully functional. Milled cog wheels
made of POM had totally worn out after
621,000 cycles. “That shows that our
material is highly resilient, with a very
long service life,” says Krause.

Benefits of Additive Manufacturing

Depending on the level of customisa-
tion, the material selected and the
quantity required, igus has various
manufacturing methods available.
Additive Manufacturing is an integral
component of the manufacturing pro-
cess, whether for direct 3D printing
or production of tool moulds for the
injection moulding machines. In prin-
ciple, any component with a minimum
wall thickness of 0.5-0.7 mm can be
manufactured, since this is the small-
est possible wall thickness the laser
diameter will allow. “We even use 3D
printing in developing our own proto-
types,” says Krause. “For linear tech-
nology, too, we can print the carriages
and end blocks ourselves. That means
linear tables that require no lubricants
or maintenance can be manufactured
at low cost and very quickly to suit the

customer’s requirements.”

Just as with other manufacturing
methods, the component costs with
Additive Manufacturing depend heavily
on the number of components manu-
factured per hour. “For smaller parts,
Additive Manufacturing can still be
attractive at unit quantities of up to
10,000,” says Krause. “But for very
large components, the costs are cor-
respondingly higher. Even so, Additive
Manufacturing can still be of interest
here if the components can’'t be made
in any other way, or if another method
would be very cost- or labour-inten-
sive.” And Additive Manufacturing is
the option to pick when very fast han-
dling is needed: for example, if parts
are required the same day or if machine
down-time is on the horizon.

Gerhard Baus

Officer New Businesses Development
igus GmbH

Cologne

www.igus.de
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A dusty business — from Rapid Prototyping
to additive mass production

JOHANNES LOHN

New demands on Additive Manufacturing bring Direct Manufacturing and Direct Tooling in their

wake. Protig GmbH describes the particular challenges facing plant engineering and material for

series production from a user’s perspective.

Additive Manufacturing already offers
many new opportunities. Overnight we
can create samples, prototypes and
functional elements from a range of
materials such as plastics, metal and
ceramics. In the past, generative man-
ufacturing was used mainly for rapid
prototyping.

Direct Manufacturing involves the Ad-
ditive Manufacturing of end products
directly and without tooling. The prod-
uct and its scope of application there-
fore define the demands in terms of
materials and manufacturing technol-
ogy. The electronics sector, for exam-

ple, places great demands on electrical
properties of products and their flam-
mability.

From the perspective of Total Cost
of Ownership (TCO), additively manu-
factured, improved tools can drasti-
cally reduce the manufacturing costs
of the end products. These tools and
injection moulds offer the potential for
saving weight and shortening process
and cycle times. In the manufacture
of forming tools, mechanical parame-
ters such as strength, ductility and
surface hardness are of primary im-
portance.

New materials such as copper, brass, zinc and new tool steels for direct tooling of high-perfor-
mance tools and direct manufacturing of end products.
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Series production

with Additive Manufacturing

The right materials for the task are
essential for series production using
Additive Manufacturing:

o Examples of application for Additive
Manufacturing show that the cur-
rent selection of materials for these
applications is largely inadequate.
Quality certification of new materi-
als with tailored properties is there-
fore a fundamental precondition for
the future broad and cost-effective
use of Additive Manufacturing in
industrial production.

¢ In selective laser sintering, most of
the products are made from the
base material PA12, with or without
fillers. Many sectors, however, re-
quire industrial polymers that will
satisfy the demands on the end
products. Nylon 6 (PA6), nylon 6.6
(PA6.6) and polybutylene tereph-
thalate (PBT) are of particular im-
portance. The standard polymer poly-
propylene (PP) is also in very wides-
pread use. Present-day plant engi-
neering was originally developed to
manufacture individual prototypes
and is of only limited value in pro-
cessing these engineering-relevant
polymers. From the user’s perspec-
tive, 3D printing technologies need
to be refined to meet the enhanced
demands of direct production.

e The range of materials is also very
limited when it comes to metals.
Copper alloys are very important



for conductive structures and ele-
ments. But processing highly con-
ductive copper using generative
processes is a particular challenge.
Like a mirror, the red material re-
flects the wavelength of a traditional
red laser, which means most of the
laser energy is reflected and not used
as intended to melt the material.

o Modifying the process has helped,
which means it is now possible in
certain circumstances to process
highly conductive copper using ad-
ditive methods. This adapted laser
melting process can also be used to
work with zinc and brass. While zinc
can be used as an addition to tradi-
tional die-cast zinc product families
with small unit quantities, the ability
to process brass creates new levels
of freedom for the jewellery industry
and the taps and valves industry.

e The processing of high-tensile steels
also offers a lot of potential. These
require higher process temperatu-
res. Together with prominent re-
search institutes in North Rhine-
Westphalia and heating appliance
manufacturers, Protig GmbH is al-
ready working on new solutions that
will make it possible to add typical
tool steels, e. g. 1.2343-grade hot-
work steel, to the range of materials
in the near future.

“High-tech meets

the Stone Age”

Direct Manufacturing requires the auto-
mation and networking of plant tech-
nology with conventional manufactur-
ing technologies:

e The actual manufacturing process
in Additive Manufacturing is well
developed and runs fully automati-
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Direct Tooling makes it possible to manufacture forming tools and conformally cooled tool
inserts with improved performance and in lightweight design.

cally, but the upstream and down-
stream processes still require sig-
nificant manual input for the most
part: components are cleaned of
powder residues by hand and the
residues are manually reclaimed to
be fed back into the process. The
plants are even set up by hand, with
the consequence that it can some-
times be impossible to achieve the
ideal capacity utilisation in single-
shift operation.

o The latest-generation plants come
with interfaces that enable increa-
sing automation along the process
chain, from 3D data handling to pro-
cess planning (positioning and sup-
port generation), processing and
post-processing, and packaging. The
unresolved questions in the area of
automation technology offer an op-
portunity for German special ma-
chine manufacturers to cultivate the
attractive market for Additive Manu-
facturing.

Digital networking at all stages

of the value-added processes

Only digital networking along the ver-
tical and horizontal value-added pro-
cesses can make the lean, flexible
manufacture of customised series
products possible.

Additive Manufacturing enables a man-
ufacturing time of just a few hours. This
speed should not be compromised by
slow, conventional ordering processes.
Digital data handling is the precondi-
tion for automated, vertical integra-
tion, from the customer through to
production.

Initial Internet platforms are making
the ordering process leaner, and at the
same time make it possible to link with
established SAP systems. Thisincludes
3D model analyses, including 3D data
repairs, online price calculation for the
services and materials offered, includ-
ing configuration, scaling and post-pro-
cessing, the selection of the relevant
logistics service and payment provider,
and commissioning the digital shop-
ping carts.

Johannes Lohn
Manager Development & Engineering

Dr Ralf Gartner
CEO

Protiqg GmbH
Blomberg
www.protig.com
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Additive Manufacturing of individual units
and small batches pays off

ULRICH KLOSE

Systec GmbH manufactures and develops automation systems and special-purpose machines,

and has built on its own automation and control products to develop fully industry-ready 3D printer

solutions for the FFF/FDM process.

Photos: Systec

While a product is in the development
stage, patterns regularly have to be
manufactured, tested, altered and re-
manufactured. That was the experi-
ence of Jochen Keuschnig, product
developer at Systec in Munster, a few
years ago. For a plastic housing, he
needed large, individually shaped parts
with an edge length of about 40 centi-
metres.
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The large-scale
industrial 3D printer
has a build area
measuring

625 x 625 x 625
millimetres.
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Large-format industrial

FFF/FDM 3D printer

Injection moulding during the develop-
ment stage would have been too ex-
pensive. Additive Manufacturing using
the low-cost FDM process seemed an
efficient solution. But to his surprise,
Keuschnig was unable to find a sup-
plier. Although FDM 3D printers for
small parts are now available from

electronics discounters, the range of
scalable, large-format printers suitable
for industrial use is negligible. Systec
recognised a promising niche market
at that point and began developing its
own large-scale industrial 3D printers.

In an industrial environment in particu-
lar, there is often a need for large com-
ponents produced using FDM or the
similar FFF process, whether for spe-
cial-purpose solutions, as product sam-
ples, for development parts, or for small
batch runs. FFF/FDM 3D printing using
low-cost, versatile filaments such as
PLA or ABS is a worthwhile alternative
in cases that do not require large unit
quantities and high production speeds.

Using existing expertise from
automated gluing processes

Systec was able to draw on existing
expertise for the development of its 3D
printers. Experience had already been
gathered in the control of dosing sys-
tems for numerous gluing applications.
With the FFF/FDM process, a polymer
filament is melted in the hot end and
applied via the pressure nozzle in lay-
ers, in the same way as hot glue, and
a three-dimensional object gradually



Using Additive Manufacturing to produce this
transport block allows for product properties that
would not be possible using a method such as
milling.

takes shape. With the ready-to-use
DriveSets positioning systems, Xemo
positioning control, a complete manu-
facturing cell concept, an NC software
solution for machine operation, and a
wealth of mechanical engineering ex-
pertise, Systec was ideally equipped to
integrate the 3D printing application
as part of a plant design suitable for
industrial use.

“Industrial-scale FFF/FDM 3D printing
relies on precisely controlled move-
ment and high-precision, even temper-
ature control,” says Systec 3D printing
consultant Marcus Schwegmann. In
customer meetings, he regularly ob-
served that the customers are not look-
ing for “one” complete 3D printer. In-
stead, many customers want a sturdy,
flexible, moving system with a heatable
cabin, all the necessary industrial inter-
faces, and a build area that is not too
small. “Our customers often want to
integrate the actual 3D printing tech-
nology themselves,” says Schweg-
mann. In many cases, it's the know-
how with large-scale mechanical engi-
neering that is the key factor for the
customers. They want sturdy machine
solutions that will stand up to all day-

It all started with this plastic housing component.
Because no suitable supplier could be found,
Systec constructed its own FFF/FDM 3D printer.

to-day industrial pressures and be fully
set up for use as 3D printers.

That's also the situation with a current
project. A customer was looking for a
base system it could use to develop its
own granulate 3D printer head. Systec
manufactured a 3D printing cell with
a printing area of one cubic metre,
together with all the motion, control and
safety technology, and prepared it for
the extruder to be incorporated. Every-
thing else was the customer’s respon-
sibility. “Our 3D printing systems are
an open platform,” says branch man-
ager Jan Leideman. “Our customers
have total control and complete ac-
cess to all system components.”

Additively manufactured transport
block saves 18 kg

The demand for customer-specific,
large-format 3D printers is there.
That's clear from many of the appli-
cation enquiries that Schwegmann
receives. One manufacturer of crane
systems needs special transport blocks
for its intralogistics systems, for exam-
ple. Previously, these parts, which have
a limited number of useful cycles, were
milled from massive polymer blocks.
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That led to a lot of waste and corre-
spondingly high material costs. Using
the Additive Manufacturing method
tested by Systec to make the transport
blocks from “Colorfab XT White”, the
customer was able to reduce the
weight of the finished component from
more than 25 kg to around 7 kg.

The printing process itself took just
over three days. But that didn't matter,
since only about ten such parts were
needed each year. Another advantage
is that the details can be improved
each time a new one is printed. The
transport block acquired a carry han-
dle, for example. That would not have
been possible with milled components.

The company also works together with
Dutch technology developer Demcon
to make its mechanical engineering
skills in the 3D printer segment availa-
ble for the Euregio “Smart Production”
project. For this project, Systec is pro-
viding Demcon, which has developed a
3D printer head for viscous materials,
with a 3D printer base cell for use in
integrating its innovative technology.
The goal is to be able to manufacture
large-scale sealing lips, for example,
using a 3D printer.

“The availability of 3D printersin-house
is one of the reasons why our own pro-
duction itself has become more flexi-
ble. Covering caps that are needed
only infrequently, housings for elec-
trical wiring, sample parts and much
more besides can now be printed off
quickly”, says Leideman.

Ulrich Klose
Marketing & PR
Systec GmbH
Munster
www.systec.de
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Printing ceramic components using light

IN CONVERSATION WITH MICHAEL STEINBACH

Michael Steinbach,
Head of Technical Ceramics.

The Technical Ceramics field is

a relatively new one for Steinbach.
Tell us how it came about.
Steinbach: In 2015, we were looking
for a new business area. We were al-
ready working as part of a Joint Ven-
ture in Taiwan to manufacture preci-
sion parts using ceramics — although
we already produce precision parts
using ceramics the conventional way.
We kept receiving enquiries for small
batch runs from customers there, but
they would not have been commer-
cially feasible. That's when we thought
about how it could be done, and we
began looking at 3D printing for ceram-
ic components. We made the actual
startin early 2016.

How does Steinbach’s Additive
Manufacturing process work?
Steinbach: We use the LCM process. It
stands for Lithography-based Ceramic
Manufacturing. The printing uses a lig-
uid that includes ceramic powder and
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a photopolymer, a light-sensitive poly-
meric material. The building platform
is lowered into this thick slurry from
above. Below the glass slurry container
is a lighting unit that radiates UV light.
The photopolymer reacts to the light
and hardens each individual layer.
Nothing happens to the ceramics at
this stage: only the polymer reacts and
this cures the ceramics.

In this way, we build up several hun-
dred, or several thousand layers, one
at a time. At the end, the component is
about 20 percent larger than required.
Following the printing process, it is
cleaned and heat-treated. The polymer
is then carefully burned out in a fur-
nace over a period of several days. This
makes it lose around 20 percent of its
size again. It is then sintered at 1,600°
to harden the ceramic component. The
printing process is performed using only
light. The exposure cures the liquid and
forms the body of the component.

Steinbach AG, based in Detmold, uses
the Additive Manufacturing method LCM
to make tiny ceramic components with
ultra-high precision. We talk with Michael
Steinbach, head of the company’s Tech-
nical Ceramics division.

What is the target market for these
printed ceramic components?
Steinbach: We serve markets where
the properties of ceramics have never
previously been a good fit, and where
different materials have been used
until now. But these tend to wear rap-
idly and have to be replaced, unlike
the situation with ceramics. In medical
technology, analytical equipment or
sensor technology, for example, where
the required device quantities run into
the thousands rather than the mil-
lions. This means that only a few thou-
sand ceramic components are need-
ed. That's our global market. And it's
where we can offer products made
using our 3D method that are better
and cheaper.

What sort of products are they?
Steinbach: We specialise in very small
components, micro-components for
medical devices.



Additive

Manufacturing

enables the finest
structures, as the

coil shows.

Thereis also demand from the mechan-
ical engineering industry for our prod-
ucts. We are often involved in small
batch manufacture or single-part prod-
ucts here. While plastic or metal parts
used to be used, they had to be
changed frequently because of the
high ambient temperatures involved.
Ceramics have not been suitable for
this process to date, because only
small unit quantities were needed. This
has now changed. Printed ceramic com-
ponents are commercially feasible, and
they do not wear.

What is the competition like?
Steinbach: The market for additively
manufactured ceramics is very clear,
which is one of the reasons why we
chose to go in that direction. Through-
out Europe, there are just a handful of
locations that offer the same service as
we do. Most entities that use this kind
of printing system are research insti-
tutes. But the market is growing. At
Ceramitec, the leading trade fair for
ceramics, you would find only two or
three suppliers active in 3D printing
three years ago. This year the total was
much higher.

You said that making components
in small batches using 3D printing

is commercially feasible. What other
advantages does it offer?
Steinbach: You can manufacture in-
ternal geometries. Using conventional
methods, you would have to manufac-
ture several parts and then join them
together. There is also a big saving in
time and costs, since you no longer
have to make tooling to produce the

parts. And that tooling would suffer
wear and tear over time. Because we
generate almost no production waste,
our environmental footprint is also
much more positive. Another advan-
tage is that you can try more things
out. You can produce the components
the way you need them, whereas pre-
viously, you always had to draw on
standard components.

Are there any disadvantages?

Steinbach: | would say the method
has its limitations, at least for the
moment. One is wall thicknesses. We
are currently limited to a maximum
wall thickness of four millimetres, but
soon we will be able to produce eight
millimetre thicknesses. If the compo-
nent walls get any thicker, the debind-
ering process — the separation of the
polymer from the ceramics — no longer
works. The thicker the wall, the longer
the path needed by the polymer to
escape. There is a risk that it will de-
stroy the component in the process. A
solution to this will be found at some
point, and it will be possible to make
thicker component walls, but at the

Photos: Steinbach
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moment we can only make wall thick-
nesses of up to four millimetres with
no risk.

Will Additive Manufacturing
processes replace conventional
methods sooner or later?
Steinbach: Development in this area
is moving very swiftly. When we first
started looking at this field in 2015, we
very quickly concluded that this was
not just hype that would fade again
after a period. We were already con-
vinced that Additive Manufacturing
would be a part of future production
systems. It will not replace conven-
tional manufacturing methods, but will
be used alongside them. We are not
driving out existing systems but, in-
stead, we can offer additional solutions
and thus also cultivate new markets.
Our main driving force at the beginning
was to build up expertise and use it to
help shape a new industry. It was very
exciting for us to be part of the process
right at the beginning, and it still is.

[ J

www.steinbach-ag.de

Complex geometries for different applications: gas exchanger, fluid reactor, nozzle.

INNOVATIONS MADE IN NRW 21



Graphics: DMG Mori

ProduktionNRW

Cluster Maschinenbau/Produktionstechnik

Additive Manufacturing: Looking at
the whole process chain as a key to success

RINJE BRANDIS

Today, Additive Manufacturing offers a wide range of potentials for innovative solutions. The

successful use of this technology requires all steps in the process chain to be coordinated and

considered as a whole, from the first conceptual design to final machining. This is demonstrated

here on the basis of a practical example.

Design & Preparation

Additive Manufacturing

CNC Machining

Considering all aspects of the Additive Manufacturing process chain.

Additive Manufacturing technologies
(AM) for metallic materials have
reached the point where they can be
put to practical use in mechanical en-
gineering and plant construction. The
advantages are obvious: complex ge-
ometries, small batch volumes and a
fast response to design adjustments
offer great opportunities for innovative
solutions. However, poor technological
knowledge and a lack of confidence
in “printed” components are still often
obstacles to their use. These printing
systems are often perceived as stand-
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alone methods, and as a result are not
sufficiently integrated in the processes
of an industrial production environment.

DMG MORI Academy GmbH supports
external customers and its own plants
in the introduction and use of Additive
Manufacturing. These consulting and
engineering services focus on a com-
prehensive consideration of the prod-
uct development process, from the
first conceptual design to the finished
production component. This end-to-end
approach and the linking of design,

additive manufacturing process and
final CNC machining is key to success-
ful application of the technology.

The challenge

Our ring-nozzle for the cooling process
in an ultrasonic milling system is a
good example to illustrate the poten-
tials of Additive Manufacturing in me-
chanical engineering and considering
all aspects of the process. The ultra-
sonic technology enables efficient
grinding, milling and drilling of ad-
vanced materials that may be hard and



brittle, super alloys that are difficult to
machine, and fibre composites. An
ultrasonic process overlays the rota-
tional movement with a longitudinal
oscillation. In our example, removing
swarf and the process heat that devel-
ops in the system posed a challenge.
This is where the conventional ap-
proach of supplying a coolant reached
its limits, necessitating a new solution.

The coolant must be applied directly,
preferably to the entire tool, at a very
low angle to the spindle axis. The inter-
ference contour of the ultrasonic mod-
ule would make a conventional solution
very difficult. Furthermore, the range
of components to be processed im-
posed significant limitations on the
size and shape of the new nozzle, mak-
ing a compact design essential.

Considering the process as a whole
and the self-imposed goal of manufac-
turing the components in an industrial
environment generate further require-
ments. The widespread practice of
manual post-processing of a printed
part is no longer an option. Only a
consistent and stable manufacturing
process from printing to final machin-
ing can produce components reliably,
safely and efficiently. This also applies
to small batches involving fewer than
100 units per year.
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Milling spindle
Ring-nozzle

Ultrasonic module

Ring-nozzle in use
in an ultrasonic
milling system by
Sauer.

Coolant

The Additive Manufacturing
solution

The conceptual design consists of a
ring-shaped part with several nozzles
around its circumference. An inte-
grated channel supplies the nozzles
with coolant. A bridge is incorporated
in the area of the ultrasonic module to
close the main channel. This is neces-
sary to ensure uniform pressure dis-
tribution for all nozzles. Two mounting
holes at the front provide the connec-
tion to the milling spindle.

The design follows the function and the
overall production process. First, the
printing direction is determined and
the part is designed accordingly. To
ensure easy separation at the down-
stream cutting stage, it is constructed
flat on the building plate. Furthermore,
the inner channels are designed with a
curved roof geometry to prevent them
from being obstructed by the support
structures. These supports are con-
structed as fine-filigree lattice struc-
tures of the same material, and allow
the dissipation of process heat from
overhanging geometries. In addition,
the massive parts of the component
are replaced with an internal honey-
comb structure to reduce the overall
weight. Wall thicknesses are based on
the working forces of the chuck during
final turning and milling.

Professional from start to finish
Final machining of the partis doneona
CTX beta 800 TC. Here, the main spin-
dle initially clamps the part on its outer
surface. The first stage involves remov-
ing the supports and milling the seat
on the inlet. Then the inner surface is
turned, which will later form the seat of
the component. The part is then auto-
matically transferred to the counter
spindle and clamped on the inner sur-
face to enable milling of the nozzle
seats. This allows the component to be
fully processed on six sides with full
process stability.

This example clearly illustrates the
potentials offered by Additive Manu-
facturing and the need to consider all
steps in the product development pro-
cess as a whole. In mechanical engi-
neering, the acceptance threshold for
the use of such printed parts is still
very high. This is often due to a lack of
confidence by the engineersin stressed
parts made from a powder. However,
this scepticism is not justified.

Dr-Ing. Rinje Brandis

Head of Consulting
Additive Manufacturing
DMG MORI Academy GmbH
Bielefeld
www.dmgmori.com
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Filling the gap between industry and research

CHRISTIAN LINDEMANN

In the heart of Ostwestfalen-Lippe,
specifically at the University of Pader-
born, 15 professors and 30 research as-
sistants are working on making Additive
Manufacturing technology available to
SMEs. The Direct Manufacturing Re-
search Center (DMRC) was created at
the University for this purpose in 2008,
at the initiative of aircraft manufac-
turer Boeing. With a current total of 29
industry partners covering the entire
process chain, the DMRC has been ini-
tiating research projects for more than
ten years now. The network focuses on
research, innovation and teaching. Its
themes include researching new mate-
rials for electric mobility, as well as biore-
sorbable implants for the human body.
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Starting in 2019, in addition, the Uni-
versity of Paderborn will develop cus-
tomised materials for the industry in
NRW. It has three production facilities
available for metal and polymer pow-
ders. The project “iAMnrw — Materials”
is sponsored by the European Regional
Development Fund (ERDF).

The continued success of the German
economy depends on its future work-
ers. The University of Paderborn has
offered a broad range of teaching
events on the subject of Additive Man-
ufacturing for ten years now, and was
one of the first in Germany to do so.
The DMRC offers many professional
development courses and industrial

Optimised and
marked structural
component for a
satellite. Additive
Manufacturing
reduced its weight
by 50 percent.

seminars to provide further training
opportunities for the current genera-
tion. It works with entities such as the
Association of German Engineers (VDI)
in providing training to the level of
VDI-approved Additive Manufacturing
Engineer. The goal of the qualification
course is to gain an overview of the
entire Additive Manufacturing process:
from selecting the component, decid-
ing on the manufacturing method and
design, to putting Additive Manufac-
turing into practice in the company.

Three new startups have been estab-
lished by former employees in the
meantime. “AMendate GmbH" focuses
on making future products lighter and



more bionic, while “Additive Marking -
Produktionsintegrierte Kennzeichnung
GbR" works to ensure that the manu-
facturing stages of 3D printed compo-
nents remain easy to follow through-
out. And “AMproved GmbH" is the first
professional online market for Additive
Manufacturing, offering pragmatic so-
lutions for industrial use. Like the DMRC
itself, the goal of all these startups is
the industrial implementation of this
technology.

» AMendate is developing a fully auto-
matic topology optimisation soft-
ware for Additive Manufacturing.
This technology considers the rules
of design for Additive Manufactu-
ring and greatly simplifies the opti-
misation process. Developed from
the user’s perspective, this software
meets all engineering requirements.
High resolution guarantees detailed
structures, and stress optimisation
creates bionically shaped geometries
with an even distribution of stresses.
An automatic, intelligent smoothing
algorithm efficiently transfers the re-
sultinto geometries that can be print-
ed directly. With the automatic re-
transition into CAD-models the need
becomes redundant to further pro-
cess the resulting product using ad-
ditional, special software. AMendate
gives design engineers an error-free,
printable component that meets ev-
ery requirement, all in super-quick
time.

o Additive Marking addresses the
challenge of labelling additively ma-
nufactured components to ensure
they are traceable throughout the
entire product lifecycle. The digital
process chain, which may be assu-
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Step-by-step transition from a solid base body to an ideal lightweight structure for a

wheel carrier.

red using Blockchain technologies,
for example, can be combined with
the physical world in this way. This is
of interest for spare parts that have
previously been made using injec-
tion moulding or similar procedures,
and were marked by the mould used
in the process. As the moulds suc-
cumb to wear and tear and demand
declines, these parts are now in-
creasingly being made as required
using 3D printing. But also for re-
search and development, test units,
for example, must be clearly alloca-
ted for the purpose of positioning
and orientation in the Additive Ma-
nufacturing system. In the case of
safety-critical components, e. g. in
aerospace, for medical applications
or in automobile manufacture, the
need to mark components to ensure
traceability goes without saying.

AMproved is the contact for all
operators of Additive Manufacturing
technologies. As an online market-
place, it offers not only I/0 devices,
spare parts and accessories, but
also innovative solutions to improve
quality and efficiency. It offers ev-
erything needed in day-to-day pro-
duction. As a highlight, the company
will exhibit its solution for safe, con-
tamination-free and traceable pow-
der handling at the Formnext Trade
Fair. A container system developed
especially for Additive Manufactu-
ring, with leak-free valves, makes it
possible to store and handle the
powders used in the process, keep-
ing them away from oxygen and
moisture, and using RFID tags to

guarantee clear traceability. It is also
developing air-conditioned, mobile
manufacturing cells as part of a
collaborative arrangement with a
manufacturer for industrial const-
ruction purposes. In addition to pro-
viding the ideal conditions for in-
stalling AM plant technology, gas
sensors and an air purification sys-
tem will also achieve a substantial
improvement in industrial safety.

When a number of skills are pooled
and interdisciplinary collaboration is
theresult, as in the case of the startups
described above, for example, the re-
sults speak for themselves. One result
was a 50 percent reduction in the
weight of a satellite component. The
required topology optimisation for this
was provided by an algorithm from
AMendate, while Additive Marking
looked after the product labelling, and
AMproved ensured the production pro-
cesses themselves flowed smoothly.
The project was coordinated and im-
plemented at the DMRC, with industry
input. This showed how joint, interdis-
ciplinary collaboration creates a bridge
between industry and research to fos-
ter the industrialization of the technol-
ogy in the long run.

Dr-Ing. Christian Lindemann

Managing Director

Direct Manufacturing Research Center
(DMRC)

University of Paderborn

Paderborn

www.dmrc.de
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4D textiles: morphing hybrid textile structures
for medical, automotive and aerospace

applications

DAVID SCHMELZEISEN AND THOMAS GRIES

3D printing deals solely with generating static objects. Creating structures that change over

time is the task of an entirely new research discipline, which has developed under the name of

4D printing.

\_,

(T

Morphing 4D textiles with button surface for human-machine interaction.

Opening the blinds, opening the win-
dows, getting dressed, driving cars,
working on the computer, going cycle
racing... our day-to-day activities are
characterised by the manipulation of
static objects. The digital transforma-
tion of our environment is already help-
ing the way we interact with everyday
objects. Small, digitally controlled mo-
tors are increasingly taking over our
daily tasks. We refer to “intelligent sys-
tems”, which define the fourth indus-
trial revolution. But employees at the
Institute of Textile Technology (ITA) at
RWTH Aachen University are already
aiming well beyond the fourth indus-
trial revolution. The question they are
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asking is: “How can we breathe life into
the static objects that surround us?”

The answer lies in the fourth dimension:
time. If we give dynamic properties to
three-dimensional objects, what we get
as alogical consequence is four-dimen-
sional structures. The expression “4D
printing” was coined in 2013 by Skylar
Tibbits, architect and leading thinker,
at the Self Assembly Labs at MIT. Tibbits
works with 3D printed structures that
change form in response to external
stimulation. He uses polymers that swell
in response to humidity, or expand in
response to temperature, to build lay-
ered structures. These bases consti-

tute interesting approaches toward re-
alising objects that change over time.
One difficult aspect is the scalability of
the structures, in terms of their geom-
etry as well as the effect being sought.

Multi-material systems that

change over time

This is why the Institute of Textile
Technology (ITA) has been working
with prominent industry partners not
just from NRW but from Germany as
a whole to implement multi-material
systems that change over time. These
hybrid materials consist of highly elas-
tic textile and additively manufactured
smart materials: 4D textile.



An early example of this vision is the
BMW GINA Light Vision concept car. A
revolutionary aspect was its “flowing”
flexible textile bodywork. The textile
bodywork was intended to combine
form and function in a single compo-
nent. It was designed to respond to
stimuli, for example, opening and clos-
ing doors, headlights or the bonnet.
The vision of textiles that change with
time was born. At the moment, the
GINA model still remains a vision.

ITA applied for the first patent for
the hybrid material “4D textile” in 2016.
In early 2017, the interdisciplinary re-
search group headed by Prof. Gries
was honoured with the Innovation Prize
of RWTH Aachen University for the
4D textile hybrid material. This was
followed by the 2018 Creativity Award
of the German Textile Machinery In-
dustry, presented by the VDMA Indus-
try Association for the Textile Machin-
ery Industry.

Programming the textile surface for acoustic properties and rotary printing for orthotic
applications.

Textiles that change over time repre-
sent the next stage of evolution of
textile materials, from functional, in-
dustrial textiles to living components.

In 2016, therefore, the Institute of
Textile Technology first combined
elastic textiles with what are known
as 4D-printed structures. Working with
industrial partners from NRW, ITA ex-
panded the concept of 4D textiles to
cover a range of fields of application:
examples include morphing display
systems and touch pads, self-regulat-
ing facade elements, and programma-
ble implant systems.

Living structures — 4D textiles

Textiles combine a high level of strength,
elasticity and drapability with low flex-
ural strength. At the same time, they
can be manufactured in large volumes
with a high level of customisation at
low cost. These properties make them
the ideal basis for 4D structures. Func-
tional enhancement with autoreactive
materials can take place during the
textile manufacture process at a fibre,
yarn and surface level, or during subse-
quent refining stages. In their research,
the employees of ITA benefit from the
full process chain of one of the largest
of the RWTH institutes, from fibre ma-
nufacture to the functionally enhanced
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end product. The manufacture of form-
changing fibres and filaments is scaled
at ITA using industrial process tech-
nology to create a commercially viable
process. Fibres and filaments of this
nature are made into fibre-based prod-
ucts on more than 400 machines in the
process development unit of ITA.

The first combination of 3D printing
and knitted textiles to form autoreac-
tive multimaterials created something
of a sensation. The first prototypes are
autoreactive surfaces that provide sup-
port for users in automobile interiors.
For the future, the researchers at ITA,
in conjunction with industrial partners
from NRW, can see many applications
for multimaterials of this nature: three
public projects are currently focusing
on the use of multimaterial systems in
the area of automotive interiors, medi-
cal technology and architecture.

The Alive Automotive Interior project,
with input from prominent partners in
NRW, aims to develop textiles that will
later assist users to operate their digi-
tal environment in the age of self-driv-
ing cars. In the field of medical tech-
nology, work is being performed on
tubular structures that can actively
change shape. One benefit of these is
that implants can move independently
and combine at the point of applica-
tion. And in architecture, active textile
outer shells can reduce energy con-
sumption via a control system that in-
corporates sun-dependent materials.
Design effects that interact with the
immediate environment are a further
possibility with this technology.

David Schmelzeisen
Head 4D Textile Group

Prof. Dr-Ing. Thomas Gries
Director

Institute of Textile Technology
RWTH Aachen University
Aachen
www.ita.rwth-aachen.de
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Additive Manufacturing goes hybrid:
metal combined with ceramics

CHRISTOPH KAMMANN AND JAN T. SEHRT

Exposure of the powder bed surface at laser beam melting.

Laser beam melting is an Additive
Manufacturing process that is used
to produce highly complex metal com-
ponents, either directly as prototypes
or as ready-to-use end products. It
involves melting a metal powder layer
by layer with a laser beam and consoli-
dating it into a solid material. At the
moment, the range of metallic materi-
als that can be used for processing in
this way is much narrower than for
conventional procedures. In some cas-
es, the materials currently available
have been specially adapted for use in
Additive Manufacturing. Nevertheless,
the trend is toward adapting the
properties of the materials to suit
the intended application in the end
products.
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The chair of Hybrid Additive Manufac-
turing (HAM) at the Ruhr University of
Bochum is researching ways in which
the properties of metallic components
produced using 3D printing can be
altered through the targeted inclusion
of ceramics. This involves deposition of
ceramic particles into the powdered
metal source materials, for example,
and then performing the laser beam
melting process. The mixability of the
powdered source materials opens up
entirely new opportunities in Additive
Manufacturing technology to generate
product-specific material properties.

Work originally began at the chair of
Manufacturing Technology at the Uni-
versity of Duisburg-Essen, and is now

continuing at the newly established
chair of Hybrid Additive Manufacturing
at the Ruhr University of Bochum.

Imagine being able to tell a machine
the desired material composition for a
particular product. The machine auto-
matically prepares the desired powder
mix and runs the 3D printing process
using the right settings for the com-
bination of materials in question. The
powder mix can be used to set many
different properties, whether a parti-
cular alloy is desired that offers ad-
vantages under particular conditions,
or hard ceramic phases that can im-
prove the wear-resistance of a given
material.



Optimised mixing

The properties of the powder mixes are
vital elements in the laser beam melt-
ing process, to enable the powder to be
applied evenly and consolidated using
the laser. To manufacture homogene-
ous powder mixtures based on metal
powder and ceramic microparticles,
an automated Turbula mixer was de-
signed, constructed and put into oper-
ation. This mixer was used to develop
a deposition process that can be used
to create homogeneous metal-ceramic
mixtures. Turbula mixers are known
for achieving good results when mixing
powders at low speeds. With a combi-
nation of rotation, translation and in-
version, they achieve an extremely
high level of efficiency. Optimising the
Turbula mixer parameters and intro-
ducing mixing aids made it possible to
develop a suitable procedure for metal
powder with ceramic microparticles
and create powder mixtures for 3D
printing.

Modified materials

In all cases, the goal must be to ensure
the material properties ultimately sat-
isfy the criteria required of the compo-

nent, such as resistance to wear, sta-
bility and functionality. The distribution
of the ceramic particles in the com-
ponent and the associated material
properties depend greatly on the 3D
printer settings. To this end, test pieces
were produced using the modified
metal powders with different ranges of
process parameters, which were then
examined and compared using micro-
scopic analysis and measurement of
mechanical and tribological properties.
The objective was to see how the ce-
ramic particles are distributed within
the component and to establish the
effects in terms of strength and resist-
ance to wear.

Adapt material properties

to stresses

During 3D printing, the material prop-
erties are generated along with the
geometry, and are open to local influ-
ence. Unlike traditional methods, it is
possible in this way to deliberately
generate different strengths on the
inside of the component compared
to its other areas, for example. This
creates the opportunity of ensuring
greater strength values along the com-
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KNOW-HOW

Inversion Kinematics

Inversion is a new fundamental kine-
matic movement that was discovered
through the invention of an invertible

cube in 1929 by Paul Schatz, who used
it as the basis for the development

of inversion kinematics. The elegant
geometries and movements that result
were adopted by artists and architects,
and found a technical application in the
Turbula mixer and Oloid technology.

ponent’s power flow lines. It would be
conceivable to generate very strong
bionic structures surrounded by a more
ductile metal matrix, in other words a
sort of composite material composed
of a substance with different strengths.
This would make it possible to create
new material properties that have pre-
viously been impossible to manufac-
ture.

There is still a need for further material
tests on the use of these new materials
in end products before the list of poten-
tially marketable metal powder mixes
can be further expanded.

Christoph Kammann
Research Assistant

Prof. Dr-Ing. Jan T. Sehrt

Chairholder

Chair of Hybrid Additive Manufacturing
Ruhr University of Bochum
www.mb.ruhr-uni-bochum.de

The Turbula mixer.
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Creating a turbine layer by layer

RALF DAHMEN

Additive Manufacturing (AM) processes permit totally new component geometries and functions,
and make small series runs commercially feasible. This makes AM ideal for metal components
in gas turbines, as a project by Solidteq GmbH in Neuss shows.

“We need metal components in fairly
small numbers, with a high level of
functional integration, optimum me-
chanical and thermal properties, and
flow-optimised gas flow control.” That
was the request received by Neuss-
based company Solidteq GmbH from a
gas turbine manufacturer. This speci-
fically involved elements such as the
compressor and impeller housings for a
small, compact gas turbine with a power
range of a few hundred kilowatts.

Flow-optimised design

Solidteq drew on the opportunities
provided by Additive Manufacturing
to square this particular circle. In this
process, laser beams are used to melt
metal powder layer by layer at prede-
fined points to build up the required
component. The metal powder that is
not heated is removed at the end of
the process, leaving behind the fin-
ished component. The manufacturing
process requires no costly tool moulds,
just a precise, three-dimensional data-
set and a 3D printer.

This recipe suited the customer’s
needs, since it is expecting to sell about
30 gas turbines in 2018, and 100 to
200 next year. Expensive tools and
moulds are not cost-effective for such
low unit quantities. The customer also
wanted the components to come with

-y

p y Solidteq components
-{ made using 3D printing.
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a flow-optimised design for gas flow
control. This would have been very
difficult to achieve with conventional
forming and processing methods.

For the material, Solidteq opted for the
corrosion-resistant nickel-based alloy
Inconel. This is particularly well suited
for the components in a gas turbine
that are exposed to high thermal and
mechanical stresses. Because the
compressor housing in the gas turbine
measures 300 x 300 x 200 mm, the
three-dimensional printing process
takes about 80 hours. Solidteq must
guarantee the largely automatic opera-
tion of the plant and the high-accuracy
melting of the powder at very high tem-
peratures throughout this quite lengthy
timeframe.

No negative impact

on the unmachined part

The heat applied during the melting
process, in particular, must not nega-
tively impact on the component geom-
etry and the narrow tolerances that are
required. Solidteq assisted the cus-
tomer with the intelligent design of the
components, to ensure that the re-
quired support geometries minimised
component distortion, but without im-
pacting on the flow-optimised design
of the gas channels and the further
processing of the part itself.

The fine planning work on the compo-
nents took just a few days, at which
point the final dataset was available
and the actual Additive Manufactur-
ing could begin. The total time from
awarding the contract to production

of the final additively manufactured
components took only about ten
weeks — much less than conventional
forming processes would have re-
quired. If any minor functional or ge-
ometrical changes to the components
are required later, amendments to the
simulation and design data are all that
will be required. There will be virtually
no changes to the Additive Manufac-
turing process itself.

The company’s services — consulting
during component design and the
Additive Manufacturing — are rounded
out with mechanical post-processing
of the components and comprehensive
documentation. Solidteq provides the
finishing touches in the form of any
necessary turning, drilling, milling,
honing and spark machining, and ser-
vices such as quality management,
material testing, coating and painting.
Comprehensive documentation of all
processes from job planning to on-time
delivery of the components is available
on request. These end-to-end services
also impressed the customer, and have
already led to further discussions about
new orders for additively manufac-
tured components.

Solidteq views Additive Manufacturing
as a practical technology for proto-
types and very small series runs that
do not involve critical cycle times. The
same applies to lightweight design,
functional integration and complex
component geometries. Because a
large part of Solidteq’'s team has an
automotive background, they are used
to dealing with stringent demands and
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sophisticated processes. This unique
expertise, covering the entire process
chain, is something that Solidteq, as a
start-up, can now offer to potential
customers in the mechanical engineer-
ing and plant construction industry.

Solidteq can draw on a solid foundation
when it comes to the further refine-
ment of 3D printing in metal. The com-
pany grew from the prototyping unit of
automotive supplier Rheinmetall Auto-
motive AG, and is able to benefit from
the lean structures and agility of a new-
comer, combined with the practical
experience built up over many years by
a global technology firm.

Ralf Dahmen
Head of Sales
Solidteq GmbH
Neuss
www.solidteq.com
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Additive Manufacturing methods
in special-purpose machine manufacture

VOLKER ZUSCHER

The rapid development being seen in the field of Additive Manufacturing (AM) opens up totally
new opportunities for manufacturing in many industries — and that also goes for special-purpose
machine manufacture. Cologne-based turbomachine manufacturer Atlas Copco Energas GmbH
describes its experience with selective laser melting (SLM) in impeller manufacture.

Atlas Copco Energas is part of the
“Compressor Technique” business
area of the Atlas Copco Group. At
its Cologne location, it develops and
manufactures single and multi-shaft
compressors and expansion turbines
that are used in the oil and gas and
chemical/petrochemical industries,
for industrial gases and the energy
industry.

Different but established
manufacturing processes

for impellers

An important focal point for Atlas
Copco Energas is impeller design de-
velopment to suit individual customer
processes and the associated require-
ments. The impeller is a rotating com-
ponent that is subjected to major cen-
trifugal forces. The material used here
is specially designed and appropriately
quality-tested for each individual app-
lication. A basic distinction is made
between open and enclosed impellers,
which can have diameters ranging
from about 60 mm to 1,500 mm.

The rapid development being made in
AM opens up new opportunities for
making metal components directly
using SLM. Initial trials have been per-
formed to produce various components
Expansion turbine for natural gas applications. using SLM. It was clear that a number
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Integrally-geared turbocompressor from Atlas Copco Energas.

of components are not yet suitable for
production using AM, since they are
too large or their geometries are not
complex enough to offer worthwhile
cost savings (for example, by combin-
ing separate assemblies to form a sin-
gle component).

Atlas Copco Energas has concentrated
on enclosed impellers with complex
geometries and small diameters (be-
low 300 mm), and has established that
enclosed impellers of this type are suit-
able for AM. Two components can also
be combined into one this way.

A look at the process

One challenge is to remove support
structures in areas that are hard to
access. An emphasis on post-process-
ing is therefore essential. The objective
is to investigate a process that can
mechanically remove support struc-
tures in a single pass. Atlas Copco
Energas has examined and tested a
number of manufacturing methods
in its “Polishing” department. This in-
volved investigating a special electro-
chemical pulse method that concen-
trates on removing support structures
in hard-to-reach areas. Initial tests with
this method have shown that, in gen-
eral, the support structures can be
easily removed.

Open impeller.

This pulse method is suitable for all
3D-printed metal components. Since
no other operating consumables are
required, this method substantially re-
duces the cost and effort involved. In
addition, there are significant demands
in terms of surface quality, since the
impellers must be highly efficient. This
necessitates a subsequent polishing
stage. A selective mechanical/physical
surface treatment process in several
stages can achieve values of less than
Ra 1 pm. At present, this appears to
be a practical way to remove support
structures and achieve defined surface
quality values. All the manufacturing
processes described here can be re-
quested on a contract manufacturing
basis.

The next step in this process is to man-
ufacture a complete enclosed impeller
and perform detailed surface measure-
ments and structural examinations of
the impeller segments.

Promising potentials

in special-purpose machine
manufacture

In parallel with surface treatment,
overspeed tests are also performed on
additively manufactured enclosed im-
pellers. Overspeed tests are a quality
testing process at Atlas Copco Ener-

gas, and are performed for all impel-
lers: they involve running the impeller
up to an overspeed in a protected
vacuum chamber and then braking
again after a set time. The initial over-
speed tests on impellers produced
using AM were positive.

Summary and outlook
The next step will involve validating the
material, which will probably prove to
be the greatest challenge. AM techno-
logy offers many new opportunities to
change component design. This can
include functions that would otherwise
be possible only with multiple manu-
facturing stages: in other words, com-
ponent complexity will generally have
minimal impact on the cost of manu-
facture using Additive Manufacturing
(i. e. the SLM process). The first cost
comparisons against conventional man-
ufacture of enclosed impellers show
that AM is cheaper. Even so, the post-
processing stages, such as machining
or polishing, may reduce the cost ad-
vantages.

®

Volker Zuischer

Process and Production Engineer
Atlas Copco Energas GmbH
Cologne
www.atlascopco-gap.com
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