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Additive Manufacturing -
Complex Structures Directly from the Computer

In the last decade, additive manufacturing has evolved from a
laboratory tool to prototype production fo a process that is also
interesting for series production — just in time to help shape Industry
4.0. The decisive plus points include flexibility in the production

process and the opening of new manufacturing possibilities with respect
to geometry and/or material properties. Unlike casting or most ablative
processes, additive methods allow the same machine to produce a wide
variety of products without having to replace a single tool. The template
that was transferred as a CAD file is all that matters. Complex
geometric shapes can also be implemented in a short time.
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Lasered on Top of Each Other Layer by Layer

The suitability of different methods of additive manufacturing depends on
the material and objective. Now that “3D printing” has been

historically established for a long fime in the processing of plastics, it is
now increasingly gaining ground in the production of metal parts.
Companies in Germany rely especially on the laser beam melting
process. Metal powder is typically applied to a working surface in thin
layers of 20 — 60 pm. A laser beam melts the material specifically af
the points where a solid structure is to be created. The base plate is then
lowered accordingly so that a new layer of powder can be applied. This
creates the desired structure layer by layer. After processing, the excess
unprocessed powder is removed. In contrast to conventional
manufacturing processes, casting molds and tools are not required in
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< additive manufacturing. This accelerates production and enables an

: almost infinite variety of shapes.

o In laser beam melting, the metal powder is almost completely melted,

5 resulting in a body with a specific density of >>99%. This means that
X3 many of the mechanical properties correspond fo those of

; conventionally processed metal. However, this procedure is not yet

Q suitable for all conventional materials because some mefals change their
- physical properties during processing. Changes in the surface tension or
S viscosity of the material can lead, among other things, to the parts nof
- meeting the quality specifications.

e}

(@]

Germany & Other Countries

Laser Components Germany GmbH

Tel:  +49 8142 2864 -0
Fax: +49Q 8142 2864 - 11
info@lasercomponents.com
WWW.‘DS@(COmpOﬂeﬂTS.COm

France

Laser Components S.A.S.
Tel: +33 139595225
Fax: +33 1 39 59 53 50
info@lasercomponents.fr
www.lasercomponents. fr

United Kingdom

Laser Components (UK Lid.
Tel:  +44 1245 491 499
Fax: +44 1245 491 801
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries

Laser Components Nordic AB
Tel: +46 317037173
Fax: +46 31 703 71 01
info@lasercomponents.se
www.lasercomponents.se

USA

Laser Components USA, Inc.
Tel:  +1 603 821 - 7040
Fax: +1 603 821 - 7041
info@laser-components.com
www.laser-components.com



D

=
©
;L)
£
§S)
Re}
>

/|c-opti

ation-reports/

c/appli

/ MyGHF /

Germany & Other Countries

Laser Components Germany GmbH

Tel:  +49 8142 2864 -0
Fax: +49Q 8142 2864 - 11
info@lasercomponents.com
WWW.‘DS@(COmpOﬂeﬂTS.COm

Additive Manufacturing -
Complex Structures Directly from the Computer

l LASER

Y COMPONENTS®

Laser Power Makes the Difference

Laser power is one of the deciding factors in making these technologies suitable for mass production. Among
other things, stronger lasers lead to potentially higher build-up speeds [cm®/h) in the laser beam melting process.
As a rule, solid-state lasers, diode lasers, and medium-strength single-mode fiber lasers with outputs of several
hundred watts are used in additive manufacturing. By using several lasers at the same time, the efficiency can be
additionally increased.

A slightly widened beam profile is common and results in fewer splashes and metal powder that evaporates less.
It is also important that the beam not increase further due to the laserinduced focus shift (heating of the optical
elements| to prevent the layers from not being completely melted.

Sophisticated Design

At present, additive manufacturing processes are still frequently used for single pieces or small series. This is
where the advantages of this technology make it unique. In medical technology, for example, titanium implants
can be manufactured individually based on the physiological makeup of the patient. However, for economic
reasons, most companies continue fo use conventional production roufes for the mass production of standard
parts.

"If you try fo reproduce standard components by simply using a 3D printer, you will often find that it takes longer
and that the result does not meet the usual quality criteria,” explains Prof. Dr-Ing. Jan T. Sehrt from the newly
esfablished chair for hybrid additive manufacturing at the Ruhr University of Bochum. “However, this is offen not
due to the technology but o the upstream work on the computer. VWhoever wants to use additive manufacturing
economically must also adapt the product design to this technology. It is best if the designer has knowledge of
the entire process chain, including the use of components.”

In order o achieve an optimal result, many factors must be considered. The thicker the metal layers, the faster the
product is ready. However, the “step effect” on curves, freeform surfaces, and blunt angles also increases while
the surface quality decreases. It is therefore necessary fo find a compromise that guarantees a high surface
quality with reasonable production times. The physical properties of the material also play a role. Anisotropic
effects can occur in the component due to the layered application. Such effects can be avoided if the position of
the product on the work surface is changed, for example by producing it with an incline of a few degrees.

To ensure that the part is sfill firmly connected to the construction platform during the entire process, support
structures must be included in the planning phase and then removed again after production. These struts also
reduce the distorfion that can occur when the material cools which affects the overall structure. They also
dissipate the thermal energy generated when the powder melts.

The Right Strategy Counts

In addition to the model, the right exposure strategy also has a significant influence on product quality. Each
area of a component has different requirements. Also, it is possible to set the component properties specifically
via the exposure parameters with the laser. For example, a component could be built up more densely in the
outer area than in the inner area.

Overhanging areas of the component play a special role because of their support structures; in cerfain areas a
particularly high surface quality is required. These factors can be influenced by various exposure parameters —
for example, the exposure time or the distance between the trails of melting. Here, too, computer programs help
fo determine the correct exposure strategy and thus achieve optimal product quality.
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How all these measures affect the production process and product
quality can be tested by the designer in a simulation on the computer
before actual production begins. “As in many areas of Industry 4.0, the
amount of work involved shifts from the manufacturing process to
planning and control,” explains Prof. Sehrt.

Optics Are Paramount

Whether in additive manufacturing or classic welding and soldering:
laser material processing is part of everyday production in many
industries today. The application area and quality of an industrial laser
depend — last, but not least — on the beam parameters. The optical
components in the machines are crucial for this.

LASER COMPONENTS has specialized in supplying customized laser
opfics and fiberoptic assemblies. Even if you have unusual requirements,
we will work with you to find a solution in which power, wavelength,
and beam profile are optimally matched to your industrial laser. It does
not matter if it is a single piece or a complefe series; our in-house
production feam can ensure that you always get the right optics in the
best quality with various coating processes. We also look to the future:
Our R&D team is consfantly working on the further development of
existing technologies.
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