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Editorial

Welcome to Fraunhofer ADDITIV NEWS
2.24 — the formnext 2024 special issue of
our Fraunhofer Competence Field Additive
Manufacturing newsletter, introducing
you to Fraunhofer’s showcase at formnext
2024, presenting highlights from Fraunho-
fer’s applied research in Additive Manufac
turing (AM) and 3D Printing!

Once again, our booth combines four
sections clustered by AM material type —
metal, polymer, ceramics and multi-mate-
rial — complemented by a hallway-style
section that addresses the entire additive
process chain from pre-process operations
via in-process innovations up to post-pro-
cessing of AM parts, allowing our visitors
to experience the entire additive process
chain along its elements.

Let me specifically introduce you to some
of our highlight exhibits, that are explained
in detail in this newsletter’s articles. Our
cover picture shows Fraunhofer IAP’s 3D
printed pericardial membrane with high
elasticity and flexibility to support move-
ments of the human heart while provi-
ding reliable protection against external
influences, to be applied in future cardiac
surgery. Another material innovation is
LPBF manufactured SiSiC ceramics from
Fraunhofer IKTS, with its first application
to be found in gas burners.

Presented AM process innovations encom-
pass Fraunhofer ILT's advanced beam
shaping for higher AM process productivity
and Fraunhofer IGCV's cold spray forming
technology. Innovations in the digital AM
workflow come from Fraunhofer IWM
with simulation web apps for LPBF of
polymers, and from Fraunhofer IAPT with
digital twins for optimized AM processes.
When it comes to real life AM applicati-
ons, let me introduce you to Fraunhofer
EMI’s AM kinetic energy absorbers, to
Fraunhofer IFAM'’s printed batteries and HF
filters for satellite communication and to
Fraunhofer IOF’s printed optics. But there
is much more to explore in this newsletter,
we hope you enjoy reading and learning
more about Fraunhofer’s formnext 2024
exhibits!

We wish you a successful formnext 2024
trade fair visit and look forward to a lively
exchange with you directly at formnext at
our booth in hall 11.0, booth D31!

Dr. Bernhard Mueller
Spokesperson

Fraunhofer Competence Field
Additive Manufacturing



Our Exhibitors

Fraunhofer Competence Field Additive Manufacturing
The Fraunhofer Competence Field Additive Manufacturing integrates
20 Fraunhofer Institutes across Germany and represents the entire pro-
cess chain of additive manufacturing. This includes the development,
application and implementation of additive manufacturing methods
and processes. Many years of experience from national and internatio-
nal industrial contracts and research projects form the basis to develop
customer-specific concepts and master complex tasks.

Fraunhofer Institute for Material and Beam

Technology IWS

Materials and Lasers — Competence with a System. Fraunhofer IWS
develops complex system solutions in materials and laser technology.
We define ourselves as idea drivers developing customized solutions
based on laser applications, functionalized surfaces and material

and process innovations — from easy-to-integrate custom solutions
to cost-efficient solutions for small and medium-sized enterprises to
industry-ready one-stop solutions.«

Fraunhofer Institure for Casting, Composite and
Processing Technology IGCV

Fraunhofer IGCV stands for application-oriented research with focus
on efficient engineering, networked production and smart multi-mate-
rial solutions. Our unique selling proposition lies in interdisciplinary
solutions for casting, composite and processing technology. A special
highlight is our extensively equipped AMLab where we conduct appli-
cation-oriented research on various processes, e.g. laser-based powder
bed fusion of metals (PBF-LB/M), high pressure cold spray (CS), liquid
metal printing (LMP) and binder jetting.




Fraunhofer Institute for Ceramic Technologies and
Systems IKTS

Fraunhofer IKTS is your research partner for high-performance
materials, especially ceramics, glasses and hard metals. The institute
offers complete AM solutions ranging from powder and suspension/
feedstock development, the design and development of (functionally
graded) components, the manufacturing technology selection as well
as thermal processing of AM components. As a plus, IKTS offers the
characterization and assessment of the manufactured components and
systems in each step of the entire process chain.

Fraunhofer Institute for Machine Tools and Forming
Technology IWU

The Fraunhofer IWU is a driver for innovations in the research and
development of production engineering. Around 670 highly qualified
employees work at our locations in Chemnitz, Dresden, Leipzig, Wolfs-
burg, and Zittau. We open up the potential for competitive manufactu-
ring in automotive and mechanical engineering, aerospace technology,
medical engineering, electrical engineering, and precision and microen-
gineering. We focus on scientific developments and contract research
regarding components, processes, methods, and the associated com-
plex machine systems and their interaction with humans — the entire
factory. As the leading institute for resource-efficient manufacturing,
we bank on highly flexible, scalable cognitive production systems using
nature as an example.

Fraunhofer Institute for Manufacturing Technology and
Advanced Materials IFAM

Fraunhofer IFAM offers the whole range of metal powder-based AM
processes to provide thorough access to the various possibilities of
additive manufacturing technologies. The comprehensively equip-

ped additive manufacturing application center at Fraunhofer IFAM in
Bremen comprises the complete process chain for PBF-LB and MBJ2. At
Fraunhofer IFAM in Dresden, the Innovation Center Additive Manu-
facturing ICAM® brings together PBF-EB, 3D Screen Printing, FFF*, Gel
Casting, MoldJet® and LMM?® under one roof.




Fraunhofer Institute for Laser Technology ILT

Activities of Fraunhofer ILT cover a wide range of areas such as the
development of new laser beam sources and components, laser mea-
surement and testing technology, and laser manufacturing technology.
This includes cutting, ablation, drilling, welding and soldering as well

as surface finishing, micro manufacturing and additive manufacturing,
among others. The areas of application for laser beam sources and pro-
cesses include production and metrology, energy and mobility, medical
and environmental technology, and quantum technology. Together
with excellent partners from German and international research and
industry, we develop, for example, satellite-based measurement systems
for climate research or frequency converters for a fiber-based quantum
internet. Cross-sectionally, Fraunhofer ILT addresses issues of digitaliza-
tion in photonics and production technology, process monitoring and
control, simulation and modeling, Al in laser technology, and the entire
field of system technology.

Fraunhofer Institute for Applied Optics and Precision
Engineering IOF

The Fraunhofer Institute for Applied Optics and Precision Engineering
IOF in Jena conducts application-oriented research in the field of photo-
nics and develops innovative optical systems for controlling light - from
its generation and manipulation through to its application. The insti-
tute’s range of services covers the entire photonic process chain from
opto-mechanical and opto-electronic system design to the production
of customer-specific solutions and prototypes.

Fraunhofer Group for Production

The Fraunhofer Group for Production unites 13 institutes and research
units offering innovative system solutions in the wide field of produc
tion technology and logistics. The range of services covers the entire
value creation process. In the field of additive manufacturing, our
institutes can provide solutions in upstream and downstream processes
of the value creation chain. The consolidated expertise covers digitaliza-
tion and networking of tools and AM machines, hybrid manufacturing
chains, product engineering, quality assurance and rework, training and
AM material flow. At Formnext 2024, the special focus will be on the
presentation of technology solutions and process developments in the
field of various post-processing methods and their automation.
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DDMC2025

Fraunhefer Dir
Mangfaniuiag

The Fraunhofer Direct Digital Manufacturing Conference DDMC 2025 is a bi-annual
cutting-edge forum for discussion on Additive Manufacturing, which will take place from
March 12 to 13, 2025 at the Parkinn by Radisson Berlin Alexanderplatz.

Fascinating developments in additive manufacturing and 3D printing technology will

be presented over two days at Fraunhofer DDMC 2025. Over 50 presentations by AM
experts from industry and research will create an exciting program. In addition to AM
technology development for metals, plastics and ceramics, the presentations will cover
the topics of material innovations, process monitoring and artificial intelligence as well as
sustainability. The traditional evening event in an attractive Berlin event location for net-
working will take place on the evening of the first conference day and offers an excellent
opportunity to make contacts, exchange experiences and develop new collaborations.

We are particularly pleased to once again welcome renowned experts in additive manu-
facturing from research and industry as keynote speakers to our conference - Prof. Bianca
Colosimo (Politecnio di Milano, Italy), Prof. Wojciech Matusik (MIT, USA), Prof. Enrico Stoll
(TU Berlin, Germany), Marcel Strobel (Quantica GmbH, Germany) as well as Dr. Sebastian
Piegert and Dr. Cynthia Wirth (Siemens Energy, Germany).

Please note that the conference is just four months away. Registration has just opened

and we encourage you to take advantage of the early bird registration fees! Collect more
info on our program and registration on our website.

www.ddmc-fraunhofer.de
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Optimizing Kinetic Energy Absorbers by
Additive Manufacturing

The EDA-Cat B project "AMALIA" — Additi-
ve Manufacturing (AM) of Metallic Auxetic
Structures and Materials for Lightweight
Armor — aims to revolutionize blast protec
tion using Laser Powder Bed Fusion (LPBF)
to create optimized cellular structures.
Alongside intricate cell design, the project
addresses manufacturing challenges rela-
ted to armor steels, ensuring optimal per-
formance under the demanding conditions
of blast loading.

Blast and ballistic protection are critical
concerns in military vehicle design, with
armor often constituting over 50% of a

vehicle’s total weight. As threats evolve,
traditional high-performance protection
steel plates can add significant weight,
impacting both mobility and efficiency. The
AMALIA project seeks to transform this
landscape by developing innovative solu-
tions through the additive manufacturing
(AM) of auxetic cellular structures using
laser powder bed fusion (L-PBF), addressing
the critical need for effective blast protec-
tion while minimizing overall armor weight.

Auxetic materials possess a unique negati-
ve Poisson’s ratio, allowing them to expand
orthogonally when stretched and contract



Numerical optimization for AM cells enhances
energy absorption and protection. «

when compressed. This remarkable proper-
ty significantly enhances energy absorption
during impacts, making these materials
denser at impact zones and improving their
protective capabilities. Such characteristics
are especially vital in military applications,
where the ability to absorb and dissipate
energy can be the difference between
survival and failure on the battlefield.

The primary objective of the AMALIA
project is to identify optimal designs for
kinetic energy absorbers by examining
various cell geometries, arrangements,
and dimensions using advanced numerical
optimization methods. Additionally, the
selection of suitable alloys based on their
mechanical properties and microstruc
tures is key to ensuring effectiveness. To
enhance the performance of these cellular
structures under blast loads, various cell

topologies and gradients in relative density
are thoroughly analyzed. Advanced simula-
tions are utilized to train a neural network
as a surrogate model, facilitating a more
streamlined optimization process. The sui-
tability of traditional armor steels for AM

is also investigated, while simultaneously
exploring the potential of novel alloys,

Fraunhofer Institute for High-
Speed Dynamics,
Ernst-Mach-Institute EMI

Aron Pfaff

Tel. +49 (0) 7612714-522
aron.pfaff@emi.fraunhofer.de
www.emi.fraunhofer.de
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Optimizing Kinetic Energy Absorbers by Additive Manufacturing

Hardness [HY 10]
460 480 440 420 400 380 350

i & 'l i 1 L

10

50
. a0
L0
- = 60
L 50
a0
" 30

| L2

In-situ heat treatment to generate property gradients.

such as High Manganese Steel and 17-4
PH Steel, to withstand blast and ballistic
threats while meeting rigorous military
standards.Furthermore, process parameter
optimization is conducted, with a strong
focus on incorporating in-situ thermal
treatment during manufacturing to produ-
ce functionally graded materials that can
offer enhanced performance.

The resulting structures undergo rigorous
testing under real-world blast loads to
compare experimental results with simu-
lation outcomes. Strong correlations have
been observed between experimental data
and simulations, validating the effecti-
veness of our design and manufacturing
processes. In conclusion, the combination

12

of numerical optimization techniques

with additively manufactured armor steels
represents a significant advancement in
energy absorption capabilities, enabling
the development of highly efficient protec-
tive structures tailored to meet stringent
performance requirements in defense
applications.

The European AMALIA project is suppor-
ted by the German Federal Ministry of
Defence (BMVQg). Fraunhofer EMI brings
invaluable expertise in high-speed dyna-
mics, modeling, simulation, and experi-
mental methods, ensuring the develop-
ment of effective and reliable protective
solutions that can adapt to the ever-evol-
ving landscape of military threats.



AMALIA Project Highlights

Advanced Manufacturing: Utilizes Laser Powder Bed Fusion (LPBF) for creating lightweight
cellular and auxetic structures.

Generative Design Optimization of Cellular Structures: Using and developing numeric methods
in order to optimize cellular structures for blast loads.

Suitability of AM Armor Steels: Explores both traditional and alternative armor steels for
optimized performance.

Functionally Graded Materials: Incorporates in-situ thermal treatment to achieve tailored
mechanical properties for increased material performance.

High-Speed Dynamics Testing: Employs blast testing to ensure the reliability of protective
solutions.
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Artificial pericardium

©Fraunhofer IAP,
Photo: Till Budde




Artificial tissue from the 3D printer

The PolyKARD project has made signifi-
cant progress in the field of biomedical
materials: The production of an artificial
pericardium that biomimetically mimics the
properties of the natural pericardium. This
was made possible with the help of special
biomimetic polymers and an innovative

3D printing process. The resulting material
imitates the mechanical and biological
properties of the pericardium. It is elastic,
biocompatible and durable. The structure
and function of the PolyK ARD material are
strikingly similar to those of the natural
pericardium.

The artificial pericardial membrane is
elastic and flexible enough to support the
movements of the heart, while at the same
time providing reliable protection against
external influences. These properties make
the material a promising candidate for

use in cardiac surgery, particularly in the
development of implants.

A promising further development, in
cooperation with Professor Russell Harris
and Dr Silvia Taccola et al. from the UK, is
the integration of magnetically responsi-
ve nanoparticles. This new variant of the
material combines elasticity with magne-
tic properties and thus enables external
control using magnetic fields. This opens
up new possibilities for use in robot-assis-
ted surgery or other medical technology
applications.

Fraunhofer Institute for Applied
Polymer Research IAP

Wolfdietrich Meyer

Tel. +49 331 568-1442
wolfdietrich.meyer@iap.fraunhofer.de
www.iap.fraunhofer.de
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Web applications to identify optimal
PBF-LB/P process parameters

The laser powder bed fusion process for
polymers (PBF-LB/P; also known as selecti-
ve laser sintering, SLS) involves a multitude
of process parameters requiring precise
adjustments. To obtain a suitable parame-
ter set for a given polymer time-consuming
experimental investigations are typically
necessary. To address this challenge, we
have developed digital tools designed to
assist in selecting the most critical process
parameters.

PBF-LB/P process window identifier

This handy web application is an imple-
mentation of the theoretical framework
derived within the German Research
Foundation priority program 2122 “Mate-
rials for Additive Manufacturing”. The
goal is to pinpoint the ideal laser power to
thoroughly melt the polymer and fabricate
a dense part. This optimal setting should
result in optimal mechanical properties of
the final product while ensuring that the
polymer does not thermally degrade (cf.
Figure 1). The application calculates expec-
ted process results based on the material
properties and process conditions provided
by the user.

The theory behind the suggested optimal
laser power range is based on the attenua-
tion melt ratio (AMR). The AMR is the ratio
of the thermal energy density due to laser
irradiation and the thermal energy density
required to fully melt the material.

Multilayer PBF-LB/P process simulation

In previous research on particle-based
simulations of the PBF-LB/P process, it was
found that the relevant physical phenome-
na can be divided into three distinct tem-
poral phases: laser motion (approximately
100 ps), thermal diffusion (around 100 ms),
and viscous flow (about 10 s). Simulations
demonstrated that the differences in time
scales create temperature and density
gradients primarily along the build direc-
tion. Recognizing that the build direction

is the relevant spatial direction, the idea

to discretize a process and material model
only along this axis has been developed.
This simplification reduces the computatio-
nal effort dramatically and allows, e.g., to
study the influence of inter-layer time — the
interval between the deposition of succes-
sive powder layers — on the densification
process.



Process Window App

Process Simulation App

As a result, a simulation tool for the PBF-
LB/P process has been implemented, which
discretizes solely in the build direction (cf.
Figure 2). This model can accurately predict
surface temperature, melt pool depth and
part density which has been confirmed
through comparisons with experimental
data for polyamide 6, polyamide 12 and
polyetherketoneketone.

1. Set material and process parameters

2, Conduct the simulation

Fraunhofer Institute for
Mechanics of Materials IWM

Dr. Claas Bierwisch

Tel. +49 (0)761 5142-347
claas.bierwisch@iwm.fraunhofer.de
https://www.iwm.fraunhofer.de
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Generative production of high-frequency
filters for satellite communication

Modern communication systems, like satel-
lites and mobile phones, demand higher
data rates, leading to an increasing use of
millimetre wave frequency bands. Yet, as
frequency increases, wavelengths decrea-
se, necessitating smaller components. This
miniaturisation requires technologies for
efficient, low-loss manufacturing of, e.g.,
filters, antennas, and diplexers. Conven-
tional processes are also becoming less
economical.

Additive screen printing has emerged as

an ideal solution for these components.

In a joint project with the European Space
Agency (ESA) and the University of Kiel,
significant advancements in groove-gap
waveguide (GGW) technology have been
made. This technology effectively produces
millimetre wave components. The quality
achieved in the project is comparable to
conventional milled parts while being more
flexible and cost-effective for large-scale
production.

Here, screen printing, well-known and
widely used in the solar and electronics

industries, is enhanced to the third
dimension by printing layer on layer. Thus,
structures with less than 100 pm fineness
and high surface quality are achieved. Not
only can complex internal geometries be
realised, but quantities of several million
units are also possible in a later applica-
tion. Additionally, the powder metallurgical
approach allows for the production of
components from a wide range of
industrially relevant materials close to the
final shape.

Fraunhofer Institute for
Manufacturing Technology and
Advanced Materials IFAM
Dresden Branch

Dr.-Ing. Kay Reuter

Tel. +49 (0) 351 2537 433
kay.reuter@ifam-dd.fraunhofer.de
www.ifam.fraunhofer.de/en/additiv
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Cold Spray Forming — a new way to
manufacture large-volume components

Originally developed in the 1980s as a
metal-coating process, Cold spray has
recently gained importance as a large-scale
additive manufacturing technology. Until
now, this required complex path planning
or the elaborate production of a mandrel
as a shaping substrate.

To enable Cold Spray as an additive manu-
facturing process, it is necessary to apply
a suitable path planning strategy to build
geometrically defined shapes with this pro-
cess, such as rectangular walls. Especially
for rotationally symmetrical, mandrels offer

a further option. Mandrels are conven-
tionally manufactured base parts that are
used as a form-giving substrate. After
spraying, they are removed by conventional
subtractive processes, like turning.

This process can be simplified and impro-
ved by Cold Spray Forming (CSF). For

CSF, the mandrel itself is also additively
manufactured and can be chemically or
thermally dissolved after the process. For
the manufacturing, the processing of a
thermoplastic material by the Fusion Fila-
ment Fabrication (FFF) process is a suitable



Cold Spray forming enables the quic
manufacturing of large-volume multi
material components. «

and cost-efficient method. As Cold Spray
is a non-melting process, polymer subs-
trates can be coated with metal. Tests
have shown that only thermoplastics that
exceed a certain critical hardness can be
coated well. Thermosets are generally
subject to erosion.

So far, this process works particularly well
with the combination PEEK (Polyetheret-
herketone) and pure copper. However, the
sprayed copper only serve as an intermedi-
ate layer onto which other materials, such
as the nickel-based alloy Inconel®718,

can be sprayed. In this way, Multi-material
components can be easily produced, and
the mandrel can then be thermally dis-
solved, for example during the necessary
heat treatment. Compared to conventional
mandrel manufacturing, such as turning
from aluminum, this approach offers both

Dr. Georg Schl
Fraunhofer IG

cost and time-saving advantages as well

as an increased geometrical freedom. In
the future, further potential savings can be
achieved by identifying more cost-effective
suitable polymers.

Fraunhofer Institute for
Casting Composite and
Processing Technology IGCV

Philipp Kindermann

Tel. +49 821 90 678-133
philipp.kindermann@igcv.fraunhofer.de
www.igcv.fraunhofer.de
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Leveraging Digital Twins to Optimize
Additive Manufacturing Processes

The Industry 4.0 initiative has paved the
way for extensive digitalization and vir-
tualization in manufacturing processes. In
this landscape, the digital twin — a virtual
representation — of a system, process, or
product can greatly improve both effi-
ciency and product quality. By systemati-
cally gathering and analyzing all relevant
production data, digital twin models offer
a thorough understanding of the entire
manufacturing workflow.

In the industry-funded ‘BigDataLMD’ pro-
ject, Fraunhofer IAPT has created a data-
pipeline infrastructure and accompanying
tools and software applications to facilitate
the digitalization of a powder-based laser
metal deposition system. Utilizing SINU-
MERIK Edge and in-situ optical sensors
like optical coherence tomography and
high-speed infrared camera, the system
captures all relevant machine parameters
and process-related data. A product digital
twin is then generated in Siemens Insights
Hub® for visualization and analysis of
sensor data followed by the identification
of key influencing factors. Additionally,
the software tool enables users to gather
metadata like powder characteristics and

also data generated from subsequent qua-
lity measurement steps like tensile testing,
hardness measurement, etc. From the
analyzed data, actionable recommendati-
ons are developed to enhance the stability
of the powder-laser-DED process.

Traceability of the entire manufacturing
process is thereby achieved through
digitalization of the process chain. One of
the primary benefits of such a digital twin
model is the continuous and automated
optimization of processes. Through data-
and Al-driven simulations and forecasts,
end-users can make accurate predictions
and detect potential errors early, thereby
enhancing the stability and precision of
additively manufactured components.

By minimizing waste during the manu-
facturing process, a much more resource
efficient and sustainable process can be
achieved.
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Fraunhofer Research Institution
for Additive Manufacturing
Technologies IAPT

Vishnuu Jothi Prakash

Tel. +49 40 484010-630
vishnuu.jothi.prakash@iapt.fraunhofer.de
www.iapt.fraunhofer.de
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Additively manufactured battery cell
housings with three materials

The Fraunhofer Institute for Casting,
Composite and Processing Technology
IGCV has developed a three-material
processing technique using powder bed
fusion (PBF), enabling the production of
battery cell housings from aluminum,
copper, and ceramic in a single manu-
facturing step. This approach allows for
the creation of geometrically complex
housings, offering significant flexibility in
both design and production. By integrating
multiple materials into a single process,
the technique simplifies the manufacturing
chain by eliminating the need for conven-
tional methods like molding and stam-
ping. Particularly suitable for small-batch
production, the method supports rapid
design adjustments during early develop-
ment stages without incurring the costs of
new tooling. Such flexibility is essential in
the fast-paced development of next-gene-
ration battery cells, where quick proto-
typing and frequent design modifications
are crucial. By reducing iteration cycles and
lead times, this process facilitates faster
transitions from design to market, acce-
lerating the introduction of new battery
technologies. A key feature of the techni-
que is its ability to incorporate ceramics as

electrical insulation alongside conductive
metals in a single powder bed fusion
process. High ceramic density is achieved
without extensive preheating, ensuring the
structural integrity of the final product.
Although the process involves longer build
times and requires postprocessing through
milling, the advantages of design flexibility
and supply chain agility present a strong
alternative to traditional manufacturing
methods. In addition to multi-mate-

rial battery cell caps, there is significant
potential for additive manufacturing of the
cell can, too. This component can also be
produced using PBF. However, maintaining
high geometric accuracy is a current chal-
lenge, which can be addressed through
specific distortion-minimizing measures.
To improve the surface roughness of the
manufactured cell can, the Fraunhofer
IGCV has introduced a postprocessing step
involving vibratory finishing. This ensures
that the required surface quality is achie-
ved, meeting the standards for battery cell
applications.



Additively manufactured battery cell housings with three materials
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Multi-material cell cap assembled together with a pure aluminum cell can.

»A customized manufacturing system, enhanced by an articulated
robot, enables additional material deposition through the use of a
guided powder nozzle.« — Thomas Bareth, Fraunhofer IGCV

Fraunhofer Institute for

Multi-Material Processing Casting, Composite and
Processing Technology IGCV

Innovation

® Simplified Manufacturing Chain Thomas Bareth

m |deal for Small Batch Sizes Tel. +49 821 90678-314

B Conductor-Insulator Integration thomas.bareth@igcv.fraunhofer.de
www.igcv.fraunhofer.de
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Battery manufacturing using 2D and 3D
printing processes

The development of advanced batteries
is crucial for meeting the growing
energy demands and addressing

environmental challenges in today’s world.

Fraunhofer IFAM is developing innovative
manufacturing processes for the batteries
of the future using 2D and 3D printing
techniques. The use of the screen printing
process allows e.g. higher active material
loads and greater design flexibility of
electrodes. Fully printed batteries reduce
the use of solvents and drying processes.
Current challenges in energy storage,
such as increasing specific energy density
and environmental friendliness through
alternative materials, are being addressed.

The additive manufacturing of electrodes
offers advantages regardless of the battery
cell system whether Lithium, Zinc or
Sodium and whether liquid or solid-state
battery. Screen printing processes enables
the production of thicker electrodes,
allowing for higher energy densities. Other
advantages include a high degree of design
freedom, so cells can be designed to fit
perfectly into the construction space and is
produced in the final shape, so no cutting
is needed and no waste is generated.
Additionally, environmentally friendly water
based printing pastes were developed.
Being able to significantly reduce the solvent
content in the printing pastes helps to



Battery production of the future, more
environmentally friendly and cheaper
through printing. «

reduce process costs significantly, which in
battery production are mainly determined
by the energy consumption during drying.

Additive manufacturing also offers
considerable advantages for the production
of next-generation batteries. For example,
composite electrodes consisting of active
material and solid-state electrolyte can be
printed in a single process step.

The final vision of these developments is a
fully printed cell, including current collectors,
separators and housing, which can be
individually adapted to the application
needs. Therefore, an innovative battery
production line for printed Na-lon solid-state
batteries, which covers the entire production
process from paste preparation to printing

and cell assembly, has already been put into
operation. A further printing line for pilot
series is currently under construction to
bring the technology into application.

Fraunhofer Institute for
Manufacturing Technology and
Advanced Materials IFAM

Jonas Deitschun

Tel +49 (0) 4212 246 239
Jonas.deitschun@ifam.fraunhofer.de
www.ifam.fraunhofer.de
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LPBF of copper materials for applications in
energy and aerospace sector

Combustion chambers in rocket engines
and inner structures of a fusion reactor have
to withstand extremely high temperatures.
In addition to the high thermal load, there
are further requirements regarding heat
transfer, strength and corrosion resistance
of the material. Copper materials are
particularly suitable for this requirement
profile due to their excellent conductivity.
Used as a functional material to dissipate
heat, they make a decisive contribution to
the functionality of components subjected
to high thermal loads.

Fraunhofer Institute for Laser Technology
ILT has many years of experience in the
processing of copper materials using
LPBF. In recent years, ILT has significantly
improved process technology for the
LPBF of copper materials using infrared
and green laser radiation. By processing
GRCop42 (CuCrNb) with the aid of green
laser radiation, process limits in LPBF to
manufacture dense components could
be extended. This has enabled further
optimization along the manufacturing
process chain.



Additive manufacturing of copper materials
using laser powder bed fusion (PBF-LB/M

or LPBF) allows the advantages of the
material to be combined with the benefits
of functionally optimized component
design. For example, thin walled flow- and
heat-transition-optimized internal channels
improve the dissipation of heat in very high
temperature ranges. However, with respect
to thermal cycling and mechanical loads,
process development for the manufacturing
of thin walled components is quite
challenging.

Fraunhofer ILT takes these requirements
into account and endeavors to transfer
them into different applications. Current
development is focused on the processing
of copper and tungsten in material

composites in order to manufacture thin-
walled and high-temperature resistant heat
sinks and heat exchangers. These are used,
among other things, in the field of nuclear
fusion but also in other highly stressed
components.

Fraunhofer Institute for
Laser Technology ILT

Daniel HeuBen

Tel +49 241 8906-8362
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Transforming Metal Additive Manufactu-
ring with Advanced Beam Shaping

With laser beam shaping, we stand at

the beginning of a revolution in the

Laser Powder Bed Fusion (PBF-LB/M or
LPBF) process. The conventional single-
beam approach is often hindered by low
productivity and limited scalability due to
process instabilities, such as humping and
spattering. Consequently, the full potential
of available laser power remains untapped
when using singlemode lasers. Until now,
scaling the process required multiple laser-
optical

systems, resulting in linear costs increase.

Improving the productivity and efficiency
of the single-beam process is therefore

a key objective. Recent developments in
basic beam shaping techniques—such as
ring shapes, dual Gaussian arrays, and
Bessel beams—have demonstrated a signi-
ficant influence of intensity distribution on
melt pool stability and the geometry of the
resulting melt track. Previously, the poten-
tial effects of a fully customizable intensity
distribution were only theoretical. Howe-
ver, this is now becoming a reality with
the emergence of Liquid Crystal on Silicon
Spatial Light Modulators (LCoS-SLMs)

in the 1 kW range. These SLMs enable
pixel-level precision in curving the laser
beam'’s wavefront, allowing for flexible fine
adjustments to the intensity distribution.
Fraunhofer ILT has one of the world’s first
PBF-LB/M laboratory setups with 2 kW
laser power and LCoS-SLMs for identifying
the most advantageous beam shape for
typical objectives (productivity, crack-pre-
vention, etc.).

The ongoing experiments are paving
the way for faster, more cost-effecti-
ve, and highly efficient metal additive
manufacturing.

Fraunhofer Institute for
Laser Technology ILT
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Highly Individualized Micro and
Macro-optical Components and Systems

Conventional micro- and macro-optics are
usually manufactured from glass and poly-
mer, using replication from molds techno-
logies, which are in particular suitable for

large batch sizes. However, the economic

production of highly individualized optical
components is not possible in this way.

Fraunhofer IOF therefore is continuously
developing innovative solutions for optics
manufacturing of the future, including the
additive manufacturing of highly indivi-
dualized micro- and macro-optics. One
promising technology is inkjet printing,
which not only enables the cost-effecti-
ve production of customized optical and
opto-electronical components, but also
opens up new possibilities for manufac-
turing highly integrated electro-optical
systems. For example, conductor tracks,
LEDs and photodetectors can be integrated
directly into optics.

The entire process chain - from pre-tre-
atment of surfaces to the development of
the printing process and post-treatment of

the printed structures - is being researched
and optimized at Fraunhofer IOF. 3D inkjet
printing offers fast, flexible and material-
efficient production of layered structures,
for example for the automotive industry,
medicine and communication technology.
Due to its scalability, the process is suitable
for both mass production and customized
small series.

Fraunhofer Institute for Applied
Optics and Precision Engineering
IOF
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Laser Powder Bed Fusion for the
production of complex SiSiC ceramics

Laser powder bed fusion (PBF-LB or LPBF)
is an established AM process in the field
of plastics and metal printing. In PBF-LB,
materials as powders melt by a laser in

a powder bed. By adapting the process,
Fraunhofer IKTS has succeeded in making
the shaping method usable to produce
silicon infiltrated silicon carbide ceramics
(SiSiC). PBF-LB has not yet found any tech-
nical application to produce silicon carbide
ceramics (SiC), as SiC is not fusible and
forms passivating oxide layers at high tem-
peratures.To address this issue, together
with the project partner ESK-SIC GmbH,
SiC powders were developed, which have

a high flowability due to their roundness
and are ideally suited for powder bed-
based manufacturing processes. The SiC
powders were then coated with a special
Novolak. This resin can be melted thermo-
plastically and can also be converted into a
duromer.

Additive Manufacturing of SiSiC via
PBF-LB

SiC powders prepared in this way can

be processed using inexpensive systems
designed for polymer printing with diode
lasers (power less than 5 W), CO,-lasers or



Almost as easy as with plastic. «

fiber-lasers. The temperatures during the
process only soften the plastic and there-
fore bond the individual coated SiC grains
together. Oxidation of the SiC surface does
not take place and the process can be
operated without costly inert atmosphere.
To produce densest possible green bodies,
parameters were optimized for PBF-LB.
The energy density, hatch spacing and the
assembly temperature used during shaping
are the main process-related influencing
factors for increasing the green density. By
optimizing the process, it was possible to
produce polymer bonded SiC green
bodies with a density of > 1.3 g/cm3,
which have sufficient stability for the sub-
sequent processing steps. After additive
shaping, components produced in this
way can be converted into silicon carbide
by carrying out conventional pyrolysis and
siliconization.

Christian Berger
Fraunhofer IKTS

First applications in gas burners

PBF-LB is particularly suitable for manu-
facturing delicate components with tight
tolerances. Using this process, the first
open-cell SiSiC components were pro-
duced at IKTS for application tests at
Promeos GmbH.

Fraunhofer Institute for Ceramic
Technologies and Systems IKTS

Christian Berger
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These components homogenize the ther-
mal radiation pattern in gas burners and
increase the emission of infrared radiation,
which enhances the efficiency of drying
processes. In terms of oxidation stability,
there were no differences to conventionally
SiSiC. Due to the high Weibull strength of
up to 266 MPa achieved with a Weibull
modulus of 21, the process is also suitable
for addressing structural ceramic applicati-
ons in the future.

The technology is currently being trans-
ferred to other material systems in R&D
projects. In addition to reaction-bonded
boron carbide, the development focus

is on silicon infiltrated diamond-silicon
carbide composites. In addition to their
excellent tribological properties, these
material composites also have unique
thermal characteristics. At over 500 W/mK,
these composites achieve better thermal
conductivity than silver (429 W/mK). At the
same time, silicon infiltrated diamond-sili-
con carbide composites have a thermal
expansion of 4.5 x 108 1/K, which is very
close to that of silicon. This highlights the
material’s appeal for heat exchangers and
heat pipes in microelectronics applications.



Laser Powder Bed Fusion for the production of complex SiSiC ceramics

Key Facts

device type
manufacturer

build volume

layer thickness
minimum wall thickness
build speed

special features

KIT (or others)
Sintratec

90 x 90 x 90 mm3
100-200 pm

< Tmm

< 240 cm3/h

polymer laser system

Detailed picture of a printed gas burner structure

et e
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Fraunhofer-Gesellschaft zur Forderung
der angewandten Forschung e.V.

The Fraunhofer-Gesellschaft, based in
Germany, is a leading applied research
organization. It plays a crucial role in the
innovation process by prioritizing research
in key future technologies and transferring
its research findings to industry in order to
strengthen Germany as an economic hub
as well as for the benefit of society.

As an important customer group, small-
and medium-sized companies in parti-
cular tap into Fraunhofer’s expertise and
resources to develop new technologies
and maintain their competitiveness. For
years, Fraunhofer has been one of the
most active patent applicants in Germany
and Europe. The research organization

is therefore developing an extensive,
international patent portfolio in various
technology sectors, primarily as a basis for
transferring technology through research
projects, spin-offs and licensing. In this
way, Fraunhofer experts support industry
partners from ideation to market launch,
and Fraunhofer’s interdisciplinary and inter-
national collaboration in specific market
environments addresses social objectives in
important technology areas.

International collaboration projects with
excellent research partners and companies
across the globe ensure that the Fraunho-
fer-Gesellschaft remains in direct contact

with the most prominent scientific commu-
nities and economic areas.

Founded in 1949, the Fraunhofer-Gesell-
schaft currently operates 76 institutes and
research units throughout Germany. Its
nearly 32,000 employees, predominantly
scientists and engineers, work with an
annual business volume of 3.4 billion
euros; 3.0 billion euros of this stems from
contract research, which is divided into
three funding pillars. Fraunhofer generates
a share of this from industry and license-
fee revenue to a sum of 836 million euros.

Applied research has an impact that goes
beyond the immediate benefits for the
client. It improves company performance
and promotes new technologies. It also
trains the future generation of scientists
and engineers, which is vital for economic
growth.

Our success is built on a motivated,
innovative workforce. At Formnext 2024,
they’ll be showcasing the future of 3D
manufacturing.

Fraunhofer. Innovations for our future



