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Laser Technology for a Lighter Future Flying

CO; Laser System Technology by Fraunhofer IWS Enables Efficient
Joining of Large Volume Fiber Composite Aircraft Structures

(Dresden, 05/28/2024) The Fraunhofer Institute for Material and Beam
Technology IWS has achieved decisive progress towards new ecological aircraft
construction concepts. Within the EU programm Clean Sky 2 in the project
“Multifunctional Fuselage Demonstrator” (MFFD), a team of researchers in
Dresden provided proof of concept for the chipless joining of carbon fiber-
reinforced thermoplastic component structures. The automated process
approach developed joined the upper and lower halves of the world's largest
CFRTP aircraft fuselage segment. In addition to saving on labor, for instance
when drilling and riveting, the novel construction method and the CONTIjoin
process enable massive reduction in weight, material and time. As a result, the
production of future commercial aircraft should become faster, more eco-
friendly and competitive. The researchers will present their results and the
system technology at the International Aerospace Exhibition ILA 2024 in Berlin.

An international consortium led by AIRBUS is researching production technologies for
the thermoplastic fuselage of tomorrow. In the “Large Passenger Aircraft” (LPA)
framework program within the MFFD project, the team led by Dr. Maurice Langer,
Group Manager Bonding and Fiber Composite Technology at Fraunhofer IWS, used a
CO; laser beam source to demonstrate the welding of long joining seams on large-
volume thermoplastic aircraft fiber composite structures outside of an autoclave for the
first time in the world.. On the left side of the MFFD, the process approach developed
at Fraunhofer IWS produced the final longitudinal seam joint between the upper and
lower fuselage halves of an eight by four meter section of the aircraft fuselage segment
made of “Carbon Fiber Reinforced Thermo-Plastics” (CFRTP) — in full scale. The so-
called CONTIjoin process, a combination of CO, laser technology and highly dynamic
beam shaping, controlled the laser power in real time to keep the temperature in the
joining zone constant. At the same time, it enabled the automated adjustment of the
beam shape in the welding gap.

Weight Savings

The innovative technology avoids the use of mechanical joining elements and material
doubling as with classic riveted overlap joints. Therefore, the hull shell made of welded,
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This marks an important step in aircraft construction using new types of thermoplastic No. 05 | 2024
high-performance materials, as it enables the production of high-strength and May 28, 2024 || Page 2 | 10

weldable large components. The challenge involved processing materials such as PAEK,
a plastic with a comparatively high heat deflection temperature and heat resistance.
"Conventional manufacturing processes for these materials are often energy-intensive Visit us
and costly,” explains Dr. Langer. “Together with our project partner AIRBUS, we have
therefore developed a process approach that allows us to join components outside the ILA Berlin 20
autoclave using a stepped shaft technology, while at the same time achieving excellent
strength properties for this composite.” Conventional processes are limited in this
respect, especially concerning high production rates and large-volume aerospace
component structures. Dr. Langer emphasizes: “New material classes require innovative 06/05/-06/09/2024
production methods. The declared aim of the Multifunctional Fuselage Demonstrator Berlin ExpoCenter
was to reduce the weight of the fuselage by up to one ton.” Over the operating life of
the aircraft, the lower weight and improved integration of the system architecture
could significantly reduce overall energy requirements, fuel consumption and emissions
of air pollutants such as carbon dioxide and nitrogen oxides. “With the CONTIjoin
process developed at Fraunhofer IWS, we have succeeded in taking an important

economic and ecological step for future aircraft development and related applications, ” Mf?]re(;nformation:
highlights Dr. Maurice Langer. s.ihg.de/ll A-PR
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Laser-welded Aircraft Half Shells

The team's key to success was to join the upper and lower shells of the aircraft body
step by step by continuously placing several laminate straps on top of each other.
Increasingly wider with each work step from 60 to 360 millimeters, the straps were
automatically placed in a stepped geometry on the surfaces of the half-shells. The
resulting overlap joints restore the initially interrupted force flow of the fiber composite
material between the half-shells and form a reliable load-transferring joint. “Another
special feature of this process is the wavelength of the CO; laser system used,” adds
Dr. Langer. The CONTIjoin process offers the unique advantage that the wavelength of
10.6 micrometers in the relevant thermoplastic part of the fiber composite material
provides a significantly higher absorption of the laser radiation than the conventionally
used fiber lasers with 1.06 micrometers. “As a result, we can reduce the required
energy at the interfaces between the individual components to a minimum and
completely eliminate typical following process steps. "

Fraunhofer IWS Technologies Drive the Difference

Another essential technology component is the “ESL2-100 module”, another in-house
development at the Dresden institute. “This enables us to process a wide variety of
sensor signals and implement corresponding control algorithms derived from them,”
explains Peter Rauscher, Group Manager High-Speed Laser Processing at

Fraunhofer IWS. “This offers the possibility to monitor and adaptively control the
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welding process in real time and would not be possible with conventional control PRESS RELEASE
electronics. For example, in addition to controlling the welding temperature along the No. 05 | 2024
welding gap, we are also able to take into account the position, width, and curvature May 28, 2024 || Page 3 | 10

of the aircraft half-shells.” The setup also consisted of two interacting movement units,
the so-called end effectors. The straphandling end effector's task was to precisely guide
the applied laminate during continuous deposition and to press it against the aircraft Visit us
half-shells in a contour-true, width-dependent manner. The second end effector
ensured laser beam guidance and pyrometric recording of the temperature in the ILA Berlin 20
joining zone. Each end effector moved synchronously with the other on its own linear
axis system so as to decouple the transmission of possible vibrations or deformations
caused by the pressing of the laminate strips from the laser system's optical beam
guidance. The conceptual development and implementation of the entire system and 06/05/-06/09/2024
control system, including the human-machine interface, were based on a proprietary Berlin ExpoCenter
development, while commercially available industrial components were used for the
other system components such as the laser beam source, pyrometer and X-Y scanners.
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Next Steps: Increase Technological Readiness and Expand Application Areas

In this way, the technology development, scaling, and application of the process were More information:
successfully demonstrated using large structures made of thermoplastic fiber composite s.fhg.de/ILA-PR
material such as the MFFD. The next step now is to increase the Technology Readiness
Level (TRL) and thus take a further step towards qualifying for aviation suitability. Dr.
Langer explains: “The CONTIjoin technology developed is attractive for aircraft
construction and other industries. In addition to aviation, the solution could also be
interesting for applications in shipbuilding, truck and trailer construction as well as in
rail transport or in the further development of modern wind turbines.” One challenge
poses itself in establishing the acceptance and use of both the thermoplastic composite
materials and the corresponding processes in the various industries.

Project partners involved in “MFFD":

Acroflight Ltd, Witham, UK

Aernnova Aerospace S.A., Vitoria, Spain

Aeromechs srl, Aversa, Italy

AIMEN — Asociacion de Investigacion Metalurgica del Noroeste, O Porrifio, Spain
Airbus

Aitiip Centro Tecnoldgico, Zaragoza, Spain

ALPEX Technologies GmbH, Mils, Austria

BCC - Brunel Composites Centre, University of London, UK

CETMA - Centro di Ricerche Europeo di Technologie, Design e Materiali, Brindisi,
[taly

CT Engineering Group — Ct Ingenieros Aeronauticos de Automocion e Industriales
Slu, Madrid, Spain

B (Tl Systems, Lentzweiler, Luxembourg
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B Diehl Comfort Modules GmbH, Hamburg, Germany No. 05 | 2024
B DLR - German Aerospace Center, ZLP Augsburg, Germany May 28, 2024 || Page 4 | 10
B DLR - German Aerospace Center, ZLP Stade, Germany
B Element Materials Technology, Seville, Spain
B FADA - Andalusian Foundation for Aerospace Development/CATEC — Center for Visit us

Advanced Aerospace Technologies, Seville, Spain
B FFT Produktionssysteme GmbH & Co. KG, Fulda, Germany ILA Berlin 20
B Fraunhofer-Gesellschaft, Fraunhofer Institute for Chemical Technology ICT, Pfinztal,

Germany =
B Fraunhofer-Gesellschaft, Fraunhofer Institute for Manufacturing Engineering and

Applied Materials Research IFAM, Stade, Germany 06/05/-06/09/2024
B Fraunhofer-Gesellschaft, Fraunhofer Institute for Casting, Composite and Berlin ExpoCenter

Processing Technology IGCV, Augsburg, Germany Airport

B Fraunhofer-Gesellschaft, Fraunhofer Institute for Material and Beam Technology
IWS, Dresden, Germany

GKN Aerospace, Fokker Aerostructures BV, Papendrecht, Netherlands

GKN Aerospace, Fokker ELMO BV, Hoogerheide, Netherlands

HSLU — Lucerne University of Applied Sciences and Arts, Lucerne, Switzerland
KVE Composites Group, The Hague, Netherlands

LSBU — London South Bank University, London, UK

NLR — Royal Netherlands Aerospace Center, Marknesse, Netherlands
Ostseestaal GmbH & Co KG, Stralsund, Germany

Premium AEROTEC, Augsburg, Germany

Rescoll, Pessac Cedex, France

SAAB AB, Stockholm, Sweden

SAM XL, Delft, Netherlands

Techni-Modul Engineering, Coudes, France

Technical University of Munich, Chair of Carbon Composites, Munich, Germany
Delft University of Technology, Delft, Netherlands

TWI - The Welding Institute, Cambridge, UK

UPAT — University of Patras, Patras, Greece

XELIS GmbH, Herford, Germany
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Info Box

Clean Sky 2 and Clean Aviation Project “MFFD”

As part of the EU-funded “Large Passenger Aircraft” (“LPA") project, the
Fraunhofer-Gesellschaft in Stade, together with international project partners,
has joined together a true-to-scale upper and lower shell of the “Multi
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Functional Fuselage Demonstrator” (MFFD) using automated positioning and
joining processes. The welding of the longitudinal seams of the two eight-meter-
long CFRP half-shells with a diameter of around four meters successfully
completed the production of the world's largest thermoplastic CFRP aircraft
fuselage segment. For the first time, a full-size fuselage segment was made from
thermoplastic CFRP materials in a research project in order to assess the
feasibility as well as the ecological and economic advantages and disadvantages. ILA Berlin 20

Visit us

Together with the project coordinator Airbus, CO; laser welding was selected as —
the joining method to close the thermoplastic aircraft fuselage for the left
longitudinal seam. In contrast to current riveting processes, both methods offer 06/05/-06/09/2024
the advantage of dust-free joining. However, they have not yet been used in
production or in research for such large CFRP components and with the

Berlin ExpoCenter

necessary special quality requirements. The need for dust-free joining results Airpoll
from the first-time pre-integration of both shells with a large number of Hall 2, Booth 270
structural and system components that are also assembled by welding, which Fraunhofer Joint Booth

does not allow subsequent removal of dust and chips.
More information:

More information: https:/www.ifam.fraunhofer.de/en/Press Releases/new- s.thg.de/ILA-PR

architecture-for-automated-production-thermoplastic-aircraft-fuselage.html
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Within the framework program “Large Passenger Aircraft” (LPA), Fraunhofer IWS used a CO: laser
beam source to demonstrate the welding of long joining seams on large-volume thermoplastic
aircraft fiber composite structures for the first time worldwide within the MFFD project.

© CLEAN AVIATION
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On the left side of the MFFD, the longitudinal butt-strap joint between the upper and lower halves
of an eight by four meter section of “Carbon Fiber Reinforced Thermo-Plastics” (CFRTP) was
completed using the process approach developed at the Fraunhofer IWS - in full size.

© CLEAN AVIATION

Materials and Lasers — Competence with a System: The Fraunhofer Institute for Material and Beam Technology 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 as well as 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. Our research focuses on aerospace, energy and environmental technology,
automotive, medical and mechanical engineering, toolmaking, electrical engineering and microelectronics, and photonics and optics sectors. In our
five future and innovation fields of battery technology, hydrogen technology, surface functionalization, photonic production systems and additive
manufacturing, we are already creating the basis today for the technological answers of tomorrow.


https://s.fhg.de/formnext2023en
https://s.fhg.de/formnext2023en

\

~ Fraunhofer

IWS

FRAUNHOFER INSTITUTE FOR MATERIAL AND BEAM TECHNOLOGY IWS

PRESS RELEASE
No. 05 | 2024
May 28, 2024 || Page 8| 10

Visit us

ILA Berlin 20

06/05/-06/09/2024
Berlin ExpoCenter
Airport

Hall 2, Booth 270
Fraunhofer Joint Booth

More information:
s.fhg.de/ILA-PR

An important task was to continuously and precisely guide the applied laminate and press it onto
the aircraft half-shells in a contour-accurate, width-dependent manner. At the same time, the laser
beam had to be guided and the temperature in the joining zone recorded pyrometrically.

© CLEAN AVIATION
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The conceptual development and implementation of the entire plant and control system, including More information:
the human-machine interface, was based on an in-house development by Fraunhofer. s.fthg.de/ILA-PR
Commercially available system components were also used.
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A fuselage segment made of thermoplastic CFRP materials was manufactured in full-size for the More information:
first time in a research project. The aim was to enable a well-founded assessment of feasibility as s.fhg.de/ILA-PR

well as ecological and economic advantages and disadvantages. The fuselage shell made of
thermoplastic composite material weighs significantly less than conventional sections.
© CLEAN AVIATION
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