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Fraunhofer IWU at Formnext, November 19–22, 2024, Hall 11.0/Booth E38 

Custom Print Heads for 3D Printing: Achieving Individual 
and Highly Efficient Functional Integration 

Wire or Fiber Encapsulating Additive Manufacturing (WEAM/FEAM) could 
significantly simplify the industrial production of components that require the 
integration of complex yet compact wiring, sensors, actuators, or lighting 
systems – by directly printing these components into the parts. The FEAM 
process uses glass fibers instead of wires, which are coated with a polymer and 
applied to any substrate without affecting its optical properties. This 
technology enables the creation of customizable lighting elements, sensors, or 
data conductors on 2D or 3D surfaces. A new development at Fraunhofer IWU: 
the Automated Cable Assembly (AuCA). Conventional robotics fails to produce 
and automatically lay flexible cable bundles in vehicles; AuCA, however, 
manufactures the wiring using a robot-guided mold on a component and fixes 
it with a polymer. 

The team led by Lukas Boxberger at Fraunhofer IWU offers a variety of print heads for a 
wide range of manufacturing tasks, which the IWU team can further customize to 
specific product requirements. 
 
Printing custom wiring harnesses in a car plant 
 
A wiring harness for an automobile consists of several cables with different lengths, 
cross-sections, and terminal connectors. For a robotic system, assembling and installing 
a multi-kilometer cable system would be extremely difficult. Such processes would 
require numerous cameras, sensors, and intricate processing steps. As a result, the 
entire process chain – from cable assembly to installation in the vehicle – remains 
heavily dependent on labor-intensive manual work. 
With the Automated Cable Assembly (AuCA), Fraunhofer IWU has completely 
rethought cable laying and combined it with 3D printing technology, allowing flexible 
cables to be deposited directly from an endless reservoir without the need to handle 
them manually. In addition, the researchers have developed a print head that attaches 
contacts to the cables laid. The cable-laying concept is automated, does not require 
image processing, and uses an efficient laying system directly on the final component. 
This technology eliminates the need for cable pre-assembly, harness configuration, 
transport, and installation. Such a system can thus replace several manual labor stations 
and apply wiring harnesses on the component next to the production line of a car 
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plant. AuCA reduces the wiring harness to its core components: individual cables, 
necessary contacts, and application-specific adhesives. This approach saves weight and 
eliminates the need for additional materials for transport protection. 
 
Applications similar to automotive wiring harnesses exist in all areas of cable 
integration, from control cabinets to consumer electronics. 
 
Using FEAM to leverage the benefits of fiber optics for faster data transfer or 
create flat, flexible, and lightweight lighting ystems 
 
Instead of (coated) cables, fiber optic strands can also be applied to various substrates 
using printing technology. In Fiber Encapsulating Additive Manufacturing, a single fiber 
or fiber bundle is printed onto the component by a print head and encapsulated with a 
polymer coating. This approach allows to deposit fiberglass tracks directly onto the final 
component in any desired shape. With the FEAM technology, the researchers aim to 
push the boundaries of fiber optic integration in order to develop cost-effective and 
design-flexible solutions for industrial applications. Fraunhofer IWU is working on 
methods that enable fully automated integration of fiber optic elements and is 
developing print head systems that are faster, more precise, and more efficient in 
manufacturing. Products with optical fibers that can be directly applied to (injection-
molded) parts require shorter processing times and fewer components. 
 
Comparable cost benefits can be achieved when this technology is used to directly 
apply optical fibers onto components. At Formnext, Fraunhofer IWU will showcase a 
print head that can achieve deposition speeds of up to 50 millimeters per second for 
fiber diameters ranging from 0.2 to 1 millimeter, without the need for special 
requirements for the coating material. For example, side-emitting fiber optics (SEFOs) 
with a protective transparent casing can be applied to an injection-molded part to 
create a powerful, flat light element. 
 
Further Information 
 
Functionalizing technologies - Fraunhofer IWU 
WEAM - Wire Encapsulating Additive Manufacturing - Fraunhofer IWU   
FEAM - Fiber Encapsulating Additive Manufacturing - Fraunhofer IWU   
AuCA - Automated Cable Assembly - Fraunhofer IWU 
 

https://s.fhg.de/zDbv
https://s.fhg.de/tjHy
https://s.fhg.de/Psx2
https://s.fhg.de/v7i
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Fig. 1  Left bottom: WEAM Printer (outer) and FEAM Printer are ideally suited motion systems for 

3D printers in environments with limited space but requiring speed and flexibility. The print heads 

are compact and lightweight. The media supply (wire or fiber, polymers, compressed air) is 

handled by an external supply unit (shown directly above the print heads). For larger machines or 

when more space is available: WEAM Machine (center) requires no external supply. WEAM Robot 

(second from right) is designed for larger motion systems, primarily processes two-component 

polymers, and can print glass fibers or glass fiber-reinforced plastics onto metals. Far right: AuCA, 

designed for robotic guidance. Shown is the unit that can place and adjust the length of four 

cables simultaneously. © Fraunhofer IWU 

 

 
 Fig. 2  WEAM Machine, 

combined with a tool 

machine 

© Fraunhofer IWU 
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Fig. 3:   Cable laying with AuCA. The AuCA system consists of two 

tools (cable laying, left in the image, and contact attachment, right) 

that can be guided by collaborative robots. The end effector "Cable 

Deposition" allows for cable feed from an endless roll, automatic 

configuration, positioning, and mechanical attachment 

(thermoplastic extrusion) on the component. It can lay up to four 

cables simultaneously. This technology enables the flexible, fully 

automated production of various cable harnesses directly on the 

workpiece. © Fraunhofer IWU  

 

 
 Fig. 4  The FEAM process 

uses fiber material made of 

glass, which is applied to 

any substrate via a polymer 

coating without affecting its 

optical properties. 

© Fraunhofer IWU 

 

 
 

The Fraunhofer Institute for Machine Tools and Forming Technology 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, Wolfsburg, and Zittau. We 

open up the potential for competitive manufacturing in automotive and mechanical engineering, aerospace technology, medical engineering, 

electrical engineering, and precision and microengineering. We focus on scientific developments and contract research regarding components, 

processes, methods, and the associated complex 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.  We consider 

the entire process chain using regenerative systems and circular economy in this context. We develop technologies and intelligent production plants 

and optimize forming, cutting, and joining manufacturing steps. Our range of services includes the development of innovative lightweight 

structures and technologies for processing new materials, functional transfer to assembly groups, and the latest technologies of additive 

manufacturing (3D printing). We present approaches for large-scale production of essential hydrogen systems, thus contributing to the transition to 

renewable energies. 

 


