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** Young researcher:  Young Researcher means researchers in the first 10 years (full-time equivalent) of

their research activity, including the period of research training, since gaining a university (or equivalent

institution of higher education) degree giving access to doctoral studies in the country in which the degree 

was obtained (the degree must entitle the holder to embark on doctoral studies, without having to acquire 

any further qualifications) and who have not yet obtained a doctoral degree. 

Project start: 01/08/2018 (planned in proposal: 01/04/2018) 

Project end: 31/07/2021 (planned in proposal: 01/03/2021) 

Project website: none 

TRL: 

at the beginning of the project: 3 

at the end of the project: 6 

2. Publishable project summary

  The SYMPA project aimed to develop new materials, processes and post-treatment methods 

for stereolithography processes in order to enable long-term use for automotive applications. 

In contrast to other additive manufacturing processes, such as fused filament fabrication or selective 

laser sintering, stereolithography can be used to produce components from a liquid photopolymer 

with very high precision, excellent surface quality, additionally functionalized surface textures and 

with almost completely reusable raw material. 

However, prior to the start of the project, photopolymers were usually processed without fillers or 

special coatings. As a result, the mechanical properties and environmental resistance were limited 

due to the restricted covalent bonding forces between the carbon molecules within the photopolymer. 

The application of stereolithographic produced components was therefore mostly only in the area of 

unstressed illustrative prototypes. There was therefore a need for a new class of materials and coating 

systems to enhance the material properties. 

The project consortium, built up via M-ERA.NET II from 3 small and medium-sized enterprises, 

1 large enterprise and 2 research institutions, developed new materials, production equipment 

and post-processes for the improvement of the mechanical and environmental stability 

of stereolithographic produced components. 

For this purpose, the focus was put on increasing the mechanical properties through the use of 

reinforcing short fibres. On the one hand, it was possible to develop technologies for the direct 

introduction of fibres during the production of the layer in the printing process (in-situ), and thus a 

subsequent reinforcement in a further production step. In this way, the stiffness and strength could 

be increased in comparison to pure photopolymers and a fast processing could be achieved by 

modifying the printing process. 

In addition, the protection of the printed components against environmental influences was 

investigated focusing towards increasing UV stability and reducing wear. Acrylic lacquers, MoS2, 

WS2 and ZnO metal particles in combination with a plasma coating system and optimized deposition 

conditions enabled the successful realization of protective coatings. 
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The industrial applicability of the developed technologies was successfully shown by several 

demonstrators like a topology optimized UAV engine mount with in situ short-fiber reinforcement, 

scratch and wear resistant coating on car key covers, a door handle with subsequent carbon fiber 

reinforcement, conductive selective coatings and transparent light guides with UV protective 

coatings. 

 

 

3. Main results, conclusions and fulfillment of objectives 

 

3.1. Summary of main results and conclusions 

Summaries the results and main conclusions achieved during the whole project duration  

The associated partner Henkel developed new photopolymers for stereolithography based processes 

during the project period, which were made available to the project partners for further investigation. 

In order to enable the production of test specimens and demo components, the correct printing 

parameters for the Rapidshape systems were determined. The suitability of the new photopolymers 

for various applications in the automotive sector was first examined using mechanical tensile tests, 

thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) tests. The first focus 

was on an increased heat resistance of the photopolymer, which was considered in combination with 

a fibre reinforcement. However, a brittle fracture behavior of high-temperature stable photopolymers 

proved to be unsuitable for achieving increases in tensile strength by short fibre reinforcement. 

Therefore, a tougher photopolymer was used as an alternative, which improved the fracture behavior. 

In addition, transparent photopolymers were considered as a promising material for light guiding in 

the automotive sector. Discoloration by ultraviolet (UV) radiation was a challenge with previous 

photopolymers, which could be improved by the new photopolymer generation of Henkel in 

combination with protective coatings. 

The research activities on fibre reinforcement were divided into two areas: 

1. In-situ fibre reinforcement strategies 

2. Subsequent fibre reinforcement strategies 

The in-situ fibre reinforcement strategies dealt with the question of the direct insertion of fibres during 

additive layer manufacturing. First, the influence of the fibre material (glass and carbon) as well as 

the fibre length and fibre quantity on the process parameters was investigated. The focus laid on 

discontinuous short fibres, whereby it was shown that a length of 500 µm and a weight proportion of 

20% (carbon fibres) and 41% (glass fibres) should not be exceeded. Otherwise, the processability of 

the mixture of photopolymer and short fibres decreases considerably due to the increased viscosity. 

In addition, it has been shown that carbon fibres have a strong negative influence on the cross-linking 

behavior during the exposure process, which is why the focus in the project was placed on glass fibres 

for in-situ insertion. In order to bind these fibres as good as possible to the photopolymers, chemical 

modifications were made to the fibre surfaces. The fibre surfaces were analyzed using elemental 

analysis and scanning electron microscopy (SEM) to assess the quality of the modifications. 

The quality of the composite materials produced was investigated by material characterization using 

tensile tests and fibre volume content determinations, as well as by design studies and microscopic 

analyses. This served to derive printer equipment-related process optimizations, which included the 

alignment of the short fibres by means of a wiper mechanism and an adapted exposure strategy. This 

enabled the mechanical properties of the composite to be significantly increased compared to the pure 

photopolymers. 


