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Publishable project summary

3D printing currently represents one of the most promising technologies for the production
of complex shaped components. In addition to material and process cost savings, it also
offers the potential to create components difficult or even impossible to produce by
conventional technologies. This technology is increasingly used in high-tech industries such
as aerospace, automotive, energy, medicine, etc. Despite the obvious advantages, there is
much room for improvement in the behaviour of printed components, especially in the field
of surface protection.

Thermal spraying is a widely used and versatile technology enabling the application of
functional and protective coatings in the thickness of 100-500 pm from metal, ceramic and
carbide materials. Depending on the material used, these coatings provide high hardness
and resistance to various types of wear, oxidation, corrosion, high temperature, and may
offer other special properties such as electrical insulation or biocompatibility, etc.

The combination of these two advanced additive technologies would make it possible to
create components with the advantages of 3D printed (shape variability, lower weight), with
the required surface properties, ensured by the appropriate choice of the thermal spray
material.

While the functional properties of the thermally sprayed coatings themselves (wear and
corrosion resistance, etc.) have been the subject of intensive research and development
for decades, less was known about their resistance to dynamic and cyclic loading. The
same is valid for 3D printed components itselves. Nevertheless, the dynamic and cyclic
loading of surface or whole components body is in practice one of the most common
types of loads leading to destruction.

The main objective of the project was the development of 3D print-thermal spray systems,
resistant against wear, reliable also if loaded by in dynamic and cycling loads.

Particular attention was paid to the development of a methodology for evaluating the
resistance of a coated system to dynamic impact loads, which are closely related to
various types of wear, such as solids erosion, water droplets, cavitation, etc. The
lifetime of 3D printed and coated components under cyclic loading was also evaluated.
The main project results are:

1) designed and tested composition of coatings feedstock powder, containing two types
of hard phase (CrsC2 and WC) embedded in a Ni matrix. The material, if sprayed by
optimized parameters using HVOF deposition technology, provides coatings with
higher dynamic impact wear resistance with comparable wear resistance to
commercially available materials and shows a higher deposition efficiency than
commercial Cr3C2-NiCr.

2) developed technological procedure, enables to deposit coating on the surface of 3D
printed part without the need for grit blasting. The elimination of grit blasting increase
the process effectivity as well as decrease the negative ecological impact of grit
blasting media and its waste.

3) developed and verified methodologies of dynamic impact testing of thick thermally
sprayed coatings and related deeper understanding of substrate-coating
relationships under dynamic and cyclic loading

The project results have a strong impact on the extension of both additive technologies into
wider range of application. An increase in reliability is a key factor for application in many
branches of industry, including namely power generation, aerospace, automotive, civil
engineering etc. The TRL at the start of the project was 2 (technology concept formulated).
Both technologies are applied in industry, even though their dynamic loading response was
not addressed in sufficient detail. The technology concept of their mutual combination is
formulated and described in this application.

The target TRL of the project is reached 5 (technology validated in relevant industrial
environment). The designed 3D printed-thermally sprayed component was produced and
verified in service by an external industrial partner.





