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Introduction 
This AM-TKI project in collaboration with TNO focusses on the 
sensing and control of resin-layer thickness in AM applications. 
Industrial Additive Manufacturing is considered to be a potential 
breakthrough production technology for many applications. A specific 
AM implementation is VAT photo polymerization. In large-area VAT 
printers, always a layer of non-cured material is deposited, usually a 
recoating process by a blade coating technique, and a light source is 
used to selectively cure parts of the layer. One of the main challenge 
is to obtain a flat resin surface after each recoating step to produce 
dense and accurate final parts.

Research question
The project focuses on the improvement of technologies in 
industrial additive manufacturing and particularly in ceramic VAT 
photopolymerization that aims in decreasing of the building time and 
increasing quality and accuracy of the final products. The project will 
contribute to the development of a tool for the resin layer thickness 
measurements after recoating process. The study will also include 
investigation of recoating parameters and their influence on the free-
surface deformations with different geometries. 

Approach
The issues associated with the surface flatness (Fig. 1) can be 
overcome by adjusting the recoating parameters such as the 
velocity, the gap between the blade and substrate, usage of a level 
compensation module to prevent disturbances due to shrinkage of 
photopolymer. The first step towards the investigation of the influence 
of these parameters is to conduct numerical simulations of laminar 
two-phase flow with moving interfaces. This is an initial step to mimic 
the effects of the recoating blade. Another challenge is to choose an 
appropriate sensor to determine the layer thickness and its uniformity. 
The choice can be made among the laser triangulation approach, 
confocal light scattering technique, or the use of ultrasonic sensors. 

Figure 1: Issues associated with recoating over different substrates (D. T. Pham, C. Ji, 
A study of recoating in stereolithography, Proceedings of the Institution of Mechanical 
Engineers, Part C: Journal of Mechanical Engineering Science 217(2003) 105-117).

Results/future work
A few numerical models have been applied to assess their capability 
to simulate correctly and to explore the free surface deformation of a 
resin during recoating process. To estimate the capability of different 
commercial software tools the comparison was implemented using a 
few well-investigated benchmark cases (see Fig. 2). 

Figure 2: Results of numerical simulation for the recoating process. The square represents 
a recoating blade that moves from right to left. Phase (up) and velocity (bottom) fields 
for the model. On the phase field the blue color indicates air while the red for the 
photopolymer. 

Currently, numerical simulations with a level set method was used to 
account for the presence of the interface between two fluids. As part 
of the collaboration with TNO the implementation of a measurement 
sensor, specifically, the sensor that utilizes laser triangulation 
approach was considered and calibrated. The influence of different 
recoating velocities was investigated on a test object (Fig. 3).

Figure 3: Figure 3. Test part printed with the recoating velocity 100 mm/s and 
corresponding offsets from the reference (courtesy of Bart van Dongen, TNO)
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